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UDivenity of Florida. 1965 

Group Leader Ja Food UD, Procter a Gamble 
Co., 1965-74. MaDufaeturiag Mauger, Procter 
.. Gamble Co., 1974-81 

Senior Ptoeeu EDaiDeer .. Paoceas Spedalht, 
Audersou ClaytOD Co., 19814' 

SectioD Man .... ami PriadpaI ScieBtist at F'rito 
La),. Jac., As lUI advber on all oB related R&D 
activit)' for the worldwide operatio .. 1917-91 

PresideD!, MG Edible Oil CODJIIIdq IDt'L lac. 

as: 
1. Curreat member of the Special Publica ... 

Committee. 
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Consulting: 

Advisory Board: 

Publications & Teaching 

MGVitae 

Both in US and overseas on oil proc:essing, 
process engineering, product formulation and 
application of lipids in food products. Design 
and construction of oil refineries 

Promoting Nu-Sun oil from its very conception. 

Promoting soybean oil utilization overseas 
through the American Soyhean Association and 
the Food & Agricultural Service (FAS) 

Served as a Steering Committee member of the 
Long Term Research Planning Committee ofthe 
USDA, Peoria, IL, January 1999. 

Numerous publications in technical journals and 
chapters in technical books published in the U.S., 
UK, South America and Asia. 
Teaching sbort courses at Texas A&M 
University, University ofCalifomia, Am. Oil 
Chemists Society. Directed short courses jointly 
sponsored by tbe Institute of Food technology 
and Am. Association of Cereal Chemists. 
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REGISTRATION INFORMATION 
EDIBLE OILS 

blame _ ... _ .. ". , _________ . "_~A __ 
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Attendees may register by calling in or faxing this 
registratIon to AUHl They may al$o register at the 
door. 

Reg/sind/on Fee: There wUI be a eo LE rees for this 
prog ram. Registrants wlll receive a eour$~ notebook, 
coffee breaks morning and afternoon end acertihcate of 
participati(m following completion of evaluation forrns 

For further details; contact: 

Agriculture Led Export Businesses (ALES) 
12 Dokki Street 
Ookki, Cairo; EGYPT 
TEL 202-348 .. 0728/338<;1445 (6 Lines) 
FAX 202<348 .. 0729 
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THE CENTER FOR ADVANCED FOOD 
TECHNOLOGY 
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USAID Project No ,. 263,,0264 

April 2, 2001 at 9:00 at the 
ALES Offices, 
Ookki, Cairo 



PROCESSING OF EDIBLE 
OILS: PROCESSING, 

QUALITY AND SAFETY 

INTRODUCTION 

Vegetable oils are obtained from various 
oil seeds, palm fruit! palm kernal; olives 
and other seeds and fruits, The most 
common seed oils are derived from 
soybean, cottonseed. sunfiower, edible 
rapeseed (Canola) l and safflower. 
Soybean oil and palm oil are the two 
largest volume. oi ls in the world, Palm oil 
production !s expandi ng and is expected to 
surpass soybean oil by 2005. tn the 
Mediterranean Basin, olive oil is the most 
commonly used oiL It is gaining market 
share throughout the world because of its 
flavor and association with a healthy 
lifestyle. Egypt is making an effort to 
penetrate the world olive oil market To do 
this, they wil l need to assure that they 
nlanufacture high quaHty, safe and 
wholesorne products. 

This program will provide attendees with 
information on oil processing! handling! 
storagel and distribution. Quality issues 
and the development and maintenance of 
standards will also be discussed. 

COURSE OUTLINE 

9:00 ~ Registration 

9:30 - History of Oils Usage ~. R. Stier 

1 0:30 ~ Handling Crude Oils ~ M. Gupta 
This session will review methods for handling 
and storage of crude oils, 

11 :30 - Crude Oil Unloading & Storage "' 
M, Gupta 
This discussion will review proper procedures 
for unloading and storage of crude oils. 

12:30 ~ Refining of Edible Oils ~ M, Gupta 
This tecture wiH discuss refining of edible oils, 
including bleaching! hydrogenation and 
deodorization, 

14:00 ~ lunch 

15:00 - Storage of Refined Oils - M, Gupta 
This session will review proper storage 
techniques for refined and deodorized oils. 

15:30 ~ Quality Control Tests for Edible 
Oils - M. Gupta 

16:00 - Packaging & Distribution - M. 
Gupta 
Review of critical control pOints in oil 
packaging; factors that affect shelf-life 

~ ..... 

FACULTY 

Me Monoj Gupta (MG Edible OUs 
International) " Me Gupta is the president of 
MG Edible Oils international. He is a chemical 
engineer by education who has built and 
managed refineries in Mexico and around the 
world while working with Anderson Clayton, 
He has also helped develop products using 
fats and oils, Before becoming a consultant, 
he helped Frito-Lay save millions of dollars by 
developing programs to assure the quality of 
oils used in their products and for managing 
oits during production . 

POR FURTHER INFORMA liON 

Mr. Richard F. Stier 
Director, Technical Services 
Mr. Morad S, Ahmed 
Co-Director$ Technical Services 
Agricultural Led-Export Businesses 
12 Ookki Street! 6 th Floor 
Giza~ Egypt 
TEL 02-338-1445 (6 Lines) 
FAX 02-748-0729 
EMAil morad@egyptonline.com 

aleb@aleb,org 

COURSE INFORMA TION 

Monday April 2, 2001 @ 9:00 at the 
ALES Training Center, 5th Floor, 12 

Dokki Street 



FATS AND OILS REFERENCE SITES 
GOVERNMENT 
Canadian Food Inspection Agency www.c6a-teiII&[,S 

European Union on Une httn;[IeutWLa ill 

Food and Agriculture Organization """:IIwww,liII.1II 

Foreign Agricultural Service Attache Report http://www_ ... p/NWw""· '" u:aN·'·,' ., 
I 

United States Food & Drug wwwfdlm 

US FDA • Trans fatty Acids Labeling btlp;llwww.m..ft fda.ggvl-lrd/bb1fxcidJilml 

I 
~ I United States Depattment of Agriculture 

! 
United States Grade Standards Olive Oil ' "UD1/www.'. "'" ptpwhuklq'iwpl Pdf' 

I 
I ASSOCIA TIONS 
Aceite de Oliva de Espana hlJ:l1www -.liya. ...... 

African Oil Chemists Society httpJlwww.---"" rnmK'lIIId"anawnlJl.!!l!1I669 

American Association of Cereal Chemists www 1IIli~0!JIaatc 

American 08 Chemists Society WWW.IIIICII III 

American Soybean Association http;llwww.aml"Y.l1II 

i 
Arrow Group http:l(atlO ..... OOO ..... /i ........ 'Y •• 1111 ... ", htm 

Califomia Olive Industry wwwwnliw;og 
! 

California Olive on Council I http://www£MC<mIh!wblm! 

. Canota Council of Canada 

• Codex Alimentarius Standards On-Une 

I CodexSta ........ """, 01 

I hU!rl1www.mdm1jpM'''iuu!4lSTANPABDI ... ·,d , 

8ImfCX 033yd 

! Intemational Olive on Council 

'I 



Institute of Food Technologists www.ift.org 

National Cottonseed Products Association h!!Jl:llwww.cottonseed.com 

National Institute of Oilseed Products h!!Jl:llwww.oilseed.orglindex.html 

National Oil Seed Processors Association h!!Jl:llwww.nQJ11!,Q!g 

National Sunflower Association www.sunflowernsa.com 

North American Olive Oil Council h!!Jl:llwww.naooa.org 

Olive Growers Council h!!Jl:llwww.olivecouncil.com 

Palm Oil Research Institute of Malaysia .IDVW J1Q!im.gQYJ!!Y 

University of California Olive Site h!!Jl:/lfruitsandnuts.ucdavis.edniolive2.html 

METHODS 
American Oil Chemists Society www.aocs.org 

Association of Official Analytical Chemists www.aoac.o..rg 

Fri-Check Oil Tester www.fri-check.de 

International union of Pure and Applied h!!Jl:lliupac.chemsoc.org 
Chemistry 
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PROCESSING OF EDIBLE OILS 
WORKSHOP TOPICS 

1. A Short History of Fats & Oils 
2. Introduction to Fats & Oils - Applications 
3. Basic Oil Chemistry 
4. Decomposition of Oils 
5. Protection of Oil 
6. Handling Crude Oils 
7. Processing Vegetable Oils 
8. Refining Vegetable Oils 
9. Bleaching 
10. Hydrogenation 
11. Deodorization 
12. Protecting Oils After Processing 
13. Quality Control 
14. Packaging & Distribution 

APPENDIX 
• Sample Costs to Establish an Olive Orchard 
• Spanish Varietals 
• Grade Standards and Quality 
• AOAC Methods 
• IUPAC Methods 
• AOCS Methods 
• Rapid Methods 
• Consumer Guide to Fats 
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A SHORT mSTORY OF 
FATS AND OILS 

RICHARD F. STIER 
TECHNICAL DIRECTOR 

ALEBPRomcr 
CAIRO, EGYPT 
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FRYING: AN 
PROCESS 
+ Egypt - As evidenced 

by wall paintings 
+ China - 5,000 years 

ago to pre-cook meat 
prior to roasting 

+ Biblical references 
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"And unleavened bread, and cakes 
leavened temper with oil and wafers 
anointed with oil; of wheaten flours 

though shalt make." 
Exodus 29:1 

," '.LH ~ jil.o ..JT"

~l,b ~ t.JA ''''U ~-".lA.;;Y JtiJ.J 
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EDIBLE OILS 
.. Early days - Used what was available 
.. Olive oil in Mediterranean 
.. Animal fats in Northern Europe 
.. Palm & soy in Asia and Africa 
.. Hydrogenated oils came into use in early 

.;;--~ 

1900's following invention 
.. Improved refining/blending techniq~ 
.. Egypt today - Olive oil & others prCI<l'Qjcea 

from imported crudes 

e;:\:i.. .]A L. JS /"I~I r:i:! DIS ~ ..l.,itJ1 c} -
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EDIBLE OILS 
+ Flavor carriers 
+ Energy 
+ Processing - Food 

flavor & texture drive 
the process 

+ Heating eml~ienca 
quick cooking 

nUd

rt..l:J1 ~ - ea' ' .'" -
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COOKING OILS 
A LOCAL PROCESS FOR CENTURIES 

+ Bakers 

+ Cooks 
+ Restaurants/vendors 
+ Home preparation 

I .~ .•. _li·· 1.'., 1.t.". I . f, t, ":I ~ .J.W "....... ~ 
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INDUSTRIAL FRYING 

+ Began in the 1890's '\ \ \ II//; 
+ Local industry for many ~ \ / ~ 
ye~ ~::--+ Needed new tecbnologi~ 
to move forward 
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GROWTH OF FROZEN 
POTATO INDUSTRY 

UNITED STATES FIGURES 

YEAR POUNDS OF POTATOES 

1947 3.S Million 

1972 2.7 Billion 

1988 5.2 Billion 

1994 7.9 Billion 

~ (.)a JLb) ('WI 
u.,;l.o '1",0 , '\f. V 
u~ Y,V ,wy 
u~ 0," '4\AA 
u~V,'\ ',\,\f 
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Growth of the frozen potato 
industry corresponded with the 

development of the oil-blanched 
or par-fried potato by researchers 

at J.R. Simplot in 1953. 

olo, oJI uJa~1 ~~ ..fAl d 
uJa~ ~ t;o cliI Jid lA J."lU.J 

J.R. (.$.ll ~411 ~ 6A liJ'" lJwoD 
,,\or rotc. Simplot 
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EQUIPMENT 
.. Kettle Systems 
.. First continuous fryer developed by 

Freeman McBeth in 1929 
.. The system was installed at Ross Potato 

Chip Company in Richland, PA 
.. Development slowed by World War 

I!JtpWI ~t-
1.1:. .1 -I ~ .1<'. - .1 -., ~ J t· ~ -

f.H" t..Jo4 I.Jo""'I y.. ~ U'U"" ~ J ~ ~ 
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ADVANCES IN 
FOOD SERVICE FRYING 

+ Open pots to computers 
+ Automation 
+ Built in :filters 

+ Safety 

+ Ease of use 

• 
~I 2.:..jiWl ~ r!>i1,,J u.- 1} .. 1I ~J~ -

..fo ..»!.s;~ rh :'1.J 
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PACKAGING ADVANCES 

.. Amphora in ancient times 

.. Glass used and still used 

.. Fried snacks originally distributed locally 

.. Sold door-to-door or in stores in barrels 

.. Cans used early & still in use 

.. Systems have evolved for different p·md~~ 

J.iall ~ i').1.)ti) 0.).,t.."11 rl.li.l....\ rl-; wLS -
~I 2J..j'il ~ (()l....J:!L- WF-ljl4!Jl~ 
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EDIBLE OILS 
+ Suppliers manufacture a 

range of oil products 
+ Customer service is 

increasingly important 
+ Product/process 

development 
+ Customer driven - clear 

bottles 

~~ (;4;' ·il UJlJ,JI t~
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"Oil processors have always handed 
down the product (oil) to the snack 
food industry. The oil has been 
judged to be good by criteria chosen 
by the oil processors." 

Gupta, M, 1994, Inform, 5:5, 6o,,~~ 

~? ;j 4 ~ <!.l.jJ..j11 J P ; t .... 4 f' ji; \...0 WI.)" 
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Gupta, M, 1994, I1iform, 5:5, 
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FRYING AS A SCIENCE 

~h" Frying research has been in 
.------, progress for almost 90 years 

Early wmk was on oil 
chemistry (Academia) 
Industrial research on the 
process 

+ Relationships of oil 
to process ignored 

~ ~"II ,'I eli';.1...il

l.16 'l. !.I"'" e,,». ~ 
.. W JA J.J"II cJ-II ()5 -
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EDIBLE OILS USE 

... Thousands of years old 

... Used extensively - great heating medium 

... Cooking - Yields delicious & desirable 
products 

... Usage - Expanded with technology 

... Greatest growth since 1950 

... Continues to grow despite anti-fat 

... Fat and fatty foods taste good 

r'-",";il va u";il ~

.b.....J - Jt.l..s1\ t"".J ~ ~~..Jl1 /"I~I iJ -
... e . • • 
~~ 

:L.... ':I._ ..... I .• "-.uc.·· - .\,,11-.r-YO.J ":It-'" ~ ~ <,p-' 

c.F'."l~1 .;.".blll (:;'" t"'~ - /,,'~";il -

, '\". /"U:. ~ ~I .;.".bllI l~ -
6""'~ ~ IJ...JI ~ ~ .JA1l1.J .;.".blll ~I -

* 4§ll.~.lJI ~";iI.J u."...lI1 -

I , 
I 

1 

] 

I 

1 

I 
1 

I 
1 

1 
I 

~ , 

, 

• 



l 

r 

HISTORICAL PERSPECTIVES ON 
FRYING or HOW WE GOT TO WHERE 

WE ARE TODAY 
Richard F. Stier, Consulting Food Scientist 

INTRODUCTION 

At the lIPIOFORUM held in Helsinki, Finland in 1994, Dr. Christian Gertz of 
Hagen, Gennany, whimsically observed that "everybody believes that deep-fat 
frying had its beginnings in the early 1950's·. In reality, frying is one of the 
oldest means for preparing food known to man. Frying supposedly had its 
origins in China, where foods were pre-cooked prior to roasting. EgypIi ... wall 
paintings show dough being fried in oil indicating that Europe and North Africa 
were using hot oil to cook foods before the time of Christ. Even the Bible has 
references which could be construed as an early attempt at frying. In Exodus 
29:3, Moses tells the people of Israel, 

"And unleavened btHd, and C\1IIke, unleavened tempsr wilt 01 and waAn alOinllld 
willi 01; of whB6ten flour thou IIh8It maIce them. " 

Sounds like a fried snack, doesn't it? Little did we know that such foods were 
once part of religious ritual. 

How frying was discovered is unknown, but it may have been accideillal, as 
many of early man's findings undoubtedly were. Perhaps fat from • ra aSlilig 
piece of meat was collected in a container and someone dlopped a piece of food 
into that container. When the food was salvaged, they discovered that it was not 
only cooked but tasted good. It is this feature, good taste, which has dliwel, 
frying throughout the years. In the United States, where foods COl daining fill are 
reviled and condemned, people crave high fill foods, be they fried Wi8Cks, 
buttery cookies or rich ice a e BniS, for their flavors, textures and the ultimate 
satisfaction they provide. I do not know if fill is a "bad word" in this CCU"Itry, but 
with rising affluence and gJeater awareness regarding diet and he BIth, it may 
well become so. 

For many years. frying was a process that cooks, bakers or COI1SI..IJi8I'l used to 
prepare foods for local consumption. Chefs prepare fried pastries, such es the 
delicate and delicious beignets Of New Orleans or pomme frites from fresh 
potatoes, a staple of many meals in Northern Europe; local bakers made 
doughnuts or other fried dough products; and housewives deep-fry chicken, fish 
and other foods for their families. The coatings that these cooks used were very 
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basic; flour, eggs, bread crumbs and perhaps some spices. Remember, these 
foods were fried and usually eaten very shortly thereafter. Fried foods were not 
a product that could be stored or transported very well .. 

In a strange way, Dr. Gertz's comments that frying was discovered in the early 
1950's are not so far off, however. Frying as a commercial operation needed a 
few technological advances to "get going". These included but are not limited to 
the development of industrial freezing, which required a frozen distribution 
network, including the mass production of home and foodservice freezers, the 
development of packaging as a real science, the development and expansion of 
extrusion technology and the continued improvement of fryers from what were 
simply kettles with low capacity to the continuous high volume systems in use 
today. In support of Dr. Gertz's comment, all one needs to do is look at how 
frozen potato processing has grown. In 1947, the amount of frozen potatoes 
processed in the United States was only 3.5 million pounds. Twenty-five years 
later that figure had grown 770 fold to 2.7 billion pounds; the great bulk of the 
product going to the fast food and restaurant industries. By 1988, this figure had 
risen to 5.2 billion pounds, 4.5 billion pounds of which were French fries. !994 
saw figures of 7.9 and 6.7 billion pounds. respectively. This massive growth 
corresponded to the development of oil-blanched or par-fried potato by 
researchers at J.R. Simplot in 1953. It was also be related to the explosion in 
the growth of chain restaurants. Today, the figure exceeds eight billion pounds. 
Of course, there was really no frozen vegetable industry prior to 1929, the year 
that Clarence Birdseye developed the first commercial freezing systems. 

Let's use the potato chip as an example of how technology has contributed to 
the evolution of an industry. The potato chip had its origins at the Cary Moon's 
Lake House, an upscale restaurant, in Saratoga Springs, New York during the 
horse racing season in 1853. A very wealthy customer, Commodore Cornelius 
Vanderbilt, wanted very crisp fried potatoes with his dinner. After refusing 
several offerings, the chef, an Indian named George Crum, sliced the potatoes 
very thin, fried and salted them and presented them to the patron. The customer 
loved the crunchy fried potatoes and the potato chip was born. It's rather ironic 
when one considers that a product that came from what was probably 
considered a gourmet kitchen has evolved into a universal and inexpensive 
snack. For the potato chip to evolve as it did, however, there needed to ba 
several major advances in technology, including developments in packaging, oil 
refining and industrial frying. Since potato chips are subject to both rancidity 
and staling, the early markets were true cottage industries. The first chip makers 
sold their products door-to-door on the day they were made or they were sold 
from barrels at local markets. Therefore, for the market to grow, packaging 
systems that protected the product and provided some shelf life were an 
absolute necessity. When one thinks about it, today's packages, and the 
technology involved in their development, that are used for chips and other fried 
snacks are quite a marvel. They literally utilize "space age" technology to 
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provide consumers with a wide range of flavors, textures and sensations. 
So .... Iet·s look at how some of these technologies evolved to create the industry 
we have today. 

Equipment 

The equipment used in deep-fat frying has changed radically over the years. 
The original potato chips prepared by Mr. Crum so long ago were probably 
cooked over an open fire in a black iron pot filled with oil. Since this was upstate 
New York in 1853, the oil was in all probabilitY tallow or lard. The fry ketUe really 
changed little for almost 80 years. Up until the late 1940's and early 1950's. 
most industrial fryers were really nothing more than large kettles heated directly 
by gas or oil burners. These fryers did their job, but compared to today's 
systems were exbemely energy inefficient and quite dangerous; dangelous from 
a wo\1(er safety standpoint and as a potential fire hazard. The first continuous 
system was developed by Freeman McBeth in 1929 and installed at Ross Potato 
Chip Company in Richland, Pennsylvania. The depression and the onset of 
Wood War 1/ slowed adoption of this new technology, so most opeIators 
continued kettle frying. With the need to expand production, fryer design began 
to change radically in the early 1950's. Manufacturers began to rely more on 
stainless steel and less on black iron. The kettle or batch systems were 
replaced by continuous fryers which allowed production volumes to ire asa 
from a feW hundred pounds to thousands of pounds per hour. 

The same held true for the foodservica industry. When Harland Sanders began 
franchising his Kentucky Fried Chicken, the franchise arrangement included not 
only the Colonel's spicas and recipe, but his pots. The original Kentucky Fried 
Chicken was fried in pressure cookers on the stove top. Today, the same 
product is cooked in commercially manufactured fryers designed specifically for 
the industry. The only place where one finds people frying in pots today is the 
occasional street vendor. I have seen such operations on the stJ eats of China 
and in Egypt where dough and other products are fried and sold directly. 

Many companies have made contributions to the de'lelopment of the frying 
industry, but one company has been a pioneer in fryer developnwlt since 
1950's. This company is called Heat and Control and they have remained at the 
forefront for the past 45 years. With apologies to othenI such as ValdenIug. 
Flo-Mech Umited, Case HeITara and others. this preseillation was pniipEled with 
input from Mr. Andy Caridis, one of the founders of H & C. I WBlIIed to get Mr. 
Coridis' insights on development of the industrial fryers. Mr. Coridis has 
witnessed the many changes which have occurred in this industry. They include 
improvements in materials. control systems, safety systems, heali Ig systems, 
cleaning and accessibilitY, waste and exhaust systems and overall system 
designs. Some of the changes have been as a result of good engineering. 
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whereas others due to trial and error, When Mr. Coridis first became involved 
with H&C, the group consisted of five people, plus a secretary. Everyone got 
their hands dirty when it came to design and actual manufacture of fryer 
systems. 

A new type of continuous fryers was developed in the late 1940's for Crispy 
Potato Chips of Stockton, Califomia; a project with which Mr. Coridis and Mr. 
Clark Benson were inUmate!y involved. The fryer was a double zoned immersion 
tube fired system with a capacity in excess of 600 pounds per hour. As time 
went on and engineers continued to leam, the capacity of these continuous 
systems increased. By 1968, volumes increased to 3200 pounds per hour. 
Today capacities are 5,000 pounds plus per hour. 1986 saw the introduction of 
the first three zone fryer. The multizone systems allow processors greater 
control of the process and therefore, better control of quality. 

Heating systems have evolved from direct fired kettles in which a flame was ~ 
directed onto the kettle to ones in which the heating elements were immersed in 
the kettle below the product zone. Indirect systems utilize a thermal fluid which 
is circulated through heater tubes immersed in the fryer, similar to those in the 
direct systems. The latest systems use extemal heating systems in which the oil 
itself is heated by passage through a heat exchanger. There are advantages 
and disadvantages with each system, but one distinct advantage has been 
increased safety to the workers and from fire. 

Another major change which has occurred over the years involves level control 
in fryers. In early systems, operators watched the level and would manually add 
oil. This was obviously rather cumbersome. With the large volumes of oil 
consumed in continuous systems, designers looked for other means to assure 
that oil levels were maintained. Float valves were used, but they would stick on 
occasion. If they did stick, oil levels could drop exposing heater tubes which 
would create a potential fire hazard. Designers then tumed to air actuated 
valves which provided higher margins of safety. Today, infrared eyes monitor oil 
levels and tell controllers that it is time to add oil. 

Ironically, with all the effort that has gone into the development of new systems, 
the batch or kettle system has made a comeback recently. The kettle-style 
potato chip has a unique texture which has found favor amongst potato chip 
connoisseurs. These products may be produced in betch kettles, but the 
advances in fryer design and the greater understanding of how food fries has 
allowed processors to utilize continuous systems (multi-zone frying) to produce 
products with batch-style characteristics. 

Another frying system that is relatively new in the marketplace is vend frying. 
Inventors have been trying to develop a machine that can be used to sell vended 
foods for some ten to fifteen years with limited success. The early systems 
failed for a variety of reasons. These included poor quality oil, lack of 
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maintenance and a failure to properly clean the units. It 8ppBSrs that people 
have "worked the bugs out, so to speak. Vending systems for fried foods are 
now being introduced throughout Europe. There were four companies who 
exhibited such units at the recent Anuga Show in Cologne. One company has 
been operating for six years, another for 1 % years and the other two are brand 
new players in the market. In speaking with these operators, it appears that they 
have learned some lessons from the previous failures. 

Packaging 

As fryer capacity and the technology needed to make these systems has 
expanded to meet S growing demand for fried snacks, par..fried potatoes, 
microwavable foods, and other fried foods, packaging technology has had to 
grow along with the industry. The first commercial potato dlips were produced 
for local consumption. They were distributed or sold in paper bags, which 
obviously was quite messy, or sold from barrels in the markets. As the industry 
grew, dlanges in packaging became a necessity to accommodate growth. TInS 
were used by many at this time. The first wax paper bags were hancknade by 
Laura Scudders in 1926. Shortly thereafter, some processors began using 
cellophane. With fried snacks, processors needed packages which would 
protect the product (dlips are prone to breakage) from both physical and 
chemicel degradation. Cans and glass jars were and are still used in some 
cases. These provide an oxygen barrier to prevent rancidity, a vapor barrier to 
exclude water to prevent staling, a barrier to light to prevent light induced 
rancidity (cans only) and will protect the products from aushing. These kind of 
packages are heavy and relatively expensive, however. Today, most snacks are 
packaged in films of some sort. The films used for snacks today may 
customized to include any one of the following characteristics; light barriers, 
water vapor barriers, resistance to oil pickup, easy open features, alb active 
graphiCS, and ability to support a ges flush. These packages are generally 
multilaminetes whidl may include plastics and aluminized layers. 

Of course, thare are many other fried bakery and snack products for which 
different packages have evolved. Doughnuts and fried pies are generally fried in 
hard fats which do not weep. They are packaged in boxes or bags which resist 
oil soakage. The latest advances for some per-fried foods are the miaoA8Y8 
packages. Unlike traditional packages whidl protect and contain a prodIlCt, 
these include a susceptor to help focus the heat and assure proper cooking of 
the food, be it a pizza, pocket or pastry. Studies have also indicalad that oils 
used for frying have a tendency to "focus· microwaves helping to asstn paper 
cooking of the product 

Frying Oils 

The types of oils used for frying have changed little over the years. but the 
quality of these oils has d1anged drastically over that time. In the earJy days, 
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chefs and processors used what was available, and learned by trial and error 
what worked and what did not. There was a reason that doughnut bakers 
favored tallows, lards and tropical oils. These products provided them with the 
finished products they wanted. A doughnut fried in a liquid oil does not hold its 
coating and will "weep" oil. The industry has changed in what they use, 
however. In the United States and in other places around the world, tallows and 
lards have been dropped over time in favor of vegetable oils. Today, soybean 
oil is the most common cooking oil in the United States, but many other products 
are also employed. 

In this day and age, most processors demand that their suppliers provide them 
with oils that specifically meet the needs of their products. For example, 
McDonald's requires that the par-fried potatoes prepared for their restaurants be 
fried in a designated "Mac Oil". The change in oil quality and industry attitude 
towards using oils that meet their needs was very succinctly stated by Monoj 
Gupta of Frito-Lay in a letter to the editor of the American Oil Chemists Society 
journal Inform (1994), 

'Oil processors have always handed down the product (oil) to the snack 
food industry. The oil has always been judged to be good by criteria 
chosen by the oil processors.· 

Gupta was basically telling the suppliers to listen to the needs of their buyers. 

As we will discuss in greater detail later, advances in processing and packaging 
technology have increased what is available to the food processor. As an 
example, it has been over 100 years since the technology to hydrogenate oils 
was developed. This technology has allowed oil refiners to modify and stabilize 
oils to meet a range of needs. 

Frying as a Science 

It is only recently that engineers and chemists have begun to conduct research 
to better understand the science of frying. In fact, at a frying short course held in 
1991 at the University of California at Davis, Jim Grob of Frymaster referred to 
frying as an art. It is no longer an art. There has been a great deal of work in 
recent years which has provided new insights into how and why food fries. This 
is not to say that resaarchers have ignored frying in the past. In the early 
1900's, researchers, most often women in the home economics departments in 
mid-western universities conducted some very elaborate studies on frying oils 
and fried foods. Their research was limited by the tools which the~naQ at their 
disposal. The great majority of the research which was done over the years 
focused on the how the oils changed over time. Researchers isolated and 
identified thousands of compounds in degrading oils. Using these data, oil 
chemists developed a fairly good understanding of how oil degrades and what 
compounds could be used as indices of oil quality. What was not done, 



however, was to relate degrading oil to its functionality as a heat transfer 
medium. 

This changed in 1987, when Dr. Michael Blumenthal published a monograph first 
proposing his surfactant theory of frying. This paradigm made an eIfort to 
explain the relationship between oil chemistry and its ability to produce quality 
fried food. The theory made several basic assumptions about food and what 
was needed for frying to OCCII. lhase seven assumptions may be seen in Table 
1. Dr. Blumenthal's theory has been closely scrutinized by his colleagues for the 
past ten years and has found greater favor as time has passed. Another 
researcher doing work on how food fries is Dr. Paul Singh at the University of 
California at Davis. Dr. Singh and his students have been conducted extensive 
investigations on oil as a heating medium. They have shown that the heat 
capacity and ability to transfer heat changes in frying oils as they are used. This 
greater understanding of the heating medium, plus the development of new 
technologies and materials from which fryers can be made may be a step on the 
road towards making deep-fat frying even more efficient. One of Dr. Singh's 
students has continued to work with frying oils in his new position in academia. 
Dr. Brian Farkas is now at North Carolina State and is working to better 
understand the basic engineering principles behind whY food fries. 

SUMMARY 
AHhough frying has been used for thousands of years, it is only in the last fifty 
years or that it has become a mainstay of both industrial and foodaervice food 
preparation. H is used because it is fast, easy to control and yields products that 
have excellent flavor, aroma and textural properties. The c:har'igBs that have 
occurred in the industry have been 8 marriage of the rapid changes which have 
come about in a variety of fields including equipment design, product 
development, ingredient technology, packaging, oil refining, and changing 
demographics. The work being conducted on oil es a heat transfer medit.m by 
Dr. Singh and ottleiS could have far reaching effects on fryer design and how 
oils are monitored, and could eventually make frying a more elficient operation. 
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Maybe Dr, Gertz was not too far off when he said that "everybody believes that 
deep-fat frying had its beginnings in the early 1950's·, 
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Time Une for Deep-Fat Frying 

YEAR 
3,OOOBC 
1,300BC 
1537 
1600-1700 
1853 
1890's 
1897 
1906 
1908 
1926 
1927-30 
1929 
1932 
1933 

1930-1935 

1938 
1948 
1945-1950 

1950 
1950-52 

1950-1955 

1953 
1957 
1958 
1981 
1989 
1970-1975 
1973 

1987 

EVENT 
Chinese fry meat as prelude to roasHng 
HebnIws fry flat breads 
Potatoes introduced to Europe 
French fried potatoes Is cteated 
Potato chip invented in Saratoga Springs, NY by GeoIge Crum 
Potato chip indust!y begins in United States 
Hydrogenation of edible oils invented 
Commercial 01 roasHng of $heiIed peanuts by PIanteIs 
JP 0usIIesues founds Leominster Potato Chip Company 
Laura Scudder's developed first potato chip bag of waxed paper 
Cellophane bagins to be used for potato chip bags 
Clanmce Bin:Iseye develops ..- commen:ial freezing technologies 
Fil$l tOftil1a chips (Doolin and Fillel) In San Antonio, Texas 
Dixie wax paper introduces pre-printed glassine bag. Cracker bene! rnarktIing of 
chips comes to an end 
National Potato Chip Instilule warns consumeIS that chips are not faIIIIIIIng if 
eaten in smaI amouncs 
H.W. Lay Company founds Lay's Potato Chip Company in AIIanIa 
F"1ISt automatic packaging machine for chips developed 
Extruded snaCks inlroduced; 
MacSath introduces continuous immenlion cookeIs 
Under pan fired cookers introduced 
Fryers with external heat exchangers with oil cirwlation Introduced; Pork rinds 
introduced 
Laminate bags with ~ and poiypcopJlene II' 'na 
introduced 
Simplot scientists devetop technique for par-frying potato slices 
Heat & Control introduces "Big Goose, a 1,800 Ib. (apacIy continuous SjSI 1l 
Un!heI develops ..- sIIceIs for potato chip mllllllfaelute 
Frito-Lay merger 
Potato chip controversy develops with Introduc:IIon of P,llIgles and ChIppos 
7,000 lb. capacity fryers introduced 
OGF in Germany proposes regulations beset! 011 Olddlzed faIIy !dis _ 
i8S1aurent frying oils 
Blumenthal publishes swfaclant Iheoiy of frying 
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Some chapters follow,taken from the book 'The olive tree. the 011. the oIlW", published by the International Olive Oil 
Council. These excerpts narrate the history, expanslo and geographical distribution of the olive tree and Its produc;e, 
and show how they have Influenced Mediterranean cubure throught a number of signature dishes from various 
Mediterranean countries. 
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The 011 \ tr ~ 

The origin of the olive tree is lost in time, coinciding and mingling WI h tt-U? 
expansion of the Mediterranean clvBizations '.><{hleh (or centunes governed the 
destinY of m ankind and left their imprint on Wester cul ture , 

Olive le·af fossils hov'e been found m Pliocene deposits at Mongard ;no In Ita y. 
FosSIlised remains have been discovered in strata from ~he Upper Paleolithic 
at the Relilai snai! hatchery in North Afnc.:i! and pieces of wild all e trees a. d 
stones have been ncov€red in excavations of the ChaKohth lc penod and the 
Bronze ,A.ge in Spain. The existence of the olive tree therefore dates back to 
the t'Ne!fth millennium Be. 

The wHd Olive tree origir,ated in Asia r·'Hnor w'here it is extremety abundar'lt 
and gro\-vs in thick forests. It appears to have spread from Syna to Gree.ce 
v ia ,4natolia (De Candolla( 1883) although other hypoth eses pOJnt to fower 
Egypt( Nubia, Ethiopia! the Atlas r.'ounta lns Cr certaIn areas 01 E rope as I S 
source area. Caruso for tt'lat reason believes .t to De Indlgeno s to t e entirE'! 
Mediterranean Basin and conSiders ,Asia Minor to hav'e been th e birt' place of 
the cultivated Olive some six millennia ago, The ,ti.ssyrians and Babyloma s 
were the only ancient Civ ilisations in the area tVf1C were not fami liar with the 
olIve tree, 

TakIng the area that extends from the southern Caucasus to {he Iranlon 
plateau and the Mediterranean coasts of Syria and PalestIne (Acerbo) to be 
the orig inal home of the oli';l'e tree, its cu!tivatlon develope-<1 cons,derab'y 1"1 

these fast two regions! spreading from there to the Island a Cyprus and 01 
towards Anatol la or from the Isfand of Crete towards Egypt, 

In the 16th century Be 
the Pnoenl 'ans 
dlssem. atl 
thrc- gout 
~sles, lat~( i 
to . e Gree 

started 
olive 

Gr-ee:" 
due I ~ 

mal la d 
hetween the 14 ann 
12:tt~! centunes Be her~ 
its cut: ahOn Increase:;;;! 
and gamed graat 
hnportancein the 4th 
century OC wnen 
tssved decrees r29 
ohv e planbng, 

From the 6· century Be 
onwards, th~ ell e spread 
l"hroughout t ; e 

Mediterranean countries reaching TriPOli, Tunis and the slana of Siclly. From tI"Ieret It moved to sout em ta ty. 
Prestor however, maintained that the olive tree in Ita y dates back to three cen udes before the fa of Troy ( 2 
Be) . Ano·her Roman annaHst (PenestreJlo) defends the tracttucna! view that the first olive tr&e wa:$ brought to .tat 
during the reign of LuCiuS TarQuintus Priscus theE!der (616 ~. 578 Be), pOSSibly from Tripoli or Gabas ( uniSla). 
Cultivation moved upwards from south to northr from Calabria to Liguria, When the Romans a ·ved in Norttl AI ca. 
the Berbers knew how to graft wild olives and had reaHy devefop-ed its cutbvatlon th roughout t he territo .e-s they 
occupied. 

The Romans continued the expansion of the oHve tree to' thecountties bordering the Mediterranean, uSing it asa 
peaceful ,.veaponin thei rconque:sts to settle the pe:ople, It was intrnduced in Mars.~mes arc nd600 Be and spread 
from there to the whole of GauL The oHve tree made its appearance in SardinIa fn Roma time'S, he tn Co s{c.a It )$. 

said to have been brought by the Genoese after the faH of the ROfnan Empire, 

Olive growing \\'a5 introduced into Spain during he far/time domfnatio of the Phoe iCfans ( 1050 Be) [) ·t did n • 
develop to a noteworthy extent until the arrival of Scipio (212 Be) a d Rarr:an rule (45 Be). ,er &Ie t ~ : ra ?un iC 

http :..~iw\v,v.intemationa!()liveoi l.org.- _ html·OIt.ree I hlml 



A SHORT mSTORY OF 
FATS AND OILS 

RICHARD F. STIER 
TECHNICAL DIRECTOR 

ALEB PROJECT 
CAIRO, EGYPT 

FRYING: AN 
AN PROCESS 

+ Egypt - As evidenced 
by walJ paintings 

+ Cbjna - 5,000 years 
ago to pre-cook meat 
prior to roasting 

+ Biblical references 

) 
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"And unleavened bread, and cakes 
leavened temper with oil and wafers 
anointed with oil; of wheaten flours 

though shalt make." 
Exodus 29:1 

EDmLEOILS 
.. Early days - Used what was available 
.. Olive oil in Mediterranean 
.. Animal fats in Northern Europe 
.. Palm & soy in Asia and Africa 
.. Hydrogenated oils came into use in early 

:---::I'l10.. 
1900's following invention 

.. Improved refininglblending teclfmil[ju 

.. Egypt today - Olive oil & others proidl:t'l~ed 
from imported crudes 
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EDmLEOILS 
• Flavor carriers 
• Energy 

• Processing - Food 
flavor & texture drive 
tbeprocess 

• Heating ernltaenl~ 
quick cooking 

COOKING OILS 
A LOCAL PROCESS FOR CENTURIES 
• Bakers 
• Cooks 
.. Restaurants/vendors 
.. Home preparation 

3 



INDUSTRIAL FRYING 

• Began in the 1890's \ \ \ II /;; 
• Local industry for many ~ \ / ~ 

years ::::: ::-_ -
• Needed new technologi~ 

to move forward 

GROWTH OF FROZEN 
POTATO INDUSTRY 

UNTIED STATES FIGURES 

YEAR POUNDS OF POTATOES 

1947 3.5 Million 

1972 2.7 Billion 

1988 5.2 Billion 

1994 7.9 Billion 

4 



Growth of the frozen potato 
industry corresponded with the 

development of the oil-blanched 
or par-fried potato by researchers 

at J.R. Simplot in 1953. 

EQUIPMENT 
.. Kettle Systems 
.. First continuous ftyer developed by 

Freeman McBeth in 1929 
.. The system was installed at Ross Potato 

Chip Company in Richland, PA 
.. Development slowed by World War 

s 



ADVANCES IN 
FOODSERVICE FRYING 

.... Open pots to computers 

.... Automation 

.... Built in filters 

.... Safety 

.... Ease of use 

PACKAGING ADVANCES 

... Amphora in ancient times 

... Glass used and still used 

... Fried snacks originally distributed locally 

... Sold door-to-door or in stores in barrels 

... Cans used early & still in use 

... Systems have evolved for different Pf.Q~c:~\\ 
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EDmLEOILS 
.. Suppliers manufacture a 

range of oil products 
.. Customer service is 

increasingly important 
.. Product/process 

development 
.. Customer driven - clear 

bottles 

"Oil processors have always handed 
down the product (oil) to the snack 
food industty. The oil has been 
judged to be good by criteria chosen 
by the oil processors." 

Gupta, M., 1994,1"'orm, 5:5, 
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FRYING AS A SCIENCE 

,----"-h-... ~ Frying research has been in 
' ....... m ••• _' progress for almost 90 years 

Early work was on oil 
chemistry (Academia) 

Industrial research on the 
process 

• Relationships of oil chWiiiiij~ 
to process ignored 

EDIBLE OILS USE 

+ Thousands of years old 
+ Used extensively - great heating medium 
+ Cooking - Yields delicious & desirable 

products 
+ Usage - Expanded with technology 
+ Greatest growth since 1950 
+ Continues to grow despite anti-fat 
+ Fat and fatty foods taste good 
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Processing of Edible Oils 
Processing, Quality" Safety 

By 
M9DOjKGupta 

MG Edible Oil Coualtiag.lat'l 
9 LuDdy'. Laae" RicbardsoD, Teus 75010 
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MAlOR SOURCES OF 
VEGETABLE OILS 

• SEEDS 
- SOYBEAN 
- EDIBLE RAPE 

SEED 
-SUNFLOWER 
- COTTONSEED 
-SAFFLOWER 
-GROUNDNUT 
-CORN 

l.sW\ -

JpJlI-

U$i;jB -

• FRUITS 
-PALM 

- OLIVE 
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TYPICAL OIL APPUCAnONS 

• WESTERN 
HEMISPHERE 
- BAKING 
- lND1IS'I1UALnMNG 
- RISl'AURANT AIOOD 

SERVICIIS 
- COOKING A WAD 

DlU!SSING 
- MAYONJIiIAlSB 
- MAllGARllU 
- SOIlPS 
- INFANTJOIIMIlL4 
- COIFltE CREAMIR 

~." lkJA." ~l -
.... .,,'11 
~

u"u..IwU -
..IfIJI
~

u"u..t r.,iAtJI c)wI -

• ASIA, AFRICA. 
MIDDLE EAST 
- COOKING 
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FUNCTIONS OF OILS IN 
FOOD APPLICATIONS 

• BAKING 
- PROVIDES TEXTURE '" MOJSNESS TO THE PRODUCT 
- ACTS AS A VEmCLE TO INCORPORATE EMULSIFIERS 
- PROVIDES DESIRED MOUTH FEEL TO THE PRODUCT 

• TOPICAL APPLICATION AS SPRAY OIL 
- ENHANCES FLAVOR OF THE PRODUCT 
- ADDS SMOOTHNESS TO PRODUCT TEXTURE 

• FRIED FOODS· 
- PROVIDES FRIED FOOD FLAVOR 
- PROVIDES THE DESIRED TEXTURE TO THE FRIED 

FOOD 
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FUNCl IONS OF OILS IN 
FOOD APPLICATIONS 

(CONT) 
• INSTANT OR PRljPt\BtD PBINKti 

- ACTS AS A'WETI'ING AGENT 
- ACTSASAPIAVORRU'ASlNGAGIl'lT 
- ACTSASAMOtJ1HJlDLBNJL\l'(CIll 

• SAUD DRESSING / SOUlS 
- ADDS SMOO1'BIUSS TO 'llDDRISSING 
- ACTSASAJ'LAVORRItJIASER 

• CANDY/CHOCOLATE 
- ACTSASAJ'LAVORDlBASJNGAGIl'lT 
- PROVIIBS SlllOO1BNISS TO 'lID PIIODUCI' 

• INFANT fOBMIJLA 
- SVWLDIS JISSIN11ALI'AlTY ACIDS TO 1BE JORMlJL.\ 
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OTHER USES OF OILS 

• FOOD APPUCATIONS • NON-FOOD 
- EMULSIFJERS APPLICATIONS 
- CANDY COATING - PAINT(DRYlNGAGENT) 
- PREPARED AND - LUBRICANT 

INSTANTDRINKS - INDUSTRIALSOAPS 
- PREPARED MEALS - FAT'IY ACIDS 
- RELEASING AGENT IN - FAT'IY ALCOHOLS 

CANDY AND BAK1NG - TOILET SOAP 
PROCESS - DETERGENTS 

- SPRAY ON CEREAL - NEWSPRINT 
PRODUCTS - CROP DUSTING 
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World Olive Oil 
Oil Percent of RawOU-veProduction 
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EGYPT OLIVE AREA 
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EGYPT TOTAL VEGETABLE OIL 
EXTRACTION RATE 
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EGYPT TOTAL VEGETABLE OILS 
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EGYPT TOTA.LVEGETA.BLE O'IL IMPORTS 
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EGYPT TOTAL VEGET.ABLE Oil EXPORTS 
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EGYPT TROPICAL OIL USE 
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Processing of Edible Oils 
Processing, Quality It Safety 

By 
Monoj K Gupta 
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MAJOR SOURCES OF 
VEGETABLE OILS 

• SEEDS 
-SOYBEAN 
- EDIBLE RAPE 

SEED 
-SUNFLOWER 
- COTTONSEED 
-SAFFLOWER 
-GROUNDNUT 
-CORN 

• FRUITS 
-PALM 
- OLIVE 
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TYPICAL OIL APPUCATIONS 

• WES'I'ERN 
HEMISPHERE 
- BAJaNG 
- JNOOS'I'ItW. JI'JMNG 
- lDSI"A1lIIANT.:rooD 

SDVK:U 
- COOJaNG. SAIAJ) 

DJlISSING 
- MAYONNAJS& 
- MAIlGAJUNE 
- SOIlPS 
- JlQ'ANTJORMULA. 
- COlIFDCDAMD 

• ASIA, AFRICA, 
MIDDLE EAST 

- INDUSlRIAL JI'JMNG 
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FUNCTIONS OF OILS IN 
FOOD APPLICATIONS 

• BAKING 
- PROVIDES TEXTURE & MOISNESS TO THE PRODUCT 
- ACTS AS A VEHICLE TO INCORPORATE EMULSII!IERS 
- PROVIDES DESIRED MOUTH li'EEL TO THE PRODUCT 

• TOPICAL AlPUCATION AS SPRAY OIL 
- ENHANCES FLAVOR. OF THE PRODUCT 
- ADDS SMOOTHNESS TO PRODUCT TEX11IRE 

• FRIED FOODS 
- PROVIDES FRIED FOOD FLAVOR 
- PROVIDES THE DESIRED TEXTURE TO THE FRIED 

FOOD 
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FUNCTIONS OF OILS IN 
FOOD APPUCATIONS 

(CONT) 
• INSTANT OR PR!jPARED DR!N1CIi! 

- ACTS AS A WBtTJIIIGAGDlT 
- ACTSASAftAVOllllU1..sINGAGJII'iT 
- ACTS AS A MOU'IBPUL BNBANCIIR 

• SAI.AD DRfSBJNG I SOUlS 
- ADDS SMOO1JIIIIJSS 1'0 11DDIIJ!SSDIG 

• CANDY! CBOCOLA'I'E 
- ACTS ASA ftAVOll HI '4SI!!(G AGDlT 
- PJlOVIDIS SMOO'DINISS 1'0 11DPRODUCI' 

• INFANTlOBMlJLA 
- SUWLDS ISSJENTJALPA'lTY ACDlS 1'011D lIOIlMULA 
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OTHER USES OF OILS 

• FOOD APPUCATJONS • NON-FOOD 
- EMllLSD'IERS APPLICATIONS 
- CANDY COATING - PAlNT(DRYlNGAGENl) 
- PREPARED AND - LUBRICANT 

INSTANT DRINKS - JNl)US'TIUAL SOAPS 
- PREPARltD MEALS - FATTY ACIDS 
- RELEASING AGENT IN - FATTY ALCOHOLS 

CANDY AND BAKING - TOJUT SOAP 
PROCISS - DETERGENTS 

- SPRAYONCEREAL - NEWSPRINT 
PRODUCTS - CROP DUSTING 
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BASIC OIL CHEMISTRY 



WHAT IS AN OIL? 

• IT CONSISTS OF: 

- 96 TO 98 PERCENT TRIGL YCERIDES 

- 2 TO 4 PER CENT NON-TRIGLYCERIDES 
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WHAT IS A TRIGLYCERIDE? 

• IT IS A COMPOUND MADE OF : 
- GLYCERINE MOLECULE 
- THREE FATlY ACIDS 

• GLYCERINE IS AN ALCOHOL 
• REACfION PRODUcrs BETWEEN AN ALCOHOL 

AND AN ORGANIC ACID IS CAI.I.ED AN ESTER 

• THEREFORE, TRIGLYCERIDES ARE ESTERS 
(TRIESTERS) 
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FAnY ACID MOLECULE 
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I I I I I I , OR 

H H H H H H H 

B B B B B B B 

I I I I I I I/° 
H-C-C-C-C-C-C- C "-

I I I I I I I OR 
B H B H B B B 



TYPES OF FATTY ACIDS 

• SATURATED 

• UNSATURATED 



SINGLE a DOUBLE BONDS 

· -c -c -c -C - Saturated 

• - C - C = C - C - Unsaturated 

.'I't., - C - C - C - C -

.'1''* .JI. -c -c = c -c -



MOST COMMON FATTY ACIDS 
IN VEGETABLE OILS 

• PALMITIC ACID 
- SATURATED FATTY ACID WITH 16 CARBON ATOMS 

• STEARIC ACID 
- SATURATED FATTY ACID WITH 18 CARBON ATOMS 

• OLEICACID 
- MONOUNSATURATED FATTY ACID WITH ONE DOUBLE 

BOND 

• LINOLEIC ACID 
- POLYUNSATURATIIDPAITY ACIDWI11ITWOOOUBLE 

BONDS 
LINOI,ENlC ACID 
- POLYUNSATURATEDFATTV ACID WlTH THREE DOUBLE BONDS 

~.J:Ul\ ~ 4..JUJI 4J;'~ o':a~':ll 
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NON-TRIGLYCERIDES 

• IMPORTANT nOM TIll STANDPOINT OJ' on.Q1lAUTY 

• MOSTO' TIDSJ: COMPONENTS AU PltBSENTIN 
MINllD AMOUNTS(IN PARTS PElt MILLION), 81lT CAN 
GREATLY IMPACf on. QUALITY.a STABILITY 

• SOMEO'TlDSJ:NON-TJUGLYCDlDJ:sAD DI!SIRABU 
TO MAINTAIN GOOD On.STABIUI'Y. WHILE TIll 
OTBJ:BS AD DJ:1'REMENTAL TO on. Ql1ALlTY.AND 
'I'IBRJ:lIOBJ:, MUST BE REMOVED PROM TIll on. 
TBKOUGB REJ'lNlNG. BLEACHING AND DEODOIUZADON 

~ ,.IJt.I) l.&:t'~ ~.4, ~~ .au,. h· ..... ~
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EXAMPLES OF NON
TRIGLYCERIDES 

• MAJOR 
COMPONENTS 
- PHOSPHOLIPIDS 

(GUMS) 

- FREE FArrY ACIDS 
- DIGLYCERJDES 
- MONOGLYCERmES 

" JW1! ..:.u p..l! 

.:I'l~..,s.Jl -

'~J\".. -
.t.;,.,w ..::.~.)'tlI -

~.:.1;J4 -

• MINOR 
COMPONENTS 
- TOCOPHEROLS 
- STEROLS &; STEROL 

ESTERS 
- VOLATILE MATTER 
- COLOR COMPOUNDS 
- PBYTO CHEMICALS 

IS a4l\ ..:.u p..l! 
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MAJOR NON-TRIGLYCERIDES 

• PHOSPHQUPJD§ 
- 11IISJt AU NA111ItALLY OCCURDIG COMPOUlQ)S, 

COMMONLY JIU1IIlRID TO AS "GUMS" 

• FRJiI F'AJTY ACIDS 
- TIDSE ARE PATrY ACIDS J'OItMED IN TIlE On. IN 

TIlE SEEDS. DUE TO ENZYMATIC HYDROLYSIS 

• MONO & DIGLYCQIDJiS 
- TlDSEARE I'OKMED WIlEN TIlE J'REE PATrY ACIDS 

ARE I'OKMED IN TIlE On. IN TIlE SEEDS. DUE TO 
ENZ'YMATIC HYDROLYSIS 

d'g,:!,'",. -
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TYPICAL CONCENTRATION OF 
MAJOR NON-TRIGL YCERIDES 

• PHOSPHOLIPIDS 
- TYPICALLY REFEIUUtD TO AS PHOSPHORUS. IT'S 

CONCI!NTRATIONVARIESWITB 1HI! TYPE OF On. 

• FREE PATrY ACID 
- 0.5 - I %IN MOST SEED OILS &: OLIVE On. 
- :1 - 5 % IN CRUDE PALM On. (CPO) 

• MONOGLYCERIDES 
- < 0.2·0.3 % IN MOST SEED OILS &: OLIVE On. 
- 1-3 % IN CRUDE PALM On. (CPO) 

• DIGLYCERIDES 
- < 9.4 %IN MOST SEED OILS, OLIVE On. (1-3 %) 
- 3-7 % IN CRUDE PALM on. (CPO) 
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TYPICAL MINOR 
NON-TRIGLYCERIDES 

• TOCOPHEROlS 
- TllESE AU NATUllAL ANTIOXIDANTS PRESENT 

IN 1'11& on. 
• STEROlS &; STEROL ESTERS 

- TllESEAU ALSO NATUllAL ANTIOXIDANTS PRESENT 
IN 1'11& on. BllT NOT COMMONLY DISCVlISED AS MUCH 
AS 1'11& 1'11& TOCOPHEROLS 

• COLOR COMP01JNDS 
- CHLOROPHYLL'S, CARO'I'ENES AND OTHER COLOR 

COMPOUNDS 

• TRACE METALS 
- mONo CALCIUM. MAGNESIUM. COPl'ER. SOME IlltAVY 

METALS 
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DECOMPOSITION OF OILS 



WHERE DOES THE OIL START 
DECOMPOSING? 

• OILS START TO DECOMPOSE SOON 
AFTER THE SEEDS ARE HARVESTED 
AND STORED. 

• MORE DECOMPOSITION OCCURS AFTER 
THE SEEDS ARE CRACKED FOR OIL 
EXTRACTION 

• FOR FRUIT PALM AND OLIVES, THE OIL 
STARTS TO DECOMPOSE IMMEDIATELY 
AFTER HARVEST 
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SEED QUALITY IS AFFECTED BY 

• COOLER OR WARMER 'l'IL\N NORMAL TEMPBIlATtJIlI: 
DORING GROWING SUSON 

• INStIJ'Ji'ICIENT RAIN OR IRRIGATION 
• DROUGHT 

• INSECI' OR MOLD DAMAGB IN 1111: JULD 
• STORAGE OJ' MOIST SUDS IN so..o'S (MOISTUU 

CONTDIT> 12 %) 

• TEMPBIlATtJIlI: IN SD..O'S IS NOT MADlTAIND AT < 45"C 
DIJIlINGSTORAGB 

• STORAGE AT EUVATED TEMPBIlATtJIlI: AND MOISTllU 
LEVEL PROMOTES )'ORMATION OJ'NON-BYDRATABU 
PHOSPBOL1PlDS. THIS INCRJ:ASES UJ'INING DImC1lLTY 
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DECOMPOSITION OF OIL 
NEVER STOPS! 

• THE OIL CONTINUES TO DECOMPOSE 
DURING: 

• THE REFINING PROCESS 
• STORAGE, BEFORE, DURING AND AFl'ER REFINING 
• LOADING & TRANSPORTATION 
• UNLOADING & STORAGE AT THE DESTINATION 
• DURING FOOD PROCESSING, PACKAGING, 

WAREHOUSING & DISTRIBUTION 
• ON RETAIL STORE SHELF 
• AT CONSUMERS' HOMES, UNTIL THE FOOD IS 

CONSUMED 
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MODES OF OIL 
DECOMPOSITION 

·OXIDAnON 
- AUTOXlDAnON 
- ENZVMAnc OXlDAnON 
- PHOTOOXlDATION 

• HYDROLYSIS 
-ENZVMAnc 
- METAL CATALYZED 

• THERMAL DECOMPOSInON 
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ENIMIES OF OIL 

• AIR (OXYGEN) 
• WATER 
• HEAT 
• LIGHT 
• ENZYMES 
• CHEMICALS 
• TIME 
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AUTOXIDATION 

- TInS IS ONE OF TIlE PRIMARY, IF NOT 
"TIlE PRIMARY" SOURCE OF OIL 
DECOMPOSmON 

- DEVELOPMENT OF AN "OFF·FLA voa" 
OBSERVED IN TIlE OIL AS WELL AS IN 
TIlE FOOD PRODUCT CONTAINING 
TIlE OIL IS DUE TO OXIDATION OF 
TIlE TRIGLYCERIDES AND TIlE FREE 
FATTY ACIDS 
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CONDITIONS LEADING TO 
AUTOXIDATION 

- AUTOXIDATION REOUIRES: 

- AN INITIATOR, TYPICALLY A METAL ION, 
SUCH AS IRON, NICKEL, COPPER, ETC. 

- FORMATION OF FREE RADICALS FROM THE 
UNSATURATED FATTY ACIDS 

- PRESENCE OF OXYGEN 
- mGIIER TEMPERATURE ACCELERATES THE 

REACTION 
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ENZYMATIC OXIDATION 

• UPOXYGENASE, A TYPE OF ENZYME IS 
PRESENT IN MOST OIL SEEDS AND OIL 
BEARING FRUITS 

• UPOXYGENASE PROMOTES OXIDATION IN 
THE OIL lUST UKE THE CHEMICAL 
OXIDATION PROCESS 

• THESE ENZYMES ARE MORE ACTIVE WHEN 
THE TEMPERATURE IS 45°C TO 60°C 

• THE REACTION REQUIRES THE PRESENCE 
OF OXYGEN 
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PHOTOOXIDAnON 

- PHOTOOXlDATION TAKES PLACE ON 
UNSATURATED FA1TY ACIDS, IN 
PRESENCE OF VISIBLE OR 
ULTRAVIOLET LIGHT 

- PHOTOOXIDATION REACI10NS ARE 
OF TWO TYPES: 

- PHOTOCHEMICAL 

- PHOTOSENSITIZED 

.JI.l ~.aI ",:GI,:a.'i\ ~ ~.,... ,~ ~
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TYPES OF PHOTOOXIDATION 

- PHOTOCHEMICAL REACTION IS INlTIATJ:D BY THE 
FORMATION OF A FREE RADICAL IN PRESENCE OF 
ULTRAVIOLET LIGHT. THE REACTION PROCEDES AT 
THE SAME RATJ:S AS AUTOXIDATION. 

- PHOTOSENSITIZED REACTION TAKES PLACE IN 
PRESENCE OF THE VISmLE LIGHT. A 
PHOTOSENSITIZER, LIKE CHLOROPHYLLS AND 
THEIR DECOMPOSmON PRODUCTS INlTIATJ: THE 
REACTION. CHLOROPHYLLS ARE PRESENT IN 
CERTAIN TYPES OF OIL OR IN THE FOOD PRODUCT 
PREPARED WITH THE OIL. TIllS REACTION 
PROCEDES 
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AUTOXIDAnON VERSUS 
PHOTOOXIDAnON 

• A1JTOXIDATION AND PBO'I'OCBDIICAL REACl10NS 
PROCUE AT TIll: SAMJ: RATE 

• PHOTOSENSITIZED BEACl10N IS 158& TIMlI:S J'ASTUl 
THAN AIlTOXlDATION 

• IN A1JTOXIDATION. TJU D01lBLE BONDS IN UNOLI:IC 
ACID AND UNOLENIC ACID BECOMI: CONJUGATED 
BDDU TIIJ: REACl10N 

• PHOTOOXlDATION IS NOTPUCEDJ.D BY 
CONJUGATION 

• TIll: TWO REACl10N MECBANISMS PRODUCI. 
DISTINCTLY DJI'lI'RENT UACl10N PRODUcrs. 
'I1IJ:RUOu:. TIll: MKCBANlSM OJ' OXIDATION CAN BE 
DBTERMIND PROM TIIJ: COMPOSmONS OJ! TIIJ: 
REACTION PRODUcrs. 
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PREVENTION OF 
AUTOXIDATION 

• MINIMIZING EXPOSURE TO OXYGEN 
• REFINlNG THE OILS TO VERY LOW TRACE METAL 

CONTENTS 
• MAINTAlNlNG LOW TEMPERA TUBE OIi'STORAGE 
• USING NATURAL OR SYNTHETIC ANTIOXIDANTS 
• BY REDUCING UNSATURATION VIA 

HYDROGENATION 

- AS MENTIONED ABOVE, AUTOXIDATION CAN BE 
MINIMIZED BUT CANNOT BE STOPPED 
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PREVENnON OF 
PHOTOOXIDATION 

- LID AUTOXlDA11ON,PBOTOOXlDADON CANNOT_ 
STOPPED COMPLETELY. IT CAN_ MDOMIDD BY: 

- ELIMINADNG 1111: S01lRCI! 01' LIGHT BY 
PACKAGING 1111: PRODUcr IN MJ:TAL CONTAINUtS 
OK MJ:TAU·IZJ1.D nLMS 

- MINIMIZING 1111: PBOTOSENSD1ZltRS PRJ:SDIT IN 
1111: OIL OKIN 1111: ft)()D PRODUcr ' 

- PBOTOOXlDADON CANNOT_ UTAIlDD BY USING 
ANDOXIDANTS. IN SOMJ: c.ur.s, 1111: 
ANDOXIDANl'S BECOMJ: PRO-OXIDANT 

- CEIlTAIN COMPOUNDS, CAU.J:D QUENl'IIUS CAN 
JlJ:TAIlD PBOTOOXlDA11ON. 1BJS BAS LIMITED 
V ALUJ: BECAUSE MOST QUENl'IIUS IMPART 
UNDESDtABLJ: n..AVOK TO THE PIlODUCf 

~ UIiaI ~ ".i di,~ ~ ~ ~"..... L.$

:yIII ."... .;. '*"" J1M (fo., ~ ,t..I..i ~.,..... 

) ~ ~ .) eu.I ~ ~.JI • .,..-1 .,,-.. u- u...l:i:lI -
~C:;U.J 

eu.I .) ) .:.0' .) I.l.".."... .;..,..-1 ~ J.J.".. u- tJi...l".iI -
,;.u;.t 

.) .~ .:.I".;,. ~ {JI> -¥.,..... I.l......&".iI "....aI:i .... . .... -
i.l..s::1Il.»t- J.J.".. ~ , ..... ;,. ~ .:.~ IJloaf 

........ ~ r ~ .;s .:::.pJ J.J.".. ~ u.Jlll .;s .:.I.p"'" IJloaf .h -
u".i I~ I.l,- 4 .:.I.p"... .!II:;! WSu .~.,..... ~ ~ 

~~;.~~~ 



WHERE DOES OXIDATION 
OCCUR? 

• IT STARTS FROM THE MOMENT THE SEEDS ARE 
BARVESTEDANDSTOREa DECOMPOSnnON 
INCREASES AFTER THE SEEDS ARE CRACKED FOR 
OIL EXTRACTION 

• FREE RADICALS ARE FORMED WHENEVER THE 
UNSATURATED FATTY AcmSARE EXPOSED TO 
TRACE METALS, OXYGEN. LIGHT, AND HEAT 

• OXIDATION OCCURS DURING OIL PROCESSING, OIL 
STORAGE, TRANSPORTATION, UNLOADING &: 
STORAGE AT THE POINT OF USE, FOOD PROCESSING, 
PACKAGED PRODUCT, IN STORAGE WHETHER 
FROZEN OR NOT 

• THEREFORE, IT IS IMPORTANT TO MINIMIZE THE 
FORMATION OF THE FREE RADICALS AT EVERY STEP 
OF OIL HANDLING AND ITS USAGE 
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HYDROLYSIS 

- HYDROLYSIS OCCURS WIlEN A MOLECULE 
OF WATER REACTS WITH THE 
TRIGLYCERIDE MOLECULE AND RELEASD 
A MOLECULE OF FREE FATIY ACID 

- FATIY ACID + HOH '" DIGLYCERIDE + 
HeOOH 

- DIGLYCERIDE + HOH'" MONOGLYCERIDE + 
HCOOH 

lI.,Jt. e-a ,. ..... c)A lI.,Jt. JpW", t....sJr:. ~ cJ!.lI ~
.J'IIo r"i'J u&oIa c)A lI.,Jt. ~ .IjJf''1lI,.1 ~ 

- FArrY ACID + HOH == DIGLYCERIDE + 
HCOOH 

- DIGLYCERIDE + HOH == 
MONOGLYCERIDE+ HCOOH 



MECHANISM OF HYDROLYSIS 
(CHEMICAL) 

• OIL AND WATER MUST BE IN PERFECT SOLUTION 
FOR HYDROLYSIS TO OCCUB.IN THE OIL 

- THIS REQUIRES A SURFACTANT (EMULSIFIER) OR 
VERY mGH TEMPERATURE 

- EMULSIFIER CAN COME FROM: 
- THE OIL-PHOSPHOLIPIDS, MONO.,. DIGLYCERIDES 

- THE FOOD -BATTER COATINGS CONTAINING MONO 
& DICALCIUMPHOSPBATES 

- SOME OF THE OIL BREAKDOWN PRODUCTS THAT 
ARE FORMED, ESPECIALLY DURING FRYING ARE 
SURFACE ACTIVE BY NATURE 
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SPECIAL REQUIREMENTS 
FOR FRYING OIL 

• HYDROLYSIS OF On. IS AN ISSUE IN TIll: 
FRYING PROCESS 

• INCREASE OF:FREE FATlY ACID IS NORMAL 
IN 1'111: FRYER On. DURING FRYING 
PROCESS, BA1TER COATING MAY CAUSE A 
MORE RAPm RISE IN:FREE FATlY ACIDS IN 
1'111: FRYER On. 

• TIO:REF'ORE, FRYING On. NEEDS A TIGHT 
SnClFICATION FORA PHOSPHORUS 
CONTENT IN 1'111: FRESH On. « 1.0 PPM) AND 
IRON,CA.LCIUM OR MAGNESIUM 
CONTENTOF < 0.5 PPM, EACH 
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ENZYMATIC HYDROLYSIS 

• LIPASE IS AN ENZYME PRESENT IN ALL 
OIL SEEDS AND OIL BEARING FRUITS 

• THESE ENZYMES ARE ACTIVATED AT 
TEMPERATURE OF 45°C TO 60°C 

• IN PRESENCE OF HIGH HUMIDITY, 
LIPASE CLEAVES THE -COOH GROUP AT 
THE END OF TRIGLYCERIDE MOLECULE, 
LIKE IN THE CHEMICAL HYDROLYSIS 
PROCESS 
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CONDITIONS CONDUCIVE 
TO UPASE ACtIVITY 

• HIGH TEMPERATURE (> 45°C 
AND < 60°C) 

• HIGH HUMIDITY 



THERMAL DECOMPOSITION 

• OIL STARTS FORMING FREE 
RADICALS AS SOON AS IT IS 
HEATED TO HIGH TEMPERATURE 

• THESE FREE RADICALS LEAD TO 
THE FORMATION OF THERMAL 
POLYMERS 
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TIME FACTOR 

• nME OF STORAGE FOR SEEDS, OIL 
BEARING FRUITS AS WELL AS THE OILS, 
CAN BE A MAJOR FACTOR IN 
DETERMINING THE QUALITY OF THE OIL 
PRODUCED 
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IN SUMMARY 

• QUALITY OF OIL STARTS WITH: 
- QUALITY OF SEEDS OR OIL BEARING 

FRUITS 
- PROPER EXTRACTION 

- PROPER HANDLING OF CRUDE OIL 
- PROPER REFINING, BLEACHING, 

HYDROGENATION, DEODORIZATION, 
STORAGE & DISTRIBUTION 
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PROTECTION OF OIL 



WHY PROTECT OIL ? 

• TO PRESERVE OIL (OR FAT) FLAVOR 
• TO PRESERVE FLAVOR OF THE PRODUCT 

FORMULATED WITH THE OIL 

• TO MAINTAIN SHELF-UFE OF THE OIL 

• TO IMPROVE PRODUCT SHELF-UFE 
• TO MAINTAIN PRODUCT CODE-DATE 
• TO IMPROVE PRODUCT CODE DATE 
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HOW ARE THE OILS 
PROTECTED? 

• OILS ARE PROTECTED THROUGH: 
- PREVENTION OF OXYGEN EXPOSURE 
- UNDUE EXPOSURE TO HEAT 
- FOLLOWlNG PROPER PROCEDURES DURING 

HANDLING OF CRUDE On... REFINING, 
BLEACHING, HYDROGENATION, 
DEODORIZATION, PRODUCT STORAGE AND 
DISTRIBUTIN 
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HANDLING CRUDE OILS 



HANDLING CRUDE OIL AFTER 
CRUSHING 

• CRUDE OIL MUST BE FILTERED IMMEDIATELY 
AFTER EXPELLING AND/OR EXTRACTION 

• THE OIL MUST BE COOLED TO <4QOC BEFORE 
STORAGE 

• THE OIL MUST BE DISCHARGED AT THE BOTTOM 
OF THE STORAGE TANK, NEAR THE FLOOR TO 
AVOID AIR ENTRAINMENT 

• TEMPERATURE OF OIL IN STORAGE MUST BE 
MAINTAINED AT <400C 

• DURING LOADING CRUDE OIL IN A TANK TRUCK, 
THE LOADING LINE (BOOM) MUST BE PLACED 
JUST A FEW CENTEMETERS FROM THE FLOOR OF 
THE TRUCK TO AVOID AIR ENTRAINMENT 
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UNLOADING It STORAGE OF 
CRUDE OILS 

• IT IS RECOMMENDED TO DO THE FOLLOWING: 
- CRUDE OIL DISCHARGE MUST BE LOCATED AT 

THE BOTTOM OF THE TANK, PREFERABLY 
THROUGH A SUMP 

- THE TANK HAVE A MECHANICAL AGITATOR. 
THAT IS AUTOMAllCALL Y SHUT OFF WHEN THE 
OIL LEVEL IN THE TANK DROPS WITHIN ONE 
METER OF THE llP OF THE AGITATOR BLADES 

- THE SEDIMENT AT THE BOTTOM OF THE TANK 
MUST BE REMOVED ONCE A YEAR. THOROUGHLY 
CLEANED BEFORE FILLING IT UP WITH FRESH 
CRUDE OIL 

- CRUDE OIL IN STORAGE MUST BE USED UP AS 
QUICKLY AS POSSIBLE 
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ANALYSIS OF CRUDE OILS 
DURING STORAGE 

• CHECK PEROXIDE VALUE, ANISIDINE VALUE AND 
FREE FATTY ACID IN THE CRUDE OIL, AT LEAST 
ONCE A WEEK 

~JlI uAoL..II.j ~"iIJ J,j.wo$JJ:HD f+oI' ~ ~ -
fWl ~ c) ,.pJI 



PROCESSING VEGETABLE OILS 



VEGETABLE OIL REFINING 
SCHEMATIC 
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FUNC lIONS OF THE 
PROCESSING STEPS 

• CAYmC WATlflNTA ClNDllllGlfG 
• RmUCllSJIlWtFAlTY ACIDS, PII~ 'I1L\CE 

METALS, COIDll BODDlS, OIL OXIDATION 1M'RODUC1'S 

• WAIIR WA!!IIING 
- RBDUCIIS THE SOAPPRODUCID IN CAUSTIC RD'INING 

· 'I'Nl'I5 
- RmUCllSPHOSPIIOUPIIlS, TRACE METALS, COIDllIlODDS 

AND 0IL0XIDA.1IONPRODUcrs TO VERY LOW VAWIS 
• BYDR9GBNADON 

- RBDUCIIS UNSATURAT:ID lI'AlTY ACIIIS, INCDASIS 
OXlDA11VJ!: STABW1Y Oll'lBB OIL, PRODUCJIS 1'JWIIS 
lI'AlTY ACIDS 

• 1!I9J!QJI?:!TI9N 
- MAIi'J!S THE OIL OI)OIIJ .... _ITS JIEI) COLOR AJIIII CAli 

PRODUCETRANBI'AlTY AcmB (TOAMUCllLUSIIIlDllGllltlt 
TIIAN THE PROCI!SS or II\'JIROGENATIOIIO) 
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DEGUMMING 

OILS ARE DEGUMMED TO OBTAIN BETTER 
REFINING RESULTS AND OIL STABIUTY 
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TYPES OF PHOSPHOUPIDS 

• HYDRATABLE 
- CAN BE REMOVEO FROM THE CRUDE OIL 

BYWATER 

• NON-HYDRATABLE 
- REQUIRES TREATMENT WITH PHOSPHORIC 

ACID, CITRIC ACID OR MALEIC ACID TO 
REDUCE THE LEVEL IN THE CRUDE OIL 
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WATER DEGUMMING PROCESS 

• IN THIS PROCESS THE CRUDE OIL IS MIXED 
INTIMATELY WITH DEIONIZED WATER IN A 
TANK WITH A MECHANICAL AGITATOR, 
TEMPERATURE=60o - 65°C. THIS IS CALLED 
WATER DEGUMMING 

• HYDRAT ABLE PHOSPHOLIPIDS PRECIPITATE AND 
ARE SEPARATED IN A CENTRIFUGE 
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ACID DEGUMMING PROCESS 

• SOMETIMES TIlE OIL IS FORmER TREATED WITH 
PHOSPHORIC ACID TO REDUCE TIlE NON
HYDRAT ABLE PHOSPHOLIPIDS. THIS IS CAl I.ED 
ACID DEGUMMING. THIS IS NEEDED IN SOME 
POOR QUALITY SEED OILS 

«J..;w dJu,i...,d ~ .:...JI J ,'" rl--4 t:J....F..'II ~.,...-i -
2.lIJ ~..,..... t.. Il.l., , .. ~ JbJII ~ .>--.P .:J~;"""~ 
tlji\ <JOMf.) ~ ~.!It~., ~ J,l. eII.lI.,...s..I 

JjJ:jt u- 1 .• Iit .... ~,...u J. ''';';!. .:..JiJI 



Production 

Obtaining virgin oils 

The olive tree is typical of the Mediterranean area ... it 
needs • lot of sun and a _ eha",oteriIoed by mikl 
winters, rainy autumns and springs, and wann, dry 

Olive trees growslowiy, They uauaIIy bear fruit 5-10 years 
afterthey are planted and are not fully de\IeIoped until they 

years old, They are most mature and fuRy 
productive beIwoen the _ of 35 to 100-150, Aftertllat 

the _ get okIand their performa"ce is irregular, 

Olive oil is obtained In the following steps; 

1. HarveIIIIIg IIIe fruit 

_1Iower In spring and the fruit m.ts to form and then to 
, changing from g.- to black, beIwoen the summer and the 

the autumn I beginning of the winter When haMStIng takes 

Olivee can be picked by hand, or beeIen from the trees (wilt! long, 
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Production 

• high production capacity, which avoids having a stQek of oIive& and therefore ___ the 
or. quality 

• In the 2 phase plants. IIICYCIlng the vegetable water means the oil has • larger quanll\y of 
poIyphenoIs. natural proteclDos agaInst_ 

6. Storage 

The oil obtained Is stored In _ or ~ until ft 
Is marketed, 

room Is a place where the wells and 
InsuOlle '1g8lrost high ternperalunls and which 

• ~=:;::~~=:_~ to the 011. The Ideal 15 and 18' C to allow the oils to 
There must not be much light. 

The material of the sIonIge conIainel$ must be Inert (vHrifi"" !lie, ___ , glass 
poI)'ester fibre, etc.). Imn or copper must _ be uaad, aa they _rage oxidation. 

ObIalning IIOft.¥IrgIn oils 

Due to _ <>OndIIioIiI. the type of soli and faults In the _oned .,......... vlrgln 
oils can haw several defects. such aa high acidity. alllnmge colour or aroma, e1c. which 
_ them unsuil'able for hUman consumption (they.re called "lampanle oiIs"). This means 
they haVe to undergo a refining process to eHminate defects. There are two types of 
pice as: 

1, C"," .rlm rtJinIng 

..neub B Ithh 
-ng 
.-Jaation 

2. PIJDI!:aI ndlnlng 

Kis dIfIarent from the previous method aa acid water Is uoad ~ of soda to purllY the 011 
and the temperature ill higher. 
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OLIVE OIL 

SINGLE PRESS METHOD 

~ 
I NIXJNG I 
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IMPORTANT VARIABLES 

TYPE OF OLIVE 
MATURITY OF THI!: OLIVES 
TRAl'ISPORTATION'" STORAGE OF OLIVES 
METHOD 011. TYPE OF ClUJIIIIlNG 

- STONJI VI MJ:CHANJCAL GIUNIlIl'IG 
- JX1'EJ'IT 0>' GIUNDING 

MlXINGTIME 
- LBNGmontOONG 
- 1'IIMI'ItRATtJIUI 

• PRESSURE IN THE PRESS 
- BlNGL PRESS 
- IlOUBLIIPRlISS 

Rl!SmENCII TIME IN THI!: PRESS 
POROSITY OF THI!: BIlD CREATI!D BY THE GROUND U1' STONllS FROM 
THI!: OLIVES 

TYPE & MATURITY OF OLIVES 

• TYPE OF OLIVES AS WELL AS THEIR MATURITY IMPACl' 
THE QUALITY AND YIELD OF OLIVE OIL 

• V AlUOUS ME'lHODS HAVE BEEN PROPOSED TO DETERMINE 
THE MATURITY OF OLIVES BY ANAL YZlNG THEM IN THE 
OLIVE PASTE: 

• RATIO OF ABSORPTION AT WAVE LENGTHS OF 66Snm AND 
S25nm 

• TOTAL VOLATILES 
• MALEIC ACIDICl1RIC ACID RATIO 
• IOOC (INTERNATIONAL OLIVE OIL COUNCIL)ME'lHOD TO 

ASSESS MATURITY 
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TRANSPORTATION -& STORAGE 
OF OUVES 

• CRAlESPOR T.RANSPORTATIONOFOLIVESCANVARY 
FROM 2S-KG TO 2SO KG 

• MA1URE OLIVES ARE BEST TRANSl'ORTED IN SHALLOW 
CRAms, wrm IS - 30 eM DEPTH AND STORED UNTIL 
CRUSHED IN COOL CONDrrION 

• FREBFATTY ACID INCREASES RAPIDLYIN nmOLIVES 
DURING STOrAGE 

• SOMEOFnmAROMAllC COMPOUNDS DIMINISH 
• POL YPHENOLS IN nm OIL ARE REDUCED 
• nus IS WHY nm OLIVES MUST BE CRUSHED wrmIN 

24 HOURS AP'IER. HARVESTING 

looe METHOD FOR THE 
DETERMNATION OF MATURATY 

• TAJa! 100 OLIVES 
• CALCULATB MATUlUTYUSINO nm FORMULA 

- «-_"'+(1 .. ,)+(10..,+-+ (7 .... 'l.1VJIDI, 
- I-OUVII8WlT11 __ c:ouHl 

- 1-0UVII8 WlTIIYIU.CJWIBII GIUrDI c:ouHl 
- J -OUVII8WlT11Y1U.CJW1B11 c:ouHl WlTII ....... _ 

- 3-OUVII8WlT11_OR LIGBI'~IIICIN c:ouHl 
- 4-OUVII8WlT11I11..ACXIIICIN IAl'I' __ 

- 5-OUVII8WlT11lLAatlllClN ANDTIU _1B~.1IAlI 
WAYTJIIIOIlGII 

- ti-OUVII8WlT11I11..ACX IIICIN c:ouHl ANDTIIB fLlIIIIWlTII~ 
c:ouHlALMOll'l'TJIIIOIlGII 

- 1-OUVII8WlT11I11..ACX IIICIN AND COMI'LlI:TBLY III..ACX fLlIIII 

• nm DIlSlREDMATUlUTY IS: S 
• nus IS NOT A PI!l!FBT APAlOACH 
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EFFECT OF STORAGE 
(OLIVES STORED AT ROOM TEMPERATURE, 10 • 15 eM DEEP) 

OUVII .. ,.. ..... "'1"lY .. """"'" _UII_ ...... roTA!. 
v ........ or """' .. VA.W1: TIC ........... VOLATlLIO 

UT'IIACTlON otZlCACID ZVALUAnOff (PPM) (PPM) .. 
-,,. ... .. '. .... --NOV,,. ... U .. ... " .. POe. .. an U .. •• ,., . 

DRlTfA ll<C.1I U. 'M .. 16 ... 
n£C. " 

1M .... .. ... 17 .• """,. ... .. .. nw:s 17.' ..... " ... . , ... ..... c • ,.' -... au .. ,~ ... ".. 
HOV.» ... Of ,,' ., .. ,.,. 
DO"" .... .. ,. .... .... 

LIICCJHO POc.U .... •• u U" ... 
ooc,11 .,. .. •• ,OJ ... ... , .. .'" ., •• .. .... 
JA1f." '5O •• •• .t • • 

GRINDING & MIXING 

• GRINDING OPENS UP TIlE CELLS WHERE TIlE OILS ARE 
• FINER GRIND RELEASES MORE OIL 
• FINER GRIND OF TIlE STONllS ALLOWS BETTER PERCOLATION OF 

TIlE OIL 
• FINER GRIND CAN ALSO CAUSE EMULSIFlCATION, THIS IS WHY 

TIlE MIXING STEP IS NECESSARY 
• TYPICAL MIXING TIME -10 - 20 MINUTES FOR TIlE PRESSING 

PROCESS 
LONGER MIXING TIME CAN PRODUCE LARGER DROPLETS OF OIL 
WIDCHCAN SEPARATE BETTER FROM TIlE VEGETATION WATER, 
IN TIlE CENTRIFUGAL SEPARATION PROCESS 

• LONGER MIXING TIME CAN IMPROVE YIELD OF OIL 
• HIGHER TEMPERATURE AT MIXING CAN INCREASE OIL YIELD 
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EFFECT OF MIXING 

• ArI'IB C!!1N1m!G 
• DIANETER OF OIL DR.OI'S 

BETWEIlN: 

- 1S.3OMlCllONS 18" 
- 30-45 MICRONS 18" 
- 45-75 MICRONS 18" 
- 7S.ISOMICRONS 19% 

- >lSOMICRONS 25" 

• ArI'IB MI!I!!9 
• DIANB1ER OF OIL DR.OI'S 

BETWEIlN: 

- 1S.3OMlCRONS 49" 
30-45 MICRONS 21" 

- 4S. 7S MICRONS 14" 
- 7S.ISO MICRONS 4" 
- > ISO MICRONS 6" 

EFFECTS OF MIXING TIME ON OUVE OIL 

• Ol.IYES,J:ASYTO 
BANDY 

• PER. CENTYlELD VB 
MIXING 11MB: 
- 82" AFTIlR 15 MINUIES 
- 13 "AFTIlR 30 MINUIES 
- 84 "AFTIlR45 MINUIES 
- 85 %AFTIlRtiD MINUIES 
- 88 "AFTIlR 90 MINUIES 

• REDuces 11IB PHENWC 
COMPOUNDS IN 11IB on. 

• 0l.IYES IIAIID TO 
BANDY 

• PER. CENTYlELD VB 
MIXING 11MB: 
- 73" AFTIlR IS MINUIES 
- ~AFTIlR3O MINUIES 
- 8O"AFTIlR4SMINUIES 
- 81" AFTIlR tiD MINUIES 
- 13 "AFTIlR 90 MINUIES 

• REDUces 11IB PHENOLIC 
COMPOUNDS IN 11IB on. 

s 



EFFECTS OF MIXING TEMPERATURE 
ON OUVE OIL 

• OLIVES, EASY TO 
HANDLE 

• PER CENTYImD vs 
MIXING TEMPERATURE: 

81 % AT 150C 
- 82%AT2G"C 
- 84%AT25OC 
- 86%AT3OOC 
- 88%AT35OC 

• REDUCES PHENOLIC 
COMPOUNDS IN TIlE OIL 

• OLIVES BARD TO 
HANDLE 

• PER CENTYImD VS 
MIXING TEMPERATURE: 
- 75% AT I SOC 
- 76%AT2G"C 
- 7H"AT2SOC 
- 79%AT3OOC 

82%AT3SOC 

REDUCES PHENOLIC 
COMPOUNDS IN TIlE OIL 

EFFECT OF PRESSURE 

11& uu. tNKGIIQ.CK 

......... ... .0.7 

.......,.. 
AMOUNI" (XQII" JOl <:JI' 0LrVIS) " .... 
"0IS'J'UMll.. .. .... .... 
on." 4. ... 
OIL. KOOOO mQFOLJVSS U U 

VlGl:fA,1'JONWA'fU 
on. (0IWISILITI!Il ... 11 
OIL (KG'lOO KG Of 0L1V'BS) ... . .. 
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DOUBLE PRESSING 

• 'IHIS PROCBSS IS STILL FOLLOWED IN SOME 0PERA11ONS 
• OIL IS lU!MOVED FROM mE CRUSHED OLIVBS AT 100 - 150 

KGISQ.CM PRESSURE 
• mE POMACE PROM mE FIRST PRESS IS REGROUND IN 

STONE GRINDl!R 

• mE REGROUND POMACE IS PRES<!EO UNDER PRESSURE 
400 - 450 KGISQ.CM 

• mE OIL IS VERY GRBEN IN COLOR 
• 1HE OIL ALSO HAS DIPPERENT ODOR AND FLAVOR mAN 

1HE OIL FROM 1HE FIRST PR:I1BS 

IMPORTANT VARIABLES (CONT) 

• TYPtiAND nmDBGREJ!MATUlUTY Ol' 0LtVBS DBtIIIUoONI! nm 
OIL YIIlLD, QUALITY AND l'LA VOlt 

• IT III BIlLIBVI!D l'HATMBCHANICAL GIIINDING lllNDS lOMAD 
nmOIL BIllER, STIlONG£R.AND SOME11NIiS SI'ICD!Il(ORINDINO 
l1!NPIlRATURE: 1 ... I9DC 

• MIXING TlMEINCRBASBS nmOIL YlliLD. lTCAN ALSOAFPBCT 
nml'LA VOlt lOA DBGREE (MIXING TIME: 101020 YINUl1!S) 

• PRESSUlIl! AND RESIDIlNCB TIME iNnmPllliS INCRBASIlS nm 
YlliLD. tHIS CAN ALSO INCREASE nm VOLAllLEMA1TER.AND 
REDt1CE 1HIi PHENOUC COMl'OUNDS 

• FlNIlll ORIND Ol' nmSTONES INnm 0LtVBS INCRBASIlS 
POROSITY Ol' 1HIiBED AND IYPItOVES nm YlliLD 

7 



CENTRIFUGE METHOD 

lWA8HING "'UAFREMOVALI 

• I CRUSHING I 

• ,----..... I MIXING I 
~W~AT~m~ ! 

....-----IDECANTATIONATIONI---,. I 
I POMACe I 

~'ISKPARATION I 

OIL I --::;:ON I 

CENTRIFUGE PROCESS 

• TIlE PROCESS HAS CAPACITY RANGING FROM 0.5 TO 4 
TONS OF OLIVE OIL PER HOUR 

• USUALLY, A LARGER CAPACITY IS DISCOURAGED BY TIlE 
EQUIPMENT MANUF ACfURERS 

• TIlE PRODUCTION RATBCAN ANDMUSTBEVARlED 
DEPENDING ON TIlE EASINESS OF HANDLING PROPERTIES 
TIlE OF OLIVES 

• IMPORTANT VARIABLES: 
- VARIETY & MATURITY OF OLIVES 
- CRUSHING, GRINDING AS DESCRIBED EARLIER 
- AMOUNT OF WATER ADDED IN THE OLIVE PASTE 
- TEMPERATURE OF THE WATER ADDED 
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IMPACT OFVARfOUS FACTORS ON 
OLIVE OIL QUALITY 

• MATllRJ'lY OF 11IE OLIVES 
• VARlB1Y 
• HARVESTMB'lROD 
• TRANSPORTATION 4 STORAGE 

30% 
2.0% 
OS% 
1S% 
30% • METHOD OFEXTRAcrION 

GRADES OF OUVE OIL 

-- - - - ------ ............ ... ........ - .,.... .......... -- ---- ... -.....,. I • U ... U ... -........ -v_ 
» " » • " • --"OUT ..... ..... . .... • UI .... .... -.. ...... U_ U_ U_ U_ ... - U_ .. .......... _na .. -- U_ ... - U_ -- -- ---

.,.... --.... 
U 

" 
.Ut 

...-
--
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ADDITIONAL PERINENT QUALITY 
INFORMATION 

• ADITIVBS: 
- NONE PERMITTED IN THE VIRGIN OILS 
- ALFA TOCOPHEROLS MAY BE ADDED TO REFINED OILS, ALLWING 

A MAXIMUM CONCENTRATION OF. PPM 

WAXES: 
- VIRGIN OLIVE OIL 
- REFINED OLIVE OIL 
- OLIVEOIL 

• TOCOPHEROLS: 
- VIRGIN OLIVE OIL, UP TO 

• STEROLS: 
VIRGIN, REFINI!D, OLIVE OIL 

- REFINED-POMACE OIL 

- OLlVl!-I'OMACE OIL 

291PI'M 
391 PPM 

3!1OPPM 

3OOPI'M 

1000 PPM, MINIMUM 
1800 PPM, MINIMUM 

1600 PPM, MINlMllM 

VOLATILE & AROMATIC 
COMPOUNDS 

• VAlUOUS TYPI!S OF COMPOUNDS HAVE III!EN REPORTED IN THEOLIVE 
OIL THAT ARE IlELlIWED TO BE Ill!SPONlIDILE J10R THE AROMA OF 
THE OIL. THESE INCLUDE mMPOUNDS, SUCH AS, 

- ALmBOLS 
- ALDI!IIYDES 
- KETONES 
- ESTEIIS 
- ETBER8 
- PBENOLlIAems 

• TERPENE ALmBOLS 
TBlOLS 

!lOME OF TBI!SE mMPOUNDSlMPAllT MOllE DlSIRABLEAROMA 
THAN TBEOTIIERS 
THEIR THRESHOLD VALUES ARE NOT FULLY ESTABLISHED 
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OUVE OIL PRODUCTION 

• PRODUCIlONYBAR 1999-2000 2OOO-Gl(ll 

• WORLDPRODUCIlON~_ 2,362 2,668 

• SPAIN 702 1,022 
• GREECE 432 43S 
• ITALY 63S 44S 
• EO-IS 1,1121 1,957 

• 1VNISIA 225 163 
• SYRIA 88 183 
• TUR.KEY 61 210 ....,..,.,--1'--

EGYPT'S OUVE OIL PRODUCTION 
(11"-2000) 

• TOTAL PRODUCIlON 
• IMPORT 
• lOO'ORT 
• DOMJ!STfC EDIBLB CONSUMP11ON 
• DOMESTIC NON-EDIBLB USE 

• AVAILABLE STATIS'I1CS IS DIPFICULT 

• • SOURCE: on. WORLD 

4.000 TONS 
I,OOO'JONS· 
I,OOO'JO~ 

600 TONS 
3,400 TONS 

11 



STATE OF EGYPTIAN OLIVE OIL 

EGYPT IS NOT KNOWN AS A PRODUCER OF OLIVE OIL 

• IT IS MORl!: OR LESS A CO'ITAGE INDUSTRY 

• THE TRANSITION PROCESS PROM GROWER TO OLIVE 
PROCESSOR HAS NOT BEEN ErrECTIVE 

• GROWERS WHO USE THEIR OWN OLIVES, DID NOT START 
THEIR ORCHARDS WITH OIL PRODUCTION IN MIND. 
PROCESSING OF OLIVES POR OIL SIMPLY EVOLVED AS A 
GOOD IDEA 

THE ECONOMY OF SCALE IS WORKING AGAINST THE 
PROCESSORS 

• UNFAVORABLE COMPETITION PROM OTHER OLIVE OIL 
PRODUCING COUNTRIES IS WORKING AGAINST THE GROWTH 
or THIS INDUSTRY 

• PROCESSORS CANNOT REACH FULL PRODUCTION DUE TO THE 
LACK OF SUPPLY OF OLIVES AND LOWYlEDING VARIETIES OF 
OLIVES 

RECOMMENDATIONS 
THE OLIVEOIL INDUSTRY NEEDS AN IIGYPTIAN OLIVE OIL SOCIETY 
OR AN ASSOCIATION, WHO CAN PROMarE TECIINOLOOY, 
AGRONOMIC KNOW-BOW IN THE INDUSIY AI'Q) EDUCATE THE 
GROWEIIS WITH MORE MODERN TBCIINIQUl!S ON SELECTION AI'Q) 

GROING OF BlGIIEJl YIELDING AI'Q) BEITEII V AlUl!TIES OF OLIVES 
WITH THE HELP OF SOME CURRENT RUUT AIILE AI'Q) UNJIlASl!D 
IU!SEARCII WOlUCERS, I!GYPTIAN OLIVE OIL SHOULD BE POSlTIONl!D 
AGAINST THE WORLD'S BEST KNOWN BRANDS. TIllS CAN BE 
ACCOMPLISHED THROUGH: 

- AI'IALrnCALCONJIRl\L\lIONOI'GOODTIlAITSlNnDlOIJ.. 
- ENIlOIIJIIIIIfE mOM WELL KNOWN NlJTlUTiONIBTll AND CHBFSAROIlND 

THl<WORlD 
- PllIIlJCITY ON OUVII OIL OUTSIDE OFlKIYPT 

C'lL\NGE THE CIJIIlIENT MODE OF OPERATIONOF THE JNII(lSTRY TO 
APPLY AN ORGANIZED EFFORT TO PROMOTE THE INDUSTRY 
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PURPOSE OF BLEACHING 

• REDUCE THE AMOUNT OF NON-HYDRATABLE 
AND HYDRAT ABLE PHOSPHOLIPIDS IN THE OIL 

• REDUCE THE TRACE lMMETALS, SUCH AS IRON, 
COPPER, NICKEL, CALCIUM, MAGNESIUM 

• REDUCE COLOR COMPONENTS, SUCH AS 
CHLOROPHYLLS, CAROTENES AND OTHER COLOR 
BODIES 

• REMOVE BREAKDOWN PRODUCTS OF 
CHLOROPHYLLS, SUCH AS PHEOPHYTINES, 
PHEOPHORBIDES AND PYROPHEOPHORBIDES 

JL.,lll ~I JP.J ~W4 JL.,lll ~I.ill d~,Ji...Jl.1I ~ ()-o J:LNI -
..:..,011 .; ~W4 

JSo!ll" uot....lll.J ~I ..ft.. 0l1.a.Jl ()-o ~!J1 ,:.11 ~I ()-o J:LNI -
r.JJ. ,~;?! .!I.J 1"~1.J 

.tl"l..ll rt....."II.J ~.J)SlI.J JJ.JJ)Sl\ ..ft.. .t;;)11 .:..I.lfi.J1 cJ.o J;L.NI -
..sy;.'lll 

..:..I.l:I/J"o.JJ,l.ll.J ..::.\W.JJ,l.II ..ft.. Jp.JJ)S.I1 (,p ~I ~ UI; -

d.l;!!J"o.JJ,l. ".;MII.J 
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CRITICAL VARIABLES 

• CRUDE on.. AS WELL AS REFINED on.. QUALITY 

• On.. TEMPERTURE 
• OPI!RATlNG PRESSURE 
• BLEACHINGCLAYCONCEN'IRAnON 
• CITRIC ACIDIPHOSPHORIC ACID 
• TlMEOFCONTACf 
• DESIGNOF11IETANKANDAGrfATOR 
• USE OF HYDRA'I'I!D sn..ICA 

.).fOJ OJJI Sol.,. .!IUS.J r1'l OJJI Sol.,. -
4jII ;, J.)I>o .1:,..p -

~Ju....

~ UIIo Jl.ji
~..tiI iJlo..b./ ~ iJlo..b.

~u-J-
4."......J~,.........
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REfINING Of VEGETABLE 
OILS 



WHY ARE VEGETABLE OILS 
REFINED? 

• CRUDE OIL IS REFINED IN ORDER 
TO: 

- REDUCE THE AMOUNTS OF IMPURITIES 
PRESENT IN THE On. 

- MAKE THE On. SUITABLE FOR EDffiLE 
APPLICATIONS 

- IN MANY CASES THE On. BECOMES 
SOMEWHAT LIGHTER IN COLOR 

;i .O:l.Ull ~~" ... (0: .. \jL.tl -.,- • .Jt}J"1 ~ ~ 

:~ L.31)i.,i fWl ~ ~ r4a 

~ ~ iJ~.,..B ~."JJ\ .::J~ .5 "" ~l
~'»~I ~ f'llU,tJ,l ~ ~ Ja.1J-

~ ~ ~ <.J.fS ~ 'JI$I"~1 "" ~ ~
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METHODS FOR REFINING 
VEGETABLE OILS 

• THERE ARE lWO MAIN MEmODS FOR 
REFINING VEGETABLE OILS. THEY 
ARE: 
- CHEMICAL RD'INlNG 
- PHYSICAL RD'INlNG 

• A COMBINATION MEmOD IS ALSO 
USED. mEY ARE: 
- MODIFIED PHYSICAL RD'INlNG 

- MODIFIED CHEMICAL REFINING 

"'" (~Ill\ ~ )j P' OI\t,J ,.J 4A..J..u
:~"+.tI~ 
""a.. -.s" at.m
t;wW »,G'_ 

: ...... 1,;,;, .. ~ Ui''''t 4A..J. ~~-



CHEMICAL REFINING 

• IN THIS PROCESS THE CRUDE VEGETABLE OIL IS 
TREATED WITH SODIUM HYDROXIDE AND THEN 
CENTRIFUGED TO REMOVE THE EXCESS SOAP 
PRODUCED 

• TBEREFINEDOILISWATERWASBED 

• THE WATERWASBED OIL IS BLEACHED 
• THE OIL IS EITHER HYDROGENATED, WINTERIZED 

AND/OR DEODORIZED 

• DEODORIZED OIL IS STORED FOR: 

- BULK DISTRIBUTION FOR INDUSTRIAL USE 

- PACKAGED FOR THE RETAIL STORES 

~ ~.."..sI .i;oooSJ.JoI.IH roW! ~ .::.uII ~ ~ .~ .!Ill.) -
oIlIJlI ~ ~fl t,1JS.)o'I\ J.)all Jlf+ .) 4A..lt" ~ 

,L.l4 ~ .::.uII J.,.P ~ -
,.L.l4 J.,...w .::.uII ~ ~ -

,..AJ\ 0.- '-I.I:!. 'i!1 .V) ~ .JI .::.,jlI 4.Jo1o' 1.01 .all .l&f ~ -
~ ~,,)l '-»J .JI/.J (~lU ~I.oa.I ~ t,1~ t,1j!\ .J,JI,W 

:~ ~ ~)I 4.1.0 JJ.oll ..::.,ull ~ ~ -
.ru...!l I'I':'h'!LIi,JHS ';'I~.) ~ -
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CRITICAL VARIABLES 

• CRUDE OIL QUAUTY 
• CAUSllC STRENGTH 
• CAUSTIC DOSAGE 
• MIXING TEMPERATURE 
• CONTACTllME 
• CENTRIFUGING TEMPERATURE 
• CENTRIFUGE BACK PRESSURE 
• IMPORTANT ANALYSES: 

- SOAP INREFlNED OIL (PARlS PER MILLION), 500 MAX. 
NOT TO EXCEED 1000PPM 

- PHOSPHORUS < 3 PARlS PER MILLION 
- FREE FATTY AOD < 0.2 'II. 

,la.JOUIll,
~i.:U'~

y..p i.:U 4a. "'" -
.I.lIJI 'J.1'" a..,Jl

~c)oJ

IIJSJd .. ..,u 'J.1'" a..,Jl
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PHYSICAL REFINING 

CRUDE OIL IS NOT TREATED WITH CAUSTIC 
CRUDE OIL IS TREATED WITH CITRIC ACID OR 
PHOSPHORIC ACID. THEN IT IS BLEACHED WITH SILICA 
GEL AND BLEACHING CLAY AND FILTERED 

• FILTERED OIL IS SENT TO WINTERIZATION, 
HYDROGENATION AND/OR DEODORIZATION 

• DRAWBACKS: 

- THIS PROCESS IS USED ONLY IN REFINING PALM OIL, 
COCONUT OIL, PALM KERNEL OIL AND SUNFLOWER 
OIL 

- THE PROCESS MAY NOT REMOVE ALL IMPURITIES 
FROM THE CRUDE OIL 

- NOT SUITABLE FOR SEED OILS AND OLIVE OIL 

~ .11..,.14 ~ .::.,ulI ~ ~ 'I -
~ ~ ~ .~;II J\ ~ u&<"'-i ~W .:.vJII 4Ila.o ~ -

~;;~~~u..WJ~~ 
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CRITICAL VARIABLES 

• CONCEN1'RATION OF ACID 
• CONCENTRATION OF HYDRA11!D SILICA 
• CONCENTRATION OF BLEACIDNG (].AY 
• TEMPBRAnJRE OF TREATMENT 
• TlMBOFCONTACf 
• DBSIGN OF11JE TANK AND AGrfATOR 
• F1LTRATIONDBVlCB 
• C<X>LING AFmRFlLTRATION (NOT NEEDED IF GOES 

DIIU!Cl'L Y TO 11JE DBODOIUZI!R) 

~'.P
.u, Uw.I ts.IJ..I JP.P-

0:-1 c:aJd c..\Pl-
41. .... 11 J.J'" 4 ~ -
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HYDROGENATION OF 
VEGETABLE OILS 

• OIL IS REACTED WITH HYDROGEN GAS IN PRESENCE OF 
A CATALYST, UNDER PRESSURE 

• THE PRESSURE CAN VARY FROM FRACTION OF A BAR 
TO 10 TO 15 BARS 

• MOST COMMON COMMERCIAL CATALYST IS NICKEL 
IIYDRIDE 

• TEMPERATURE MAY RANGE FROM lOO"C TO 22tJ'1C 
• THE REACTION MlXTURE IS MECIIANICALLY AGITATED 
• HYDROGENATION PROCESS CAN BE EITHER 

CONTINDOUS OR BATCH 
• MOST PRODUCTS ARE MADE IN BATCH REACTORS FOR 

SPECIFIC REASONS 

i JIM. 'Jt.. J.Jt>.J .) u...-.J..rIH.lI ji> e-o .::.,jII Jl>1i:i; -
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SCHEMATIC DIAGRAM FOR 
HYDROGENATION REACTOR 

.,.. ... 
- ..., 

1 1 
- ..... 

POIla Clt.QUAUTT. POIla CAT&1lII' 
QUAUTT. POIla .... QUAUTT ....... 
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CRITICAL VARIABLES 

• BLEACHED OIL QUALITY. CRITICAL IMPURITIES ARE: 
- PHOSPHORUS> I PARTS PERMILUON, SOAP AT ANY LEVEL, 

MOISTIJRE > 0.1 PER CENT, PEROXIDE VALUE. 4 

• HYDROGEN GAS QUALITY. CEmCAL IMPURITIES ARE: 
- MOlSTIJRE, SULFUR COMPOUNDS, HYDROCARBONS 

• CONTINUOUS SUPPLY OF GAS 
• OPERATING PRESSURE 
• OPERATINGTEMPERATIJRE 
• DEGREE OF AGITATION 
• CATALYST TYPE 
• CATALYST QUALITY 
• CATALYST CONCENTRATION 
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BENEFITS OF 
HYDROGENATION 

• JMPIlova OXIDATIVE STABILITY or THE on. 
• PROVlJ)IS CERTAIN J'UNC110NALPROPU'lUS TO THE 

on. JORPROVlJ)ING CONSISTENCY TO PRODUCTS. SUCH 
AS: 

• ALL PURPOSE SBORnNlNG 
• BMQNGSBORnNlNG 
• COOKIE lIILLER rAT 
• MANY OTBERPRODUcrs 

.:..JlIt LoW! ~ ~ "" ~
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DRAWBACK OF HYDROGENATION 
(FORMATION OF TRANS ISOMERS) 
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COMMENTS ON TRANS FATTY 
ACIDS 

• TlIBSE AU 1lNSATlJRATED I'A1TY ACIDS JORMD 
DURING HYDROGENATION AND TO SOME DEGREE 
DURING DEODORlZATJON 

• TRANSI'A1TY ACIDS BAVEBIGDIlM&LTPOINTS TBAN 
TIIEIIl CORRESPONDING CIS ISOMERS 

• TRANS I'A1TY ACIDS PROMOTE 'llU JORMATION OJ' 
LDL CBOLESTEllOL AND TRIGLYCDlDD.JtIST LID: 
PALMrI'ICACID OR MYRISTIC ACID 

• EUROPE BECAME MORE CONCIOUS ABOUT'llU 
HEALTH JSS1IES CONNECTED WITH TRANS .A1TY ACIDS 

• lOOTED STATES BAS PlNALLY DECLARED SOME 
LABELING REQtJIREMEN1'S JOR TRANS .AT IN fOODS 
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ALTERNATIVES TO 
HYDROGENATION 

• FRACTIONATION 
• INTERESTERJFICATION 
• RANDOM REARRANGEMENT 
• DIRECTED REARRANGEMENT 

- FRACTIONATION IS USED IN MAKING VARIOUS PRODUCTS 
FROM PALM AND PALM KI!RNEL OILS, mAT ARE FREE OF 
TRANS FATTY ACIDS 

- INTltRESTERIFlCATION IS ALSO USED TO MAKE COCOA 
BUTTER SUBSTITUTI!S 

- RANDOM AND DIRECTED REARRANGEMENTS ARE USED TO 
MAKE SPECIALTY PRODUCTS, SUCH AS CANDY COATINGS 
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PRODUCT FORMULATION 

• PRODUCTS ARE FORMULATED TO MEET THE 
REQUIRED PRODUCT PERFORMANCE 

• THIS REQUIRES THE USE OF HYDROHENATED 
OILS WITH VARIOUS DEGREES OF 
HYDROGENATION AND SOME 
UNHYDROHENATED OILS 

a.a..~,JJ t':" ~,JJt.JI..:.t.JJ.jll ~~I J""il.eln ~ -
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BLENDING 

• THIS IS A VERY IMPORTANT STEP IN MAKING 
SHORTENING, MAYONNAISE OR MARGARINE 

• COMPONENTS WITH DIFFERENT DEGREES or 
HYDROGENATION OR SOLID CONTENTS ARE BLENDED 
TOGETHER TO MAKE THE PRODUCTS SUCH AS BAKING 
SHORTENING, FRYING SHORTENING (DONUT FRYING), 
PUFF PASTRY, TABLE MARGARINE, SOFT MARGARINE, 
POURABLE SHORTENING, ETC. 

• THE BLENDED PRODUCT IS THEN DEODORIZED 
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DEODORIZATION 



DEODORIZATION PROCESS 

DEODORIZATION IS THE FINAL STEP IN OIL REFINING 
PROCESS WHERE THE OIL IS STEAM DISTILLED UNDER 
IDGH VACUUM AND IDGH TEMPERATURE 

• THERE ARE BOTH BATCH AND CONTINUOUS 
DEODORIZERS 
BATCH DEODORIZERS ARE USED WHEN THE 
PRODUCTION VOLUME IS LOW OR IT IS A VERY SPECIAL 
PRODUCT 

• CONTINUOUSDEODORIZERISSUITABLEFOR 
PRODUCING LARGE VOLUME OF OF THE SAME PRODUCT 
BECAUSE 
- IT IS DIFFICULT TO SHUTDOWN AND RESTART WITH TIll! 

NEW nED 
- CROSS CONTAMINATION IS A MAJOR ISSUE IN TIllS TYPE 

OF PROCESS 
- HOWEVER, TIll! PROCESS IS MUCH CHEAPER THAN TIll! 
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GENERAL COMMENTS ON 
DEODORIZAnON 

• DEODOJU78 TEMPERATllU VAlUES J!ROM:MtOC TO 
26O"C 

• THE ABSOLlITE PRJ:SSURE IN THE SYSTEM MUST U < 3 
OR < Ii MM OJ'MERCURY, DEPENDING ON THE DESIGN 
OJ' THE lJJIiIlT 

• WlTB POOR VACUllM THE OIL IS OXIDIZED AND 
PRODUers OXIDATION POLYMERS, TBEItMAL 
POLYMERS, CYCIJC COMPOUNDS, TRANS J'AtTY ACIDS, 
ETC. 

• THESE COMPOUNDS REDUCE 'l1IE our un: OJ' 'l1IE 
OIL AS WELL AS 'l1IE PRODUCTS MADE WlTB 'l1IE OIL 

• DEODORIZED OILS ARE RECOMMENDED TO BE COOLED 
DOWJIiI AND PRO'J'EC'l'ID UNDER NlTIlOGEJIiI )POR 
MAXIMUM STOIlAGELIJI'I!: 
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PROTECTING OILS AFTER 
PROCESSING 



AREAS TO PAY ATTENTION 

• STORAGE AFTER DEODORIZATION 

• LOADING TRUCKS 

• TRANSPORTATION 

• RECEIVING I UNLOADING 

• STORAGE AFTER UNLOADING 

• UTILIZATION 
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STORAGE OF OILS AFTER 
DEODORIZATION 

• SA11lRATE nIB on. WI11I NrIROGEN GAS AS mE on. 
LEAVES mE DEODORIZER 

• TEMPERA11lRE BELOW 3O"C FORLlQUID OILS 

• TEMPERA11lRE NO IDGHER 1HAN COMPLETE ,ELTING 

POINT OG HYDROGENATED FAT 

• FOR SHORTENINGS OR MARGARINE, NO IDGHER 1HAN SOC 

ABOVE MELT POINT 

• SA11lRATE WITH Nl'IROOEN BEfORE STORAGE 
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STORAGE OF OILS AFTER 
DEODORIZATION (CO NT) 

• IMPORTANT CONSIDERA nONS 

- NITROGEN BLANKET 

- OXYGEN LESS TIIAN 0.5 % IN HEAD-SPACE 

- CHECKPV,FLAVORDAlLY 

- FOR HYDROGENATED FAT, USE MECHANICAL 

AGlTATIONINTHE STORAGETANK 
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LOADING TRUCKS 

• B01TOM m..L TRUCKS TO AVOID AIR 
ENTRAINMENT 

• SATIJRATE THE On. WITH NITROGEN AS THE 
TRUCK IS BEING LOADED 

• FOUOW THE SAME TEMPERA11JR.E 
GUIDELINES FOIt TRUCK LOADING AS 'lBAT 
FOIt THE STORAGE OF DEODORIZED ons 
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TRANSPORT OF OIL 

• TRUCK DELIVERY IS FOR SHORT DISTANCE. IT IS 

TYPICALLY LESS THAN 24 HOURS BETWEEN 

LOADING AND DELIVERY 

• FILL THE TRUCK TO THE TOP, TO MINIMIZE AIR 

ENTRAINMENT DURING TRANSPORT 

• USE INSULATED TRUCKS OR TRUCKS WITH 

EXTERNAL HEATING COILS 
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RECEIVING 

• CHECK INCOMING on. QUALITY FOR: PV, FFA,. 

AV,FLAVOR 

• CHECK On. TEMPERATURE - MAXIMUM 
RECOMMENDED TEMPERATURE IS 6SOC 

• PVFORINCOMINGOn.- 1.0 MAX 

• THE On. MUST NOT BE UNLOADED IF THE 

ANALYTICAL STANDARDS ARE NOT MET 
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UNLOADING 

• USE STEAM WITH LESS THAN IS PSIG PRESSURE 

• USE THERMODYNAMIC STEAM TRAP ON THE 

EXHAUST COIL 

• SATURATE OIL WITHNITROGENwmLE 

UNLOADING 

• USE NITROGEN BLANKET IN THE OIL STORAGE 

TANKS 

~jO ~..H JS,l.ll.,\.; \" U'" Ji4 J~I rlAl..1 -
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STORAGE OF OIL 

• CHECK On. TEMPERATURE, PV, FLAVOR DAD... Y 

• DO NOT STORE On. FOR MORE nIAN 4 WEEKS 

• CLEAN On. STORAGE TANKS ONCE EVERY YEAR 

• MAINTAIN On. TEMPERATURE AS 

RECOMMENDED EARLIER 

• ADJUST NITROGEN BLANKET IF OXYGEN IN TIlE 

TANK HEAD SPACE IS mm 
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SPECIAL COMMENTS 
(TRUCK LOADING) 

• BOTTOM FILL 

• USE COMPARTMENTED TRUCKS IF RECEIVING 

LESS THAN TRUCK-LOAD OF OIL 

• MIX ANTIOXIDANTS PROPERLY - NOT IN !HE 

TRUCKS 
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SPECIAL NOTES 
(OIL STORAGE TANK) 

• CLEAN On. STORAGE TANKS AT LEAST 

ONCE EVERY YEAR 

• FOLLOW TEMPERATURE GUIDELINES AS 

MENTIONED EARLIER 
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OIL STORAGE & USE AT 
DESTINATION 

• CHECK TEMPERATURE, PV, FLAVOR, 
NITOGEN BLANKET EVERYDAY 

• CORRECT ANY TEMPERATURE OR 
NITROGEN BLANKET ISSUE 

• USE UP THE OIL QUICKLY IF THE PV 
BEGINS TO RISE 

• 00 NOT USE OIL IF THE FLAVOR IS BAD 
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QUAUTY CONTROL 

I 



WHY IS QUALITY CONTROL 
NEEDED? 

• QUALITY CONTROL IS NEEDED INORDER TO: 
• MAlNTAINCONSISTANTPRODUCTSTANDARDTHIS 

INDIRECTLY HELPS MAINTAIN PROPER PROCESS 
STANDARDS 

• IT REDUCES PRODUCT WSSES DUE TO REJECTION BY 
QUALITY CONTROL OR BY THE CUSTOMER 

• IT REDUCES THE COST OF REPROCESSING OR REPACKING 
FINISHED PRODUCTS 

• IT REDUCES PROCESS LOSSES 

• FINALLY, IT REDUCES COST! 
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FACTORS ESSENTIAL FOR 
QUALITY MANAGEMENT 

• MUST HAVE WELL DEFINED OBJECTIVES ON: 
- QUAlITY STANDARDS 
- PRODUCT STANDARDS 
- PROCESS OPERATING STANDARDS 

• DEVELOP. IMPLEMENT A QUALITY PROGRAM 
• HAVE PROGRAM IN PLACE TD: 

- TRAIN PROCESS PERSONNEL TO DEVB.OP AN 
UNDERSTANDING Of GOOD OIL PROCESSIHG 

- TRAIN MAINTENANCE PERSONNEL ON ROUTINE AND 
PREVENTATIVE MAINTENANCE 
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EXAMPLES OF QUAUTY 
OBJECTIVES 

• 100 PER CENT COMPUANCE WITH THE FINISHED 
PRODUCT STANDARDS 

• 100 PER CENT COMPUANCE WITH THR PROCESS 
OPERATING STANDARDS 

• ZERO DEFECTS ON ALL PRODUCTS SHIPPED 
• ZERO CUSTOMER REFUSAL FOR NON-COMPUANCE OF 

QUAUlY 
• PRODUCT REPROCESSING IS < 2 PER CENT OF 

PRODUCTION 
• PRODUCT MEET THE REQUIRED SHELF UFE 
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QUALITY STANDARDS 

• THIS IS ESTABUSHED ON THE BASIS OF: 

• SPECIFIC PRODUCT AND ITS APPUCAll0N 

• QUAUTY REQUIREMENTS TO MEET CUSTOMER'S NEEDS 

• SHELF UFE REQUIREMENT FOR MARKETING AND 
DISTRIBUTION OF THE PRODUCT 

• COMPETITIVE EDGE OVER COMPETITOR'S PRODUCTS 
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QUAUTY GUIDEUNES 

• CRUQEOIL 
• FILTER a COOL CRUDE 

OIL TO 400C AFTER 
SOLVENT REMOVAL AND 
STORAGE 

• KEEP THE OIL COOL AND 
AVOID EXPOSURE TO 
AIR 

• MAINTAIN PEROXIDE 
VALUE < 4.0 AND AN 
ANISIDINE VALUE OF 
<2 DURING STORAGE 
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• REFINED OIL 
• FFA. 0.01 - 0.02 'II> 
• SOAP = < 500 PPM, a 

NEVER> 1000 PPM 
• PHOSPHORUS <3 PPM 
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QUALITY GUIDELINES (CONT) 

• WATER WASHED 
m.L 

• FFA = 0.02 - 0.05 % 
• SOAP < 100 PPM 

,~I !O:wjll 
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• BLEACHED OIL 
• SOAP ~ 0 PPM 
• PHOSPHORUS <1 PPM 
• IRON <0.3 PPM 
• CALCIUM < 0.2 PPM 
• MAGNESIUM < 0.2 PPM 
• CHLOROPHYLL(Soybean &. 

Ganola} < 30 PPS 

• PEROXIDE VALUE = 0 
• ANISIOINE VALUE <2 
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QUALITY GUIDEUNES (CONT) 

• HYDROGENATED on 
- IODINE VALUE= MEET 

SPECIFICATION 
- SOUDS (SFI or SFC) 

= MEET 
SPEOFICATIONS 

- NICKEl < 0.5 PPM 
- FFA NOT TO EXCEED 

0.1 % OVER FFA IN 
THE BLEACHED OIL 

• QI!ODOBWp OIL 
• fPA<G.IIS'IIo 

• ANlSlDINI! VALUII < 4 
• RAVOIl-!lUND (EXCI!PI 

POit OU¥I! OIL) 
• PlLTIil CiIItADI •• MIN. 
• PHOPIIORUS < 1 PPM 
• IRON < 0.3 PPM 
• CALCIUM < 0.2 PPM 
• MAGNIlllUM < 0.2 PPM 
• LOVIIIOND COLOR • MIIII1' 

STANDAIID 
• AOM or OS! • ....,. 

STANDAIID 
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TYPICAL QUALITY ANALYSES 

• FREEPATIY ACID 
• PEROXIDE VALUE (pv) 

ANJSIDINE VALUE (A V) 

LOVIBOND COLOR 

IODINE VALUE 
MELTI'OINT 
SMOKEPOlNT 
POLAR MATERIAL 

• OXIDATIVE STABILITY INDEX • POLYMERS 
(OS!) IRON 

• ACTIVE OXYGEN METIIOD • NICKEL 
(AOM) PHOSPHORUS 
SOLID PAT INDEX (SFI) • CALCIUMIMAGNESIUM 
SOLID PAT CONTENT (SPC) 01HER METALS 
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QUAUTY METHODS 
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QUALITY METHODS 

SOUD rAT JNDa: (SJI) 

SOLID rAT CONTINT 
(DC) 

IOD!NIVALV£ 
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QUAUTY METHODS 
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QUALITY METHODS 

ANALYSIS AOCS METHOD JU PAC METIlOf'k'IIO 
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Prodw;:tion 

- AImondy: Then! can be two types: the typical __ one or the dry heaIIhy_ 
one. tt is appreciated .. an aftertaste wilen the oil stays In contact with the tongue or the 
palate and ft Is .. _ with _ oils with • mild aroma, 

- BIller: This is a """_ •• &tic flavour of oil obtained from green oIivee: ft can be more or 
Ieee pIeeaant, depending on lis 1ntenaIty, 

- Mild: This is neither a negative nor a positive _ of an 011_ .. gaiOleptic 
"""racteristl"" are very woak, .. lis a_Ie components have been lost, 

- _ This Is • genIIe and pleasant flaVour of an 011 wIlich is not exactly OIl\l8IY, but the 
biller, astringent or pepperyallr1butee do not predominate, 

- Fruity: Rramindsus of the aroma and flavour of heaIIhy, _ frul picked when I Is just 
ripe, 

- Ripe fruit: This ....... olive oil obtained from ripe frul and generally ~ a mild aroma and 
_taste, 

- Gi'Psy: Aroma and flavour characteristic of """'" oiIa that remind us of but grass, 

- Green leaVes: Aroma and ftaIIoor of 011 oIlIaIned from OYer-grlllll'loiivee or wIlich ~ been 
ground _ with leaves and_, 

- Apple: Amm. and flavour of olive 011 thai remindS us of apples, 

h :11www.asoIiva.oomIinaceitcoliVllloaiidad.htm 
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Oil facts 

.. Air, 1 t an,j heat affect 01 0;1, so you sh k1 maio< sure 
the Pettle is properN d osed and stOfe It at room temperature 
out ot direct sunllght 

• ,<\5 01 e ~l rs a natural product. I does nl Imp O'r~ ¥inh age., 
unl ke wine s ld therefore be used as soon as p.~sJbie 
in the y~af it 'wa'5 O.foouc€>J . 

• H(M'ever, depend,og Dn the variety. a ..... 'eli pres.e'Ved 0 1 can 
last up to 18 monlhs wl g. Olga P)C qual hes 

• An 0:f5 co!oo' does of Ind.cate q~al1y 

Cultivation facts 

• Between 4 anlj 5 Ides of OlIVes are ~ 10 
;:.m:xl'uce1 lit e of !ve oil. 

• The tree's age onty affects I quant't)' produc:ec. 
not tne quality An ~1Ve tree starts to prod\1Ce 
betw.een the ag,es of 5 and 1C, and s producti()l"l 
starts to dedtne after it!S 00 y·ears okt 

.. ,AsJ) ok4e's COhJUf does 11:0t depend on the nety 
but en fl,:)w ripe it is. On~'es are green at ltle 
OO9i ·09 and become black as they' pe 

Health and beauty facts 

.. Virgin oil a pure fru ; juice '.'11th 00 addtt . Of 

Pfeserv3tive5. 
.. 01 'Ie ad contaIns between 60 and 80% of moooonsarura"ed 

fats (' thIS case. oJeic acid) , \:\t!!ch help to reOuce ~. 
ChO!estefOf (LO ) and presef',je "gOOd choIest~ (HD ). tt 
also tlas Just the right amount of !*n(}~e' aCKI , wtliCh ts 
essen rer the human diet. a.tthough in excess can c.ause 
oxidation, which i.s harmful tor our M.afth 

• O!!ve o.l! ha:s vita . A, D. t< and especiaUy E 
• Researchers c.Qf1finn that okve ad reduces the r' of he 

diseases and some ·typeset ·cancer. ,. also to makt1.ai.l\ 
alcw b~ood pressure and to a vf:ate arthntiS 

• The maprny o' the meo.kat community thhks that ~ an. • h!ei!:ps the 
C:afdlova-scular flow and delays thectil ageing process 

• Otl't'e cll tl:ids d~loo atld hefps the body to a~b ca~ium, 
• Among other properties,. olive oit hel:ps to ImprO'/e he appea:ranc.e and ~~u.fe>o>fr;.;;:.k· 

skin. 

.VVhen dre5.$;'ngsafads and ve:g.etab*e$, pour the 
of oi mst, tnen add. saft and '*1negar or ~, 
Adding the oi*ftrstPfo~ a protectlYe layer 
\lVhich helps the vegeta.bie$ to stay t BOO 
cnsp_ 

• 04 I is ~eelk:nt to sPfeadonw~at in a 
bart:>ecue,. as it .~p$lo presef'tle ther.atuta! 
jwces. 

.. OII'Ye oi~ adds. fla</Oti{ ~o charcoal.grilkd meat '~t'hitst it ts bt~ ~. must be 
cooked on a low heat 'win 0lVy B oK 

.. Any meat. fl;sh or ,\,~ fried til oWe cit ~$ ~. as ·the oi~ pr~ms the f,:xx! 
from sticking and becoming gti y. 

.. t.teat. . ted ~n ollve oil before cooktng wili be mud'! " As of! IS a very 
denc~e product, ft helps the aromatic hefbs and spices to miX. 
To enjoy ~. snack, spread' a Mllegadlc 00 toast afld then add SOO't oiL 

.. If you use a little olive oil tn the watet'4'hefl cot,king pasta, it wWpre>.-.ent it from 
sticking 

.. Saute meat and vegetables in oIj;,e oii for a ( 'I n~( utes u II t.~ are- tenoerand 
season, 

httr ·j:v.'w\l,'. asoli\'"a.com/ing!es/acel(~ __ oliya/sabias,htm 
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PACKAGING 

• CRITICAL FACTORS 
- THE PRODUCT MUST BE ANALYZED AND CERTIFIED 
- STORAGE TANKS SHOULD HAVE NITROGEN GAS 

PROTECTION 
- OXYGEN IN TANK HEAD SPACE < 0.5 PER CENT 
- THE OIL IS SAWRATED WITH NITROGEN WITH A 

D1FRJSER BEFORE IT GOES TO THE FILLER SURGE TANK 
- THE BOTTlES OR CANS SHOULD BE PURGED WITH 

NITROGEN BEFORE FIlliNG WITH OIL 
- OIL IS FILLED FROM BOTTOM UP WITH LITTLE SPLASHING 
- THE OXYGEN CONTENT IN THE BOTTlE OR CAN IS 

RECOMMENDED TO BE < 2 PER CENT 

.t.'+l\ J,ol."..n 
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STORAGE 

• FOR UQUID OILS, STORAGE ROOM SHOULD Be 
MAINTAINED AT 2IOC, OR LOWER. AND NO EXPOSURE 
TOUGHT 

• FOR MARGARINE, TEMPERATURE SHOULD Be SOC, OR 
LOWER 

• FOR BAKING FAT OR OTHER TYPES OF SOUD 
SHORTENING, THE RECOMMENDED STORAGE 
TEMPERATURE IS 240C OR LOWER 

• PV FFA AND FLAVOR SHOULD Be CHeCKED ONCE 
EVERY WEEK IN THE TANKS, ONCE EVERY MONTH IN 
THE BOTILES AND CANS 

r' T \ clIjUI Up S).)'f> ~~ i'J.3 () .,¥I..ua..I .::..IlJII ~ -
.. .,..u .:.vJI (jiaJlJ ,... ~ ... ) 
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SHIPPING 

• ILILK 
- INSPECT THE TANK TRUCK FOR CLEANUNESS. IT 

SHOULD BE FREE OF ODOR AND USED FOR FOOD 
PRODUCTS IN THE PREVIOUS SHIPMENT 

- SATURATE THE OIL WITH NITROGEN AS IT IS LOADED 
- FILL THE TANK TRUCK TO THE TOP 
- USE COMPARTMRNTALIZED TRUCK FOR SMALLER 

SHIPMENT 
• PACKAGEPpROPUCT 

- INSPECT THE TRUCK. IT MUST BE CLEAN AND WITH NO 
ROOF OR WALL DAMAGED OR lEAKS 

- MUST HAVE BEEN USED IN SHIPPING FOOD PROOUCTS 
BEFORE 
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FRYING 



DESCRIPTION OF FRYING 

• FRYING IS A PROCESS WHERE THE FOOD PRODUCT IS 
EITHER DIPPED INTO A BED OF HOT OIL OR THE FOOD IS 
PLACED ON A 1HIN LAYER OF OILAND HEATED FROM THE 
BOTIOM OF THE PAN 

• IN EITHER CASE THE OIL IS MAINT AlNED AT A HIGH 
TEMPERATURE, RANGlNG FROM lSOoT02150C 

• FRYING PROCESS CONTINUES UNTIL THE BUBBLlNG 
STOPS, MOISTURE IN THE FOOD DROPS TO A LOW VALUE 
AND THE FOOD TURNS GOLDEN BROWN IN COLOR 
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DESCRIPTION OF FRYING 
(CONT) 

• WHAT HAPPENS DURING FRYING? 
- A TEMPERATtJRE GRADIENT IS ESTABUSHED BETWI!EN 

TIm SURFACE AND TIm IN11!RIOR OI'TImFOOD 
- MOISTlJRB ESCAPES FROM TIm SURFACE 01' TIm FOOD 
- BROWNING REACJ'ION OCCURS ON TIm SURFACE 01' 

TIm FOOD 
- A GOLDEN BROWN CRUST ISFORMBD ON TIm fOOD 

SURFACE 
- TIm FOOD DEVELOPS FRIED l'LA VOR 
- TImOn. UNDERGOES DEGRADATION 
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TYPES OF FRYERS 

• FRYING OPERATION CAN BE: 

- BATCH 
- CONTINUOUS 
- VACUUM BATCH 

:~ ~ ..,Jill ~ ufo Ul (fi...o 

..:..I..i.l ~ ~ -

JAi.-~
b;iJ ~ ..:..I..i.l ~ -

~ 

t 
• 
l 
; 

L 

j , .. 
1 
1 
1 
I 
I 
I 
I 
I 
1 
I 
i 
1 
1 
! 
• 
h 

• , 
~ 

• 



l 
1 
j 

j 

j 

J 

J 
j 

J 

I 
i 
I 
,I 

I 

1 
'I 

• 

TYPES OF FOOD FRIED 

• THE FOOD FRIED CAN BE: 
- MEAT. COATED OR BATI'ERED 
-CHIPS 
- VEGETABLESIFRUITS 
-DONUTS 
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REACTIONS IN THE OIL DURING 
FRYING 

• THE OIL DECOMPOSES THROUGH CHEMICAL 
REACTIONS: 

- AUTOXIDATION 
- HYDROLYSIS 
- THERMAL POLYMERIZATION 
- OXIDATIVE POLYMERIZATION 
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RESULTS OF OIL 
DECOMPOSITION 

• BDROLYSIS 
- PRODUCBS FREEFATlY ACIDS (1'1'11.) 
- FREE FATlY AClDSUNDBROOOXIDATION AND 

POLYMERIZATION FAStER mAN mE TRIGLYCIllUDI!S 
• AtlTOXlDA1l0N 

- PRODUCBS ALDEHYDES, ICETONIlS, ACIDS, ALCOHOLS. 
POLnmRS 1HATDEVELOP POOR FLA VORlNmE WHlCHMAY 
OR MAY NOT BI! DETECTABLE IN mE FRESH PRODUCT BUT 
BECOMI! STRONG IN mE AGED PRODUCT 

• POLnuJl17All0N 
- 1OOHLlM!L OF 1HI!RMALPOL nmRS M'AlCB mEI'RODUCT 

BlTI1!R 
- IOOH LlM!L OF OXIDATIVE POLnmRS MAYNOTBI! 

DETECTABLI! INFRI!SH PRODUCTBUT REDUCBI'RODUCT 
SHI!IJI LIFE 
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TYPICAL BATCH FRYER 
OPERATION 

FRYER IS STARTED IN TIlE MORNING 
• FOOD IS ADDED INTO TIlE FRYER IN DISCRETE AMOUNTS 

TIlE TEMPllRATIJRE DROPS AND TIlEN INCREASES AS TIlE 
MOISTIJRE IN THE PRODUCT DECREASES 
TIlE PRODUCT IS STIRRED MANUALLY OR wrrn MECHANICAL 
STIRRERS 

• THE PRODUCT IS REMOVED 
EXCESS On.. IS SEPARATED FOR REUSE 

• A SMALL AMOUNT OF On.. IS ADDED TO MAKE UP FOR TIlE On.. 
LOST IN FRYING TIlE FRYER IS CLEANED AT NIGlIT AND 
REFILLI!D WITH TIlE pn.,1ERED On.. 

• TIlE On.. IS Fn..1ERED ONCE OR TWICE PER DAY 
• SOMETIMES, THE HOT On.. IS LEFT IN THE FRYER WITH HEAT OFF 
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CONSEQUENCES OF THIS 
OPERATION 

• DECOMPOSmON OF 11IE On. 
• DARKENING OF 11IE On. 
• DEVELOPMENT OF "OFF' FLA VORIN 11IE FOOD 
• REDUcnON IN SPECIFIC HEAT OF 11IE On. AND 

HEAT TRANSFER COEFFICIENT 
• INCOMPLETE FRYING OF FOODS 
• ACCUMULATION OF CUMBS IN 11IE FRYER 
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EXPECTED REACTIONS 
IN THE OIL 

• THE BATCH REACTORS ARE EXPECTED TO 
EXHIBIT: 
- RAPID RISE OF FREE FATTY ACIDS 
- EXCESSIVE OXIDATION 
- HIGH AMOUNT OF THERMAL & OXIDATIVE 

POLYMERS 
- NO LONG SHELF LIFE FOR THE PRODUCT 
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METHODS FOR IMPROVEMENT 
OF BATCH FRYIG OPERATION 

• MAYlMlZI! TBI AMOIDIl' Of JIOOD JIUII) WlTB AS Lm'LIt IIOWIITJMIt 
All J'OIIIIIIII " 
INSI'ALL ACONmItJOIlS SIPI Sl1UWoI ftLTBR TO TAU our I" Of 
TBI OIL, ftLTBR AND IIJI:11lIIlII If TOTBI PJMIIl 
DIISIGN TBlI'RYJ!R II!IlII'EM WlTB TBI MINIMllM AMOIDIl' Of on. 
VOLUME TO _ TBlon. TtJItIIOVIIIl TIMII: 

OOOLDOWNTBI on. TO fIII'-aocAND ftLTBRIf AT TBI BNDOfTBI 
OPl:llATION.. 

• STOIUI TBI_on.llI A IIARROW. TALL TAIIK,IIOT III TBI PJMIIl 
lW'II'I1ZI£ TBI PRYEIlIl!llll'EM 

• IlA1'llRATJo; TBI on. WlTB IIITIIOCII'I All If utA VIS TBI alOUlR 
• HAVE Hli_ Jll.Alll[KTIlITBI_on. TAIIK 
• CBJ:CI::TBI_ FATTY ACIJ) AIIF I'I!kOXlIIE VALtlIt 1lITB1 

OJLAFTBR 1'RAIItIJ1EIlAND 8DOII.It IUII8E 
ll$EAIILEI'ID or _ AJIIDllSWon. AT_AlIT 
IILEI'ID BACK TBI_ on. III A MIXJlD Sl1UWoI WlTB ftIUB on. 
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OBJECTIVES OF FRYING 

• PRODUCEPALATABLEFOOD 
• MAINTAIN GOOD PRODUCT FLAVOR 
• MAINTAIN GOOD PRODUCT TEXTURE 
• DO NOT PRODUCE OIL-SOAKED PRODUCT 
• DO NOT HAVE THE COATING FALL OFF THE 

PRODUCT 
• MAINTAIN LONG FRY-LIFE FOR THE OIL 
• HAVE ACCEPTABLE PRODUCT SHELF LIFE 
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PERFORMANCE OF BATCH 
FRYERS 

• BATCHFRYERALWAYSDAMAGESmEOn. 
MORE RAPIDLY 

• PRODUCT WILL HAVE A TENDENCY TO GO 
RANCID FASTBllrnAN THAT MADE IN A 
CONTINUOUS FRYER 

• SIGNIFICANT IMPROVEMENTS IN mE On. AND 
PRODUCT QUALITY CAN BE ACHIEVED USING 
mE GUIDELINES PROVIDED EARLIER 

~ ~ ~ '" .o4.ol.lil.ol ().o eJUI ~..::.ua f!l,Ji--j -
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CONTINUOUS FRYERS 

• TIDS IS USED FOR LARGE SCALE 
PRODUCTION 

• THE FRYERS HAVE CONTINUOUS 
PRODUCT FLOW AND, SOMETIMES, 
CONTINUOUS OIL ADDITION 

• QUALITY OF OIL CAN BE MAINTAINED 
BETTER THAT THAN IN A BATCH FRYER 

• PRODUCTS CAN HA VB LONGER SHELF 
LIFE 
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CONTINUOUS FRYER 
OPERATION 

• THE FRYERS ARB GlNIERALLY OPEItATID 24 HOUIU A DAY !'OR 
SIIVERAI. DAYS IN A ROW 

• THE PRODUCT AND HOT on ENTER THE FRYER AT ONE I!NJ) 

• THE FRUO PRODUCT AND THE COLDER on U!AVE THE FRYER 
AT THE artiER END 

• THE PRODUCT IS DE-OnEO BY DItAINING ON PERI'ORATID 
BELT 

• THE PRODUCT IS SALTED, RASONIID AND PACICIID 
• FOR IIIIS1' IHILF un THE PRODUCT SHOULD BE PACIaID IN 

META' '!ZI!D FILM WITH GOOD GAS AND UGHT U-_ 
PROPERTY AND Nn1tOGEN PLUSH WITH < 2 .... OXYGEN 

• THE FRYER SY.IEM MUST BE DESIGNED TO HAVE THE LOWESI 
POSSULE on TURNOVER TIME 

• USED on SHOULD B. HANDLED AS DESc:IUIIED IARUBIl 
UNDER UTCH FRYER OPERATION 
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KEYS FOR BEST FRYER 
PERFORMANCE 

• DESIGNED OIL TURNOVER TIME MUST BE MINIMUM 
OPERATE THE FRYER AT THE DESIGNED RATE AND 
WITHOUT FREQUENT SHUT DOWNS 

• COOL THE OIL T060"-650C AND FILTER OIL AT THE END 
OF OPERATION 

• SATURATE THE OIL WITH NITROGEN AS IT LEAVES THE 
FRYER 
STORE THE USED OIL UNDER NITROGEN BLANKET 

• SANITIZE THE FRYER AT THE END OF OIL TRANSFER 
• PACKAGE PRODUCT IN METALUZFID BAGS WITH GOOD 

GAS AND MOISTURE BARRIER PROPERTY 
• USE NITROGEN FLUSH IN THE BAGS WITH < 2 % OXYGEN 
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INTRODUCTION 

1 
This study Includes detailed costs and underlying assumptions for establishing an olive orchard any 

producing olives in the North Coast of California for either pressing and marketing for oil or selling the fruit tt 
an oil processor are presented in this study. The hypothetical farm used in this report is 20 acres. 15 of which 
are in olive production. Annual production costs are presented both for operations growing olives an4 
producing olive oil (Tables 1-4) and operations for selling olives to processors (Tables 9-11). Tables 5 and • 
pertain to both types of operations. 

This study is intended as a guide only. It can be used to make production decisions. determine potentiJ 
returns, prepare budgets and evaluate production loans. Sample costs given for labor. materials. equipment an~ 
contract services are based on current figures. Costs and practices detailed in this study will not be applicable trj 
every situation. A blank, Your Cost. column is provided to enter your actual costs on. 

List of tables: 

Section 1: Orchard Investment Costs 
Table 1. Costs Per Acre to Establish An Olive Orchard 
Table 2. Whole Farm Annual EqUipment. Investment and Business Overhead 
Table 3. Hourly Equipment Costs 

Section 2: Costs to Produce Olives and Process and Market Olive on 
Table 4. Costs Per Acre to Produce Olive Oil 
Table 5. Costs and Returns Per Acre to Produce Olive Oil 
Table 6. Monthly Cash Costs Per Acre to Produce Olive Oil 
Table 7. Ranglng Analysis - Olive Oil 
Table 8. Cost and ReturnslBreakeven Analysis - Olive Oil 

Section 3: Costs to Produce Olives Sold for Processing 
Table 9. Costs and Returns Per Acre to Produce Olives Sold For Processing 
Table 10. Ranging AnalYSiS - Olive Sold For Processing 
Table 11. Cost and ReturnsIBreakeven Analysis - 01lve Sold For Processing 

I 
I 
I 
I 
I 
I 
I 

This and other studies can be obtained through the Department of Agricultural Economics, U.C. DaJ 
(530-752-1515). or from selected county Cooperative Extension offices. For an explanation of calculations or 
assumptions used in this study refer to the attached General Assumptions or call the Department 01 
Agrlcoltural Economics. University of California - Davis. (53O-752-3589). 

1 
The University of California, In accordance with applicable Federal and State law and University policy, does not discriminate on lb. basis 
of race. color, national origin, religion, sex, disability. age. medical condition (cancer-related), ancestry. marital status. citizenship, sexual 
orientation. OJ status as a Vietnamw.era veteran or special disabled veteran. 1 
Inquiries regarding the University's nondiscrimination pollcle. may be directed to !be Affirmative Action Director, University of 
California. Agriculture and Natural Resources. 1111 Franklin, 6"' Floor. Oakland. CA 94607·5200 (510) 987·0096. 
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I AssuMPnONS 

I The following is a desaiption of general assumptions pertaining to sample costs of establishing an oUve 
., orchard, production of olives for 00, and processing and maiketing olive 00 In the North Coast of Calfomia. 
i Practices desaibed are not recommendations by the University of CaUfomIa. but represent produdion 
j procedures and materials considered typical of a weD managed orchard. Some costs, pactlces. and matedaIs 
, may not be appJicabJe to your situation nor used during every year. Additional ones DOt Indicated may be 
• needed. EstabJisJunent and cultural practices vary by grower and region; variations can be sIgnIflcant.. These 

costs are on an annual, per acre basis. The use of trade names in this report does not constItute an endorsement 

,- or recommendation by the University of CalJIornia nor is any criticism implJed by omission of other similar 
products. 

t Land. The farm consists of 20 acres of land. Fifteen acres are planted to oUves 8Dd the remaining five 
I acres Include roads, Irrigation systems, onused land. and farmstead. Ptoperty costs $15.000 per acre. Land is 

I not deprecIated. 

LaIa-. Hourly wages for workers are $9.80, and $7.35 per hour fw sIdDed. and fteJd wadas 

I respectively. Adding 34% for Workers Compensation, Social Security. Medicare IDSurance. and other JIClSS!Ift 
benefits gives the labor rates shown of $13.13 per hour for sk1l1ed labor. and $9.85 per hour for fte1d labor. 
Labor for operations involving machinely are 2096 higher than the operation time giwD In Table I to 8CCOUIIt fw 

i the extra labor Invo1ved In equlpnent set up. moving. maintenance, work breaks. and repair. 
j Wages for managemeot are not lDcluded as a cash overt d cost. Any rdUnI above totII1 costs is 
• considered a rdUnI to management 
j 

T..... Mission is the oUve cultivar assumed In this study. Mission oUves wID produce betwan 40-45 

(
gallons of 00 per ton. Some of the cu1tIvars'epa! S !i1l1Dg the 00 acreage Idstork:aIly planled In CaBforaIa IacJade 
Mission, Sevmano. and Ascolano. Traditional European oU produdDg varieties that have beeD estahIlsMd ill 
limited plantings In the region are Frantoio. LeccJno. Pendolino, MaurIno, MoraloIo, and AIbequIna. The cost of 

!European nursery stock can be twice that of Mission. A more lDclusive list of 00 pududng vaiedes and daeIr 
Icharacterlstics can be found In Olive Production ManuaL DANR Publicalion 3353. 

The trees are planted at 12' X ZO' spacing, 180 trees per acre. Olive trees hive a lout pruductlOllIlfe if 
(they are weD maIniained. The life of the orcbanl at the time of planting In this study is Nlji~ to be 6O:yean. 

Irrtpdea. The water cost for Irrigation is the pumpIng charge. The cost per acre-foot for water wID 
I~ by grower In this region depending on various weD character:lstk:s and otber irrigation factors. .ID lids 
study, water is calculated to cost $100 per acre-foot. Irrigation rates Increase each yar as the on:hard IIIIdures 
-and Is shown for establishment and production years in Table A. One acre-foot of water is aSSUllNd to be 
\tvafIabIe Jiom ralnfaD. 

Table A. Olive ore1wd water use 

1 0.3 
2 0.7 
3 1.5 
4+ 2.5 
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Because the orchard is planted on sloped land. water is delivered to the orchard by microsprinklers in the 
tree row. The irrigation system is installed and completed before the trees are planted. The pump. IDter station. 
mainlines. laterals, and risers have an expected useful life of 40 years. The life of the mlcrosprinklers arI 
estimated at 10 years. The irrigation system Is considered an Improvement to the property and is shown in thll 
capital recovery sections of Tables 1-3 and 9 and the Investments section of Table 2. 

ORCHARD FsrABUSHMENT CULTURAL PRACTICES AND MATERIAL INPUTS 1 
Site Preparation. Olives grown in north coast counties are mainly planted on hillsides. VariouJ 

county zoning ordinances require owners to manage erosion on disturbed soils on hillsides. In this study. an 
erosion control plan is developed by a professional engineer. County fees are paid and the control plan 11 
Implemented by a contract company. 

Land preparation begins with shallow subsoiling the soil proIDe to 12-18 inches in order to break u~ 
any surface compaction which would affect root and water penetration. Subsoiling is performed by contra~" 
operators. The ground is disced twice to break up large clods of soil and smooth the soil in advance of plantin8s 
the trees. All operations that prepare the orchard for planting are done in the year prior to planting. However .. 
for this study. these costs are included with those incurred in the f'trst year as shown in Table 1. 

Planting. Planting the orchard starts by marking tree sites in spring. Holes are dug. trees planted. Inl 
the second year. one tree per acre wUl have tu be replanted. Nursery trees should have a single trunk and three 
to four main scaffold branches developing. I 

Regular pruning, other than sucker removal, begins in the fourth year and hours required to perform this 
task, as well as costs, increase annually. Newly planted trees should have the 3-4 main scaffold branchesl 
developing at a height of approximately 36 inches. No shoots are allowed to develop below 36 inches. Pruning' 
is performed In spring months. I 

Weed Management. A pre-emergent herbicide is applied Immediately after planting. In spring and 
sommer three appllcations of a contact herbicide are made to control perrenlal weeds. In the first fall a residual I 
herbicide Is sprayed along the tree rows to control weeds the following growing season. During the summer of 
the second year a combination of residual herbicides are used to control weeds in the tree rows. Mowing the 
row middles to manage the orchard floor also starts the first year. The orchard is mowed three times each year; I 
each mowing requires two passes with the mower. 

Insect and Disease ManaBement. During the developmental years, pest and disease controls arel 
minimal in this study. and not needed until the fourth year. Peacock spot and olive knot are major diseases 
infecting leaves and shoots, causing defoliation and shoot death. In this study, copper is used to prevent these I 
diseases. The copper/peacock spray is applied in the fall after harvest. Olive oil processors are generally . 
unwilling to accept fruit treated with copper. Therefore, copper Is custom applied after harvest in the fall. 
Control of insect pests is not required during the period of orchard establishment. Occasional control may be I 
needed for black scale. but is not shown for the Immature orchard in this report. 
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I FertWzatieu. Nitrogen is the major nutrient required for proper tree growth ;mel optimum yields. 
Young trees receive approximately 50% of the mature tree rate applied 3-4 times during the growIIIg seaoD. 

t Nitrogen fertilizer Is applied in a granular form (46% nlllogen). at 1naeasing rates during OIchard establlsl ..... 
, Annual rates of actual N are shown in Table B. 

I • 
I 

I 
I 

I 
2 
3 
4 
5+ 

6 
11 
23 
45 

-00 

per-
13 
24 
SO 
98 

196 

EstabllslnaeDt CIIIIt. The establishment cost is the sum of cash costs for land preparation. planting. 

I trees. production expenses. and cash overhead for growing olive trees through the first year 00 Is produced 
minus any returns from production. The Total Accumulated Net Cash Cost in the fourth year shown in Table 1. 
represents the establishment cost per acre. For this study. the cost Is $7.765 per acre 01' $116.475 for the 15 

! acres planted to olives. Establishment cost Is amortized over the remaining 56 :years that the OIdad Is I j lmed 

, to be in production. Establtsbment cost Is used to determine the non-cash overhead. orc:bud capital recovesy 
[ expense for production years. 

PRODUCTION CVL1tJRAL PRACTICES AND MATERIAL INPUTs 

f PI........ Pruning strategy Is critical to production and Is depeodent on several factors such as oli¥e 
• cuitivar and planting density. In this study. pruning Is done in the spring by hand. Pruninp are placed in the 
I row middles and shredded. 

I 
FertWzatieu. Mature tree nutrition Is determined by leaf anaIy.sIs ID July. Nlbogeu Is appIkd .. a Tale 

I of one pound of nitrogen every two years. In this study the cost ferlilizer Is shown as half the rate 01' o.s pouDd 
lof N per tree annually. Fertilizer Is in a granular form (urea - 46% nitrogen) ;mel applied by hand ID AprIL 

j Weed c...oel. Weeds in mature orchards are controDed with chemIcaIs;mel ~ Weeds wIIh1n the 
Itree rows are controlled with residual. pre-emeigeDt herbicides applied in the faD. Diffeteuc herbicides are used 
alternately each year. Three spot sprays of a contact herbicide IIIIIDll8fl weeds missed by residual herbicides. 
iRow centes are mowed three times annually during the sprIDg and slImow. 

Jmect aad DIsease M .......... One insect and two disease pests are treated. BJadt scale, an insect 
pest. requires occasional insecticide treatment. Adequate pruning conboJs this pest weD. Only fo1lowing cool 
years or in those orchards that have become too deose would insecticide treatment be required to reduce the 
population to manageable levels. Prevention of the fungal disease. peacock spot. ;mel the bacterial disease. olive 
knot requires an annual spray of copper following harvest and prior to fall rains. In years of heavy rains • 
second appDcation Is made ID the early spring. , 
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For specific pesticide choices and rates consult the UC [PM Olive Pest Management GUidelines. DANJt 
Publication 3339and Olive Production Manual. DANR Publication 3353. Written recommendations are required 
for many pesticides and are made by licensed pest control advisors. For information and pesticide use permits. 
contact the local county Agricultural Commissioner's office. Contact your county farm advisor for additiOni 
production Information. 

Equipment Cash Costs. Equipment costs are composed of three parts; capital recovery, cas~ 
overhead, and operating costs. The operating costs consist of fuel. lubrication, and repairs. 

Repair costs are based on purchase price, annual hours of use. total hours of life. and repair coefficienJ 
formulated by the American Society of Agricultural Engineers (ASAE). Fuel and lubrication costs are also 
determined by ASAE equations based on maximum PTO hp, and type of fuel used. The fuel and repair cost pd 
acre for each operation in Table 2 is determined by multiplying the total hourly operating cost in Table 6 fo~ 
each piece of equipment used for the cultural practice by the number of hours per acre for that operation

1 Tractor time is 10% higher than implement time (Operation Time) for a given operation to accoont for fuelingt 
moving equipment. and setup time. Prices for on-farm delivery of diesel and gasoline are $0.62 and $1.02 per 
gallon. respectively. I 

Harvest Harvest starts in the fourth year by a contracted harvesting company. Costs for contracted 
harvest operations are based on fresh tons. Olives for oil are hand picked at the color change stage od 
purplelblack skin and green flesh in December and January. Care must be taken when harvesting olives becausel 
damaged or groundfall fruit can spoil and develop undesired odors and flavors which are imparted to the 011'1 
Frost can also damage olive fruit and lower oil quality. Maximum yield is reached in the six year. 

PnK:essinB and MarketInJ. Processing olives for oil requires special equipment and expertise. Some) 
oil producers also process their olives in their own facilities. but many do not. The two major options for 
growers without production facilities are to sell the olives to a processor or pay to have It processed and market 
the olive oil themselves. Both options are examined in this study. Costs and returns for oil Which is produced I 
and sold by the grower are shown in Tables 2-8 and the production costs and returns for olives sold to oil 
processors are presented in Tables 9-11. A description of the different processing procedures are described in 
the Olive Production Manual, DANR Publication 3353 and Producing Olive Oil in California DANR PUbliCatiOn) 
21516. 

Olive on produced in California Is marketed as a high quality product and sold for a premium price. This I 
is because of the locally high cost of producing olives and competition from lower price imported olive oil that 
dominate the low and medium quality olive oil markets. Marketing costs Include distribution. possIble slotting I 
fees and promotional materials. Selling olive oil in the gourmet market requires careful consideration. Product ~ 
packaging and developing a market channel are essential to succeed in the competitive oil marketplace. In this • 
study. the cost of processing and packaging is included as a cost of producing olive oil in the Processing and I 
Marketing cost section of Tables 2-8. Marketing costs are shown as a separate expense under Processing and • 
Marketing costs. 

Yields. As noted in the previous section, olives begin bearing an economic crop in the fourth year after 
planting. In this study, olives yield 19% oil per fresh weight and the oil weighs 7.61 pounds per gallon. With a 
90% extraction rate about 45 gallons of oil per ton of olives is produced. A case of olive oil consists of 12 - 500 ! 
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1 milliliter bottles. Typical annual yields for olives are measured in tons per acre. TIlIUIIIge. on. aDd case yields 
are shown in Table C. 

1 Table C. Annual yield for establishment and production years 
Year Tons(FreshWeigbt) GaDOIISOU 

l 4 
5 
6 

7+ 

0.5 
1.0 
2.0 
2.5 

pet ..... 

22.5 
44.9 
89.9 

14.2 
28.4 
56.7 
70.9 1 112.4 

I ~. Growers can market their oJives in different ways. This study loob at two approaches; the 
grower processes and markets their oil (Tables 4-8) versus the grower selling raw oJives to aD oil proc:esslX 

I (Tables 9-11). Returns. shown in Tables 7 and 10. wiD vary and the yields and prices used in this cost study 
are an estimate taking into consideration current situations. For grower pllX emd and marketed on. aD eAinlBted 

_ price 0($120 per case of oJive oil Is used (Table 5). A range from $80 to '140 per case Is used in Table 7. 

1 Growers selling their oUves fIX pressing typIcaDy receive in the nmge of S350 to $500 per too and. on 
rare occasJOIIS. upwards of $1.000 per ton forcertaln oJivevarietles. A price of,500 per too Is used in Tables 9 ! and 11 which Is similar to the price paid for canning olives. Table 10 includes a range from'350 to $650 per 
ton. 

l RIsk. The risks associated with producing and marketinl olive oil are significant. WhUe this study 
makes every effort to model a production system based on typical. real wodd practices. it • IIplll( fuDy I represent ftnancIaI. agronomic and market risks which affect the profItabilJty and KOPIanic viability of oJive oil 
production. A market channel should be determined before olives are planted and brought into productiOD. I Though. n~ used in this study. crop lnsorance Is a risk maDalJemenl tool avaDable to Slonas. 

I 0Vm0mAD COSTS 

[ CnJa ~eJ_d. Cash overhead consists of various cash expenses paid out durfnJ the year that are 
assigued to the whole farm and not to a particular operation. These costs include propaty taxes. lntaest on 
,operating capital. office expense. Ilabllity and property insurance.1IIIIJIIIgeI1K! services. aDd equI)P'6" repairs. 
~h overhead costs are found bt Tables 1. 4-6. aDd 9. 

l Property TIDieS Counties charge a base property tax rate of 196 on the ass E II d value of the JIIOpetty. 
lin some counties special assesslliellt districts exist aDd cbaige additional taxes on property Inc::JucHoB "'1' ......... 
bulldlngs. aDd Improvements. For this study. cOODty taxes are calculated as 196 
lfthe average value of the property. Average value equals new cost plus saJvase value divided by 2 on. per 
acre basis. Costs aDd salvage value for investments are shown in Table 5. 

Interest On Operating Capital. Interest on operating capital Is based on cash operating costs and is 
Calculated monthly until harvest at a nominal rate of 9.6996 per year. A nominal bttaest rate Is the going market 
roM of borrowed funds. 
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Management Fees. Professional management services are contracted by the orchard owner. 
services include horticultural and pest management advising. A fee of $75 per acre is charged. 

t 
These 

I 
Insurance. Insurance for farm investments vary depending on the assets included and the amount of 

coverage. Property insurance provides coverage for property loss and is charged at 0.713% of the average valuef 
of the assets over their useful life. Liability insurance covers accidents on the farm and costs $469 for the entlrJ 
farm. 

I 
Office Expense. Office and business expenses are estimated at $2000 annually. These expenses include' 

office supplies, telephones, bookkeeping, accounting, legal fees, etc. 

i 
Capital Rec:uvery Costs. Although farm equipment on olive orchards in the region might be purchased 

new or used, this study shows the current purchase price for new equipment. The new purchase price lsi 
w:ljusted to 60% to indicate a mix of new and used equipment. Annual ownership costs for equipment and otherl 
investments are shown in Tables I, 2 • 4-5. and 9. They represent the capital recovery cust for investments on. 
an~~~~ I 
Capital recovery cost is the amount of money required each year to recover the difference between the purchase I 
price and salvage value (unrecovered capital). Put another way. it Is equivalent to the annual payment on a loan 
for the investment with the downpayment equal to the discounted salvage value. This is a more complex 
method of calculating ownership costs than stralght-lIne depreciation and opportunity costs, but more 
accurate1y represents the annual costs of ownership because it takes the time value of money into account 
(Boeb1je and Eidman). The calculation for annual capital recovery costs Is as follows. 

[(Pu"'.,..,. - Sal"8e)x(Rc::.~/ry)]+ [Sal .. S." IM'rut] 
PrlC1!! Value Factor Value 'Rtstt 

Salvage Value Salvage value is an estimate of the remaining value of an investment at the end of its life. 

J 

I 
I 

For farm machinery (e.g .• tractors and implements) the remaining value is a percentage of the new cost of the I 
investment (Boehlje and Eidman). The life In years is estimated by dividing the wear-out life, as given by the 
ASAE by the annual use in boors. Salvage value Is calculated as: 

New Price X 0/" Remaining Value I 
Salvage value for other investments Including irrigation systems, buildings, and miscellaneous equipment I 

Is zero. The salvage value for land Is equal to the purchase price because land does not depreciate from use. The 
purchase price and salvage value for certain equipment and investments are shown in Table 5. I 

CapJtal Rerovery Factor. Capital recovery factor is the amortization factor or annual payment whose 
present value at compound interest is 1. It Is the function of the interest rate and years of life of the I 
investmentInrerestRale. The interest rate of 7.40% used to calculate capital recoverY cost Is the USDA-ERS's 
ten year average of California' 5 agricultural sector long-run rate of return to production assets from current 
income. It is used to reflect the long-term realized rate of return to these specialized J 
resources that can only be used effectively in the agricultural sector. In other words. the next best alternative 
use for these resources Is in another agricultural enterprise. 

8 
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U.C. COOPERATIVE EXTENSION 

, 
Table 1. SAMPlE COSTS PER ACRE TO ESTABLISH AN OLIVE ORCHARD 

NORTH COAST OF CALIFORNIA -1999 

1 Labor _; $13.134lr. macI1ine Iabc< Trees Per Acre; 100 
$9.85h. "",,·machile labor Lcng Term Interest Rate; 7.4% 

Cost Per Acre 

0011 Year 1st 2nd 3rd <4th 5th 

Fresh Toos Per Acre <15 1.0 2.0 
Gallons Per Acre (19% 011 &00% extractlon 1 st press) 22.5 44.9 89.91 

I'tamingCosts: 

Erosion Gon1roI Plan & Fees $1,270 

l1lf1d P"'I"""t'''"' • Erosion c..- 200 

I l1lf1d PreparatIon • SUbsoIl 125 
Land Preperaliun . Disc 50 
TIl!eS; 100 Per Acre (1% In 2nd yeml 724 $8 

I SuIVey. Mark. DIg Holes & Plan! 720 8 
WlapTrees 224 
Weed Control· Pre-emergent Strip Spray 47 

TOTAl PlANTING COSTS 3.360 16 I 
Culluml Custs: 
I'ruIing And SUcI<emg 11 17 $17 $100 $270 $360

1 IlrUSh Disposal 21 21 21 
IrrigaIe 38 78 158 258 258 258 
FenlIIzer· Nilrugen 12 13 16 18 22 22 
Weed c..- . SUmmer Residual Herbicide 47 

191 Weed c..- . Sptt Sj:vay 3X 19 19 19 19 19 
Weed c..- . Mow Centers 3X 25 25 25 25 25 25 
Weed Control • DMnant ResIdual HeIIlidde 25 35 11 11 11 

111 
Disease c..- . Peacock Spcx & OlIve Knot 100 100 100 
PlctwpTruckUse 160 160 160 160 160 160 

TOTAL CULTLIRAL COSTS 200 394 4Il6 792 BII6 :1 Harvest Costs: 

Hand PIck OMs 175 350 

TOTAL HARVEST COSTS 175 360 

':1 IntereSt On Operadng C8pta1 @9.69% 383 17 22 38 39 

TOTAL OPERATING COSTS/ACRE 4.013 427 428 1.005 1,275 1,708 

Cosh OVerhead CusIS 

133 I 0IIk:e Expense 133 133 133 133 133 
L1abiIiIy InsI.Imnce 19 19 19 19 19 19 
Monageme1t Fees 25 25 25 25 25 25 
PrupeIty Taxes 173 174 173 181 181 181 I 
PrupeIty Insurance 124 124 124 129 129 129 
InlleSlment Repairs 58 58 58 58 58 58 

TOTAl CASH OVERHEAD COSTS 532 533 532 545 545 545 

TOTAl CASH COSTS/ACRE 4.545 960 960 1.550 -1,820 2,253 

INCOME/ACRE FROM PRODUCTION 250 500 1.000 

I NET CASH COSTS/ACRE FOR THE YEAR 4.545 960 960 1.300 1.320 1,253 

ACCUMULATED NET CASH COSTSIACRE 4.545 5,505 6A65tW~jd~ti~tlt~ 9,085 10.338 I 

I 
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1 
I UC COOPERATNE EXTENSION 
J TaIlfel.-.od 

, Costl'lr_ 

1 y- 1st 2nd 3Rt .. 911 .. 
FIIIShT .... PerIlae liS 1.0 2JI 
~ Per IIae O!l'll. .. 6110%_· 'hl 1stpessj 225 44.9 au , 

l CapIaI RIeaM!Iy ~ 
UnlC> $15.OO1lo'1'11ld111ae 1,110 1.110 1.110 1.110 1,110 1.110 
S/'qI BI.tcIng 91 9T 97 91 91 91 

I IrrIgaIIon SysIem 80 80 80 80 80 80 

I S/'qIToois 19 19 22 22 22 22 
PnmgToois 5 11 5 5 5 5 
E ........... W W m - - -r TOTAl. CAPITAl. RECOVERY COST 1,558 1,558 1.547 1._ 1,_ 1._ 

TOTAL COST/ACRE FOR THE YEI\R 6.103 2.S1. um 3.252 i522 U55 I TOTAL COSTICASE FOR THE YEI\R 229 124 70 
INCOME/ACRE FROM PRODUCTION ilii !iii 1.GOD 
TOTAL NET COST/ACRE FOR THE YEI\R 6.103 uli um :um Ul2 lJI55 . I TOTAL ACCUMULATED NET COST/ACRE 6.103 II.IIZ1 11.128 ,,,,'3D ".1§ 211.107 

J 

I 
Iy !iii iii 
I F-TIllS 1'Ir_ 

.. 
liS 1.0 iii 

. ~l'IrllaeOn."Io __ acslo,,'stpessj 225 44JI .. I c-s I'Ir _112.5001111_ per case) 14.2 2U S7 

Pi.. '1, and 1111"''''19 Costs: 
Pn!SS. I'I1XesS. -. ~ 6 QIIIt 1115 1,B U13 

'_c-.Ol 312 .. 1.247 

i;AL PROCESSIIIG AND MARICETING COSTS 1117 ,. UII! 

11 
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U.C. COOPERATIVE EXTENSION 
WHOLE FARM ANNUAL EQUIPMENT. INVESTMENT. AND BUSINESS OVERHEAD COSTS 

FOR PRODUCING OLIVE OIL 
NORTH COAST OF CAliFORNIA - 1999 

ANNUAl EQUIPMENT COSTS 

- Cash Overhead -
Yrs Salvage Capital Insur-

Yr Description Price Life Value Recovery once Taxes 
99 55 HP 4WD Tractor 31.102 12 7.776 3.575 139 194 
99 Mower - flail g' 7.372 10 1.304 976 31 43 
99 PIckup Trud< - 112 Too 18.200 7 6,904 2,636 90 126 
99 Weed Sprayer - 50 Gal 1,500 15 144 163 6 6 

TOTAL 58.174 16.128 7.351 265 372 
60% of New Cost • 34.904 9.577 4.411 159 223 

• Used 10 reIIect. mix of new and used equipment 

ANNUAL INVESTMENT COSTS 

___ .m_ Cash OVerhead .mh __ • 

Descriplioo 
INVESTMENT 
Buildings 
IrrIgadon System 
Land 
0Il\Ie Q'chaId ESUlbishment 
Pruring ToolS 
ShopToIis 
TOTAL INVESTMENT 

Yrs SaI1Iage Capital Insur· 
Prtce LWe Value Recove~ once 

15.000 20 1.450 53 
15.350 40 1.205 55 

3OO,(lOO 50 300.000 22.200 2.139 
l1M75 56 8.780 415 

200 3 20 71 1 
3.000 15 300 326 12 

450.025 300.320 34,042 2.675 

ANNUAl BUSINESS OVERHEAD COSTS 

Descr1pIIon 
liability Insurance 
Management Fee 
0IIIce Expense 

Unltsl Pricel 
Farm Un. Un. 

20 Acre 19 
15 Acre 75 
15 Acre 400 

HOURLY EQUIPMENT COSTS 
FOR PRODUCING OLIVE Oil 

NORTH COAST - 1999 

Taxes Repair. 

75 300 
77 450 

3.000 
592 

1 50 
16 70 

3.752 670 

Total 
Cost 
378 

1.125 
6.000 

Total 
3.908 
1051 
2651 
In 

7.988 
4.793 

Total 

1.889 
1.787 

27.339 
9.778 

122 
424 

41.339 

h. __ • __ hhh.h ___ hh.h __ hCOSTS PER HOUR ____ h.h ____ h ____ • __ h __ _ 

99 55 HP 4WO Tracfa' 
99 Mower· flail 9' 
99 PIckup Truck ·112 Too 
99 Weed Spmyer • 50 Gal 

ActUal 
Hours 
Used 
35.40 
17.20 

265.00 
15.00 

50.58 
34.08 
5.55 
6.53 

- Cash Overhead --
Insur· 
ance Taxes 
2.35 3.29 
1.08 1.51 
0.19 0.26 
0.23 0.33 

12 

hh ___ " ____ Operating .h ......... 

Repairs 
0.59 
3.00 
1.33 
0.39 

Fuel & TOIaI 
w.. Oper. 
1.93 2.51 
0.00 3.00 
2.93 4.26 

0.39 

Total 
CoSISIHr. 

69.73 
39.69 
10.26 
7.49 

• , 

I 
I 
I 
I 
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u.c. COOPERATIIIE EXTENSION .. Tallie 4. COSTS PER ACRE m I'RODlIC£ OCII/E 011. 
NORTH COAST • 1999 

i labor -= S13.13ihf.1lWldlhl1oIlIlf ----" 
__ .1IOIHYI8dfne IoIlIlf VIoId par -. 11.0 casas 

~ cash lind Labot &SiS pet Acre 
lime labor FuoI.I.JIbe ~ ~ T_ Your 

;II 0penIII0n (HrsIA) COSII IrRepllils COSII Rent Coot Cos!: 
CUIIuraI: 
Intg8Ie Cl.IIO 8 0 2!11) 0 s 

1 weed CorbI- Spot Spay 3X 0.15 12 2 5 0 19 
I'rl.Iq a. SucIIer om 0 0 0 3l1li 3l1li 
weed CorbI- _MIddIes 3X 1.15 18 7 0 0 25 
F_-NIKIgen 1.1l1) 10 0 13 0 22 .. -0I5p0saI om 0 0 0 21 21 
weed CorbI- ResIWaI D.2S 4 1 18 0 23 
Ilis085eCorbl- _Spot om 0 0 2. 20 .. 

1 PIdcup Trudl Use a.m 128 34 0 0 190 

TOTAl CUI. TURAl COSTS 11.115 1'18 44 XIII «11 m -1 HlmPlcl< om 0 0 0 m m 
TOTAl HARVEST COSTS om 0 0 0 m m 
I'IOcIIS5 .. _ 

J Pless. I'IocI!ss. 1IcIIIIe.1..IlIleIa. Cod< om 0 0 U!I5 0 U!I5 
~ om 0 0 1.5112 0 1.5112 

TOTAl PROCESS "MARKET COSTS om 0 0 4.1151 0 4.1151 

J 
_ ........ iiiogC"' ..... 9.69% 10 
TOTAl OPERAnNG COSTS/ACRE l18 •• 5,267 lEi 11.»4 
CASH OVERHEAD: 

I 
0IbEJpan!e 133 
I.labIIy m.nnce ,. 
Mal ...... 25 
PIOpeIIyT_ 188 
PIOpeIIy- 1M 
In! U1SJ&1l RepIIiIs !III 

TOTAl CASHO\IERHEADCOSTS sa 
TOTAl CASH COSTSIACRE 'lB 
CAPiTAl RECOVERY COSTS (1 ..... -.: 

PIW pIOIkIIoJ -AnlUllCoot-
In! astI .... - c..--, 
IJnI 15.1lDO 1.110 1.110 
IIIMIgs 1,1D1 81 81 
III1goIIDn Syswn 1.1123 80 80 
Slq>TOOIS 200 22 22 
I'rl.Iq TOOlS U 5 5 
QlwltClrdwdf ..... ' .8. 7.11!5 5115 5115 
~ 

,_ 
m 233 

TOTAl CAPITAl RECOVERV COSTS 2lI.II07 2.132 2.132 
TOTAl COSTSIACRE t.SII5 

J 
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Table 5. 
U,C, COOPERATIVE EXTENSION 

COSTS AND RETURNS PER ACRE TO PRODUCE OLIVE OIL 
NORTH COAST, 1999 

Labor Rate: S13.1311lr. machllelabor _Rate; 9.69% 

GROSS RETURNS 
Olive OU 

$9._. rJllIHTIl!Chine labor 

TOTAL GROSS RETURNS FOR OUVE OIL 
OPERATING COSTS 
Irrlgatlor1; 
Water 

Heo1lldde; 
Rculdup Ullm 
Karrnex OF 
PrIncep caliber 90 

Custom; 
Prune Trees 
Shred Brush 
H_ Pick Fruit 

FertlHzer: 
4s.o.o 

Fungicide; 
Kocide 

Ccn!racI; 
Ground AppIIcl1Ilon 

Procemg & Ma!tcetIng; 
Press & Process 
IIoIIling Charge -LabeI&COIk 
Mao1<edng Charge 

Labor (machIne) 
Labor (non.macl1ine) 
Fuel, Gas 
Fuel ' Diesel 
WJe 
MachIneIy repair 
_on~@9,69% 

TOTAL OPERATING COSTS/ACRE 
NET RETURNS ABOVE OPERATING COSTS 
CASH OVERHEAD COSTS; 
0IIite Expense 
LIablIIIy InSurllllCll 
Managemerl Fee 
Properly Taxes 
Properly InSll'lll1Cll 
Investment Repairs 

lMd 
BuIldIngs 
irrigation System 
Shop Tools 
Pruring Tools 
0I1IIe Orchard EsIabIishment 
Eq~pmenI 

TOTAL CAPITAL RECOVERY COSTS/ACRE 

Quarl!ilylAcre Unk 
Prk:e or 

CosWnit 

71.00 Case 120.00 

30.00 Acln 8,33 

0.60 Pint 7,84 
2.00 Lb 4.84 
2.00 Lb 4.22 

1!lQ.OO Tree 2 
1.00 Acre 21 
2.50 Ton 350 

45.00 LbN 0279 

aoo Lb 2.99 

1.00 Acre 20 

2.50 Ton 350 
71.00 Case 3.5 
71.00 case 25 
71.00 case 7 
71.00 Case 22 
12.18 Hrs 13.13 
1.00 Hrs 9.85 

20.00 Gal 1.02 
6.36 Gal 0.62 

14 

Value or 
Cost/Acre 

8.520 

8,520 

250.00 

5.00 
10.00 
8.00 

360.00 
21.00 

875.00 

13.00 

24.00 

20.00 

875.00 
249.00 

1.715.00 
497.00 

1.562.00 
160.00 
15.00 
20.00 
4.00 
4,00 

16.00 
10.00 

6,714.00 
1.746.00 

133.00 
19.00 
25.00 

189.00 
134.00 
58.00 

1.110 
97 
80 
22 
5 

585 
233 

.. 
yOU! 
Cost I 

1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
a 
, 

i 

I 
t 
, 
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u.c. COOPERATIVE EXTENSION 
T_S. MlNnl.Y CASH COSTS PER ACRE TO PRODUCE 0lNE 011. 

NORTH COAST Of CAllFORNIA - I_ 

IIegirIIW1g MAR !III MAR APR MAY JUN JUt AUG SEP OCT 
~ FEB!III 98 !III 98 98 98 98 98 98 
CUiUI1II: 
IrrigaIe 18 23 33 36 51 46 28 18 
Weed CoraoI· Spot SpnIy 6 6 6 
I'rIr*Ig 6_ 1111 1111 
Weed CoraoI-__ 

6 8 8 
FerIIizer • NIIrogen 22 
BnlsllDispoSIII 21 
Weed CoraoI· -..11oo1>i:lde 23 
DIsease CmRI· Peacodt SpnIy 
Pir:IqI TIIld< use 13 13 13 13 13 13 13 13 

TOTAl Cut T\JRAl COSTS 38 254 256 66 64 59 42 55 -Hand Pid!. 

TOTAl HARVEST COSTS 
_6_ 

Pless. -. -. ~ 6 COde 

~ 
TOTAl PROCESS 6 MARI<ET COSTS 
-cnllflll1llllV Capi11119_]1 D 2 4 5 5 6 6 1 
TOTAl OPERATING COSTSIACRE 38 256 2111 71 10 B 48 iii 
CASH OVERHEAD: 
<J/i:e EJcponse 11 11 11 11 11 11 11 11 
LiIIIlIIy IISIInInCe 19 
Mawgeti •• Fee 2 2 2 2 2 2 2 2 
PnJpeoIyTams 94 
I'Iqlat;J IISIInInCe 67 
In' ., •• AepIIIs 5 5 5 5 5 5 5 5 

TOTAl CASH OVERHEAD COSTS 37 18 lB 18 1111 18 ,. 18 
TOTAl CASH COSTSIACRE 75 274 m 811 2ii 83 iii 79 ]""-_qa __ llleclisoou'lled=IO ... =OIG1G_ 

15 

NOV DEC JAN FEB TOTAl 
98 98 98 91 

2!511 
19 

38) 

2S 
22 
21 
23 

44 44 
13 13 13 13 1111 

13 51 13 13 932 

438 438 IPS 

438 43B BI5 

331115 331115 
1562 1562 

4Ili1 4Ili1 
7 11 -44 0 10 

2D Bi • 13 ifi4 

11 11 11 11 133 
111 

2 2 2 2 2S 
94 ,. 
67 '" 5 5 5 5 51 ,. ,. lID 18 -Ii 5M 5544 31 im 

.,..~ 
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U.C. CCOPERA TlVE EXTENSION 
I, 

Table 7. RANGING ANAlYSIS 
FOR PRODUCING OLIVE OIL 

NORTH COAST OF CALIFORNIA. 1999 

-

t 
YIELD(CASEIACRE) 

40 50 60 70 90 90 100 
OPERATING COSTS/ACRE, 
Cultw'al Cost 932 932 932 932 932 932 932 1 
Harvest. Process & Market Costs 3.286 4.107 4.929 5.750 6,572 7.393 8215 

1_ on operBIi1g caplial 28 22 17 11 5 0 ·6 t 
TOTAL OPERATING COSTS/ACRE 4245 5.061 5,877 6,693 7.509 8.324 9140 
TOTAL OPERATING COSTS/CASE lOS 1m 98 96 94 92 91 

CASH OVERHEAO COSTS/ACRE 558 558 558 558 558 558 558 l 
TOTALCASHCOSTSIACRE 4,803 5.619 6.435 7251 8.067 9,883 9999 
TOTAL CASH COSTSICASE 120 112 107 104 1m 99 97 I 
NON·CASH OVERHEAD COSTS/ACRE 2.132 2.132 2.132 2.132 2.132 2,132 2.132 

TOTAL COSTSIACRE 6.976 7.792 8.608 9.424 10240 11.055 11.871 
TOTAL COSTSiCASE 174 156 143 135 128 123 119 l 

NET RETURNS PER ACRE ABOVE OPERATING COSTS FOR PRODUCING OUVE OIL I 
PRICE YIELD 

(OOLlARSICASE) (CASESIACREI 
Olive 011 40 50 60 70 80 90 100 

80 .fI45 ·561 -477 ·393 ·309 ·224 ·140 I 
90 ·245 ·61 123 307 491 676 860 
100 155 439 723 1.007 1.291 1,576 1.860 
110 555 939 1.323 1.707 2,091 2,476 2.860 
120 955 1.439 1,923 2.407 2,691 3.376 3.860 i 
130 1,355 1,939 2.523 3,107 3,691 4,276 4.860 
140 1,755 2,439 3,123 3,807 4,491 5.176 5,860 

1 
t 

90 ~ .fI19 -435 ·251 ·67 117 301 
100 -403 ·119 165 449 733 1,017 1.301 
110 ·3 381 765 1,149 1.533 1.917 2.301 

i. 
120 391 881 1.355 1,l149 2,333 2.817 3,301 
130 797 1.381 1,965 2,549 ],133 3,717 4,301 
140 ],249 L 

NET RETURNS PER ACRE ABOVE TOTAl COSTS FOR PRODUCING OlIVE OIL 
PRI<.;E YIELD L 

(OOLLARS/CASEI (CASES/ACRE) 
OlIve 011 40 50 60 70 80 90 100 " 80 ·3,316 ·3,292 • 3,206 ·3.124 ·3.040 ·2,955 ·2,871 

90 -2.976 .2,792 ·2.608 ·2.424 -2.240 ·2,055 ·1.871 • 100 ·2,576 ·2,292 ·2.008 .1.724 ·1.440 ·1.155 -871 
110 ·2.176 ·1.792 ·1.408 ·1.024 .s4O ·255 129 
120 ·1,776 ·1,292 -808 ·324 160 645 1,129 
130 ·1.376 ·792 ·208 376 960 1.545 2,129 

f .. 
140 ·976 ·292 392 1,076 1.760 2.445 3.129 

b 
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u.c. COOPERATIVE ElITENSION 
COSlSANORETURNSI BRfAKEVEH ANALYSIS 

FOR PROOIJClNG OU\/E OIl 
NORTH COAST OF CALIfORNIA ·1I11III 

COSTSANO RETURNS· TOTAl. ACREAGE 
2. 0;;:;;;;; 3. NelRfIUnS 4. &siI 

Cools _Ope<. Cools 
Cools (1·2) 

6.774 1.746 7,373 

Cools _Ope<. 
Cools (1·21 

127,l1lO 101,616 26.114 

IlREAKEVEN PRICES PER YI£U) UMT 

1.147 

--III.""I __ To= 

.-$ per Yl8id UnII 
71 85.41 10184 

BRfAKEVEHVIElDS PER ACRE 
--ar==: YiIId To c= 

YIeld -- ClpIInIeIg ca;, 
unIIs ($IUnIII COIls COIls 

YIiIid UnIIs ,_ 
Cese 120 56.5 61A 

17 

·14.181 

T .... 
COIls 
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Table 9. 
U.C. COOPERATIVE EXTENSION 

COSTS AND RETURNS PER ACRE TO PRODUCE 
OLIVES SOLD FOR Oil 

NORTH COAST OF CALIFORNIA -1999 
laborRale: $13.131hr. machine labor lnIerestRale: 9.69% 

$9.85I!1r. noo·mathIne labor 
Price or Value", 

QuamyfAcre Unk CoSIJUnit CoSliAcre 

GROSS RETURNS 
Olives SOld For O. 2.50 Ton 500.00 1,250 

TOTAL GROSS RETURNS FOR OLIVE SOLO FOR OIL 1,250 

OPERATING COSTS 

lIIIgatlon: 
water 30.00 Acln 8.33 250 

He!biclde: 
RotMldup UUa 0.60 Pint 7_84 5 
KarmexDF 2.00 Lb 4.84 10 

PrIr1cep Cefiber 90 2.w lb 4.22 8 
Custom: 

Pr\A'1e Trees 8O.w Tnee 2.w 360 
ShmdBrush 1.00 Acre 21.00 21 

Hand PIck Fruk 2.50 Ton 35O.lD 875 
Ferdlfzer: 

46-().() 45.00 LbN 0279 13 

FlI1gIcIde: - 8.00 Lb 2.99 24 

0iXIIraCt: 
GroundApp_ 1.00 Acre 2IlOO 20 

labor !machine) 12.18 Hrs 13.13 160 
labor (non-machine) 1.80 Hrs 9.85 19 

Fuel-Gas 20.00 Gal 1.02 20 

FueI- Diesal 6.36 Gal 0.62 4 

WIe 4 
MachInery repair 16 
_on~@9.69% 51 

TOTAL OPERATING COSTS/ACRE 1.857 

NET RETURNS ABOVE OPERATING COSTS -807 

CASH OVERHEAD COSTS: 
0IIice Expense 133 
liability Insurance 19 
M~Fee 25 
Property Taxes 199 
Property Insurance 134 
I_Repairs 58 

TOTAL CASH OVERHEAD COSTS/ACRE ssa 
TOTAL CASH COSTS/ACRE 21115 
CAPITAL RECOVERY COSTS (7.4% Interest Rate~ 
I..Ir1d 1.110 

BUldlngs 97 

Irrigation S~ 80 
Shop Tools 22 
Pnuring Tools S 

OlIve Orchard Establishment 585 
EqUprnent 233 

TOTAL CAPITAL RECOVERY COSTS/ACRE 2.132 
TOTAL COSTS/ACRE 4.589 
NET RETURNS ABOVE TOTAL COSTS -3,336 
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1 U.C. COOPERATIVE EXTENSION 
T_lO. IWIGINGANAl \'SIS 

OlIVES SOLD FOR 01.. 

J 
NORTH COAST OF CALIFORNIA -11199 

i 
1.75 2JXl 2.25 

OPERATING COSTSIACRE: 
CuIbnI ec..t 93Z 93Z 93Z 
HarwIslec..t 613 lID 7811 

J _III OjlOIiII1n9 CIII*II 51 51 51 

I 
TOTAL OPERATING COS'ISIACRE 1.5115 

,_ 
1.no 

TOTAl OPERATING COSTSlfON 11'11 841 711'1 

CASH OVERHEAD COS'ISIACRE 558 558 558 

( TOTAl CASH COSTSIACRE 2.153 U«I 2.328 
TOTAl CASH COSTSIfON 1.230 1.1211 l.03S 

J 
NON-CASH OVERHEAD COSTS/ACRE 2.132 2.132 2.132 

TOTAl COS'ISIACRE 4.3211 ..... ,3 U01 

j 
TOTAL COSTSlfON 2A72 2.2117 2.IIXI 

i! 
j 

I 
J 

GJ -895 .aII2 -870 .a57 
45D .., ·782 ·757 -732 
5CXI ·7211 .- .- .., 
5!iD .IJ32 -582 -532 .. 

i eoo -545 .. -4211 -351 

I 

J 

GJ 
45D -&513 -3A63 
5CXI -3.413 -3.338 
5!iD -3.313 -Ut3 

• eoo -3.2l3 -3.0IIII of 
5!iD 113 

I 19 

I 

2.!11 2.J5 

m 93Z 
81S lID 

51 51 

1.1157 lJM5 
743 7111 

558 558 

2.415 2.5D3 - 910 

2.132 2.132 

4,5l1lI 4.tmI 
lJB5 l.lID 

.&45 .IJ32 

.7f11 .-
-SlO -532 
-432 .3IJ2 
.as -232 

-3.4311 -3.413 
.uot -3,2113 
-3.1113 -3.113 
.:1.0211 .2.IIIll 

-2.813 

3.111 

m 
1,1l1!i1O 

51 

zmz 
fiTI 

558 

UIIO 
lID 

2.132 

4.1111 
1.saa 

125 

93Z 
1.138 

51 

2.1211 
II5Z 

558 

UI8 
1M 

2.132 

4.EI 
1.-

.U) 

.a57 ... .. 
·1'10 

·UtS 
·1.053 .., 
·ne 

.aa 
-3,22Ii 
.1OIJ3 
-2.1101 

.------.~~-
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Table 11. 

1. Gross 
Retums 

Crop 
Olives SOld For au 1.250 

1. Gross 
Retums 

Crop 
Olives SOid For au 18.750 

CROP 

Olives SOld For 011 

U.C. COOPERATIVE EXTENSION 
COSTS AND RETURNS I BREAKEVEN ANALYSIS 

OLIVES SOlD FOR OIL 
NORTH COAST OF CAUFORNIA· 1999 

COSTS AND RETURNS· PER ACRE BASIS 

z. 0penIting 3. Net Returns 4. Cosh 5. NetRewms 
Costs AboVeOper. Costs AboVe Cash 

Costs (1-2) Costs (1-4) 

1.857 -607 2.456 ·1.206 

COSTS AND RETURNS. TOTAL ACREAGE 

2. DIleratlnc 3. NetRewms 4. Cash 5. NetRewms 
Costs AboVeOper. Costs AboVe Cash 

Costs (1-2) Costs (1·4) 
27.8511 -9.109 36.837 -18.087 

BREAKEVEN PRICES PER YIELD UNIT 

Base Yield Operating Cash 
(UnllSlAcr UnllS Costs Costs 

6. Total 
Costs 

4.588 

6. Total 
Costs 

68.824 

Total 
Costs 

...... no ....... $ per Yield Unit.n n"' •• m. 

2.5 Ton 742.91 982.32 1.835.31 

BREAKEVEN YIELDS PER ACRE 

Yield Base PrIce Operating Cash Total 
CROP UnllS ($/Unit) Costs Costs Costs 

............. Yield UnkslAcre ............ . 
Olives Sold For 011 Ton 500 3.7 4.9 9.2 

20 

7.NetRewms 
AboVe Tetal 
Costs (1-6) 

-3.338 

7.NetRewms 
AboVe Tetal 
Costs (1-6) 

-50,074 
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INTRODUCTION 

I 
f 

This study includes detailed costs and underlying assumptions for establishing an olive orchard an1 
producing olives in the North Coast of California for either pressing and marketing for oil or selling the fruit t~ 
an oil processor are presented in this study. The hypothetical farm used in this report is 20 acres. 15 of which 
are in olive production. Annual production costs are presented both for operations growing olives anq 
producing olive 011 (Tables 1-4) and operatioos for selling olives to processors (Tables 9-11). Tables 5 and!i 
pertain to both types of operations. 

This study is intended as a guide only. It can be used to make production decisions. determine potentiJ 
returns. prepare budgets and evaluate production loans. Sample costs given for labor. materials. equipment an<\ 
contract services are based on current figures. Costs and practices detailed in this study will not be applicable tel 
every situation. A blank. Your Cost, column is provided to enter your actual costs on. 

List of tables: 

Section 1: Orchard Investment Costs 
Table 1. Costs Per Acre to Establish An Olive Orchard 
Table 2. 
Table 3. 

Whole Farm Annual Equipment. Investment and Business Overhead 
Hourly Equipment Costs 

Section 2: Costs to Produce Olives and Process and Market Olive Oil 
Table 4. Costs Per Acre to Produce Olive Oil 
Table 5. Costs and Returns Per Acre to Produce Olive 011 
Table 6. Monthly Cash Costs Per Acre to Produce Olive Oil 
Table 7. Ranging Analysis - Olive 011 
Table 8. Cost and RetumslBreakeven Analysis - Olive 011 

Section 3: Costs to Produce Olives Sold for Processing 
Table 9. Costs and Returns Per Acre to Produce Olives Sold For Processing 
Table 10. Ranging Analysis - Olive Sold For Processing 
Table 11. Cost and RetumslBreakeven Analysis - Olive Sold For Processing 

I 
I 
I 
I 
I 
I 
I 

This and other studies can be obtained through the Department of AgriCUltural Economics. U.C. DaViS! 
(530-752-1515). or from selected county Cooperative Extension offices. For an explanation of calculations or 
assumptions used in this study refer to the attached General Assumptions or call the Department ofl 
Agricultural Economics. University of California • Davis. (530-752-3589). 

The University of California. 10 accardaoce with applicable Federal and State law and University policy. does not discriminate on the basis 
I 

of race. calor. national origin. religion. sex. dlsabUity. age. medical condition (cancer-related). ancestry. marital status. citizenship. s ..... al 
orientation. or status as a Vietnam-era veteran or special disabled veteran, t 
Inquiries regarding the University', nondiscrimination poliCies may he directed 10 Ibe Affirmative Action Director. University of 
California. Agriculture oed Natural Resources. 1111 Franklin. 6" Floor. Oakland. CA 94607-5200 (510) 987-0096. 

1 
2 



J 
i 

I The foDowing Is a description of general assumptions pertaining to sample c:osIS of eslablisldng an 01tve 
, orchard, production of olives for oD, and processing and marketing o1tve oil In the North Coast or CaDfornia. i Practices described are not recommendalfons by the UIIivers1ty of CaUf'omIa. but repeswt productiOll 

procedures and materials considered typical or a weD managed orchard. Some costs. practices, and materials 

I 
may not be applicable to your situation nor used daring every year. Additional ones not Indicated may be 
needed. Establishment and cultural practices vary by grower and regiOll; varladODs can be slgnlflcant. These 
costs are on an annoal. per acre basis. The use oflrBde names in this report does not constitute an endorsement 

I or recommendation by the University of California nor Is any criticism implJed byomlssiolJ of other sfmJla.r 
producl5. 

I LImd. The farm consists of 20 acres of Jand. Fifteen acres are planted to olives aad the remainIDg DYe 
acres include roads. lrrigalfon systems, unused land. and farmstead. 1'I0petty costs $15.000 per acre. Land Is 

I not depreciated. 

LaIa-. Hoorly wages for workers are $9.80. and $7.35 per hour for skilled. aud fteJd 'WOlken 
,respectively. Adding 34% for Workers Compensation. Social Securlty. Medicare In:sunmc:e. aud other possible 
, benefits gives the labor rates sbown of$13.13 per hour for skilled labor. and $9.85 per hour for field labor. 
Labor for operatiODs involving machinery are 20% bigber than the operaIioll time given In Table 1 to BCC(IImt for 

I the extra labor Invoived In equipment set up. moving. maintenance, work breaks. aad repair. 
I Wages for management are not included as a cash overhead cost. Any return above toI8J c:osIS Is 
, considered a return to management 

Trees. Mission Is the olive cuJtivar assumed In this study. Mission olives wID produce between 40-45 
• gaDons of oil per ton. Some or the cultivars lepllSeilting the on acreage hlstorlcaJly plllDlPd ID CaJifonda incJude 
ilMissiOn. Sevmann. and Ascolano. TraditiOllal European oD producing varledes that have been established In 

Umited plantings In the region are Frantolo. I ecdoll. Pendolino, MaurIno. Moraiolo. aud Ad!eqallw The cost or 
jEuropean nlll'SetY stock can be twice that or MisslOll. A more Inclusive list or on produdng varieties aud their 
'characteristics can be found In Olive PrrxIucIJon ManuaL DANR PublJcation 3353. 

The trees are planted at 12' X 20' spacing. 180 trees per acre. 01tve trees have a long produc:dOllllfe If 
\they are weD maintained. The life or the orchard at the time or planting ID this study Is .... 1" .... eIl to be 60 yean. 

1:rriptI-.. The water cost for IrrIgatiOllIs the pumping charge. The cost per acre-foot for water wID Iv-! by grower In this region depending on various weD characteristics and other irrIgatlOIl factors. ... this 
study. water Is calculated to cost Sl00 per acre-foot. IrrtgaliOD rates Inciease each year., the .. chad matwes 
;md Is shown for establlsbment and production years iu Table A. Que acre-foot or water Is assumed to be 
PvanabJe fiom rainfall. 

Table A. Olive orduud waIer use 

1 0.3 
2 0.7 
3 1-' 
4+ 2.5 

3 

II 

,~ 
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Because the orchard is planted on sloped land, water is delivered to the orchard by microsprinklers in the 
tree row. The irrigation system Is installed and completed before the trees are planted. The pump, filter stationl 
mainlines. laterals. and risers have an expected useful life of 40 years. The life of the microsprinklers ani 
estimated at 10 years. The irrigation system is considered an improvement to the property and Is shown in the 
capital recovery sections of Tables 1-3 and 9 and the Iovestrnents section of Table 2. I 

ORCHARD EsTABLISHMENT CULTURAL PRACTICES AND MATERIAL INPUTS 1 
Site Preparation. Olives grown in north coast counties are mainly planted on hillsides. Vari0wl 

county zoning ordinances require owners to manage erosion on disturbed soils on hillsides. In this study. an 
erosion control plan is developed by a professional engineer. County fees are paid and the control plan 11 
implemented by a contract company. 

Land preparation begins with shallow subsoiJIng the soil profile to 12-18 inches in order to break UPI 
any surface compaction which would affect root and water penetration. Subsoiling is performed by contract 
operators. The ground is disced twice to break up large clods of soil and smooth the soil in advance of planting 
the trees. All operations that prepare the orchard for planting are done in the year prior to planting. However., 
for this study, these costs are included with those incurred in the first year as shown in Table 1. 

Planting. Planting the orchard starts by marking tree sites in spring. Holes are dug. trees planted. In I 
the second year, one tree per acre will have to be replanted. Nursery trees should have a single trunk and three 
to four main scaffold branches developing. 

I 
Regular pruning. other than sucker removal, begins In the fourth year and hours required to perform this 

task. as well as costs. increase annually. Newly planted trees should have the 3-4 main scaffold branchesl 
developing at a height of approximately 36 inches. No shoots are allowed to develop below 36 inches. Pruning 
Is performed In spring months. 

Weed Manap_nt. A pre-emergent herbicide is applied immediately after planting. In spring and I 
sununer three applications of a contact herbicide are made to control perrenial weeds. In the first fall a residual I 
herbicide is sprayed along the tree rows to control weeds the following growing season. During the summer of 
the second year a combination of residual herbicides are used to control weeds In the tree rows. Mowing the 
row middles to manage the orchard floor also starts the first year. The orchard is mowed three times each year; i 
each mowing requires two passes with the mower. • 

Inseet and Disease Management. During the developmental years. pest and disease controls are I 
minimal in this study. and not needed until the fourth year. Peacock spot and olive knot are major diseases 
infecting leaves and shoots. causing defoliation and shoot death. In this study. copper Is used to prevent these 
diseases. The copper/peacock spray Is applied In the fall after harvest. Olive oil processors are generally 1 
unwtlling to accept fruit treated with copper. Therefore. copper is custom applied after harvest in the fall. 
Control of Insect pests Is not required during the period of orchard establishment. Occasional control may be t 
needed for black scale. but is not shown for the Immature orchard In this report. i 

l 
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j Fertilization. Nitrogen is the major nutrient required for proper tree growth _ opdmIlDI yields. 
Young trees receive approximately 50% of the mature tree rate applied 3-4 times doring the fP'OWIDI season. 

j Nitrogen fer1Dlzer Is applied In a granular form (46% nJtrogen). at increasing rates during on:bard estabJJs1mMn. 
Annual rates of actual N are shown In Table B. 

J 

J 

J 

1 

TableB. APPli~foroli_ 
Year Pounds N POUiidS Of mea 

1 
2 
3 
4 
S+ 

6 
11 
23 
4S 

*90 

13 
24 
SO 
98 

196 

BstabUshnumt Cest. The establishment cost is the sum of cash costs for 1_ preparatkm. pI ....... , 

J
. trees, production expenses, _ cash overhead for growing oliVe trees through the first year 00 is produced 

minus any returns from production. The Total Accumulated Net Cash Costin the fourth year shoWD ill Table 1. 
represenls the establisllDlent cost per acre. For this study, the cost is $7.765 per acre or $116.475 for the 15 

J acres planted to olives. EstabllshmenJ cost is amortized over the remaining 56 years that the ou:boId is _WIled 
to be In producttun. Establishment cost is used to determine the non-cash overhead, on:bard c:apitlIJ recoftIY 

J expense for production years.. 

J 
PRODUCTION CUL11JRAL PRACTICES AND MA11!IIIAL INPUTs 

I ~. Pruning strategy is critical to production and Is dependent on several factors such as olive 
cultivar and pI ....... density. In this study, pruning Is done In the sprlng by hand. Pruni. are placed ill the ,row middles _ shredded. 

FerdJJzadon. Mature tree nutrltlon is determined by leaf a.IysIs ill July. Nlheeu Is applied ...... 
lof one pound of nitrogen every two years.. In this study the cost fertilizer Is shoWD as half the ... or 0.5 pound 
'of N per tree annuaDy. Fertilizer is In a granular form (urea - 46% nitrogen) _ applied by hand ill ApriL 

, Weed c.ua.a. Weeds in mature orchan:is are controDed with chelldcals _ mowiI:g. Weeds wIhiD the 
!tree rows are controlled with reslduaJ, pre-emetgent herbicides applied ill the faD. DUraeul herbJrldes are used 
. alternately each year. Three spot sprays of a contact herbicide manage weeds missed by residulll heIbicides. 
pww centers are mowed three times annuaIJy during the spring and SlunnB. 

I . Insed aDd Dlilan Maapmeat. One insect _ two disease pesls are trealed. BJaclscale, an insect 
j'le5t, requires occasional insecticide treatment. Adequate pruning controls this pest weD. Only foDowlng cool 
. years or in those orchards that have become too dense would insecticide treatment be required to reduce the 
population to manageable levels. Prevention of the fungal disease, pea coc\ spot. _ the bactaiaI dis B se, nlive 

JuJot requires an aDlDlai spray of copper following harvest and prior to fall rains. In years of heavy raiDs • 
second application is made in the early spring. 

5 
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i 
For specific pesticide choices and rates consult the UC [PM Olive Pest Management Guidelines, DANf 

Publication 3339and Olive Production Manual, DANR Publication 3353. Written recommendations are require, 
for many pesticides and are made by licensed pest control advisors. For information and pesticide use permits, 
contact the local county Agricultural Commissioner's office. Contact your county farm advisor for additional 
production information. " 

Equipment Cash Costs. Equipment costs are compnsed of three parts; capital recovery, cast 
overhead, and operating costs. The operating costs consist of fuel, lubrication, and repairs. 

Repair costs are based on purchase price, annual hours of use, total hours of life. and repair coefficienJ 
formulated by the American Society of Agricultural Engineers (ASAE). Fuel and lubrication costs are also 
determined by ASAE equations based on maximum PTO hp, and type of fuel used. The fuel and repair cost pet 
acre for each operation In Table 2 is determined by multiplying the total hourly operating cost In Table 6 fo' 
each piece of equipment used for the cultural practice by the number of hours per acre for that operation. 
Tractor time Is 10% higher than Implement time (Operation Time) for a given operation to account for fUelingl 
moving equipment, and setup time. Prices for on-farm delivery of diesel and gasoline are $0.62 and $1.02 per 
gallon. respectively. 

I 
Harvest. Harvest starts In the fourth year by a contracted harvesting company. Costs for contracted 

harvest operations are based on fresh tons. Olives for oil are hand picked at the color change stage ot 
purplelblack skin and green flesh In December and January. Care must be taken when harvesting olives becaus' 
damaged or groundfall fruit can spoil and develop undesired odors and flavors which are imparted to the oil. 
Frost can also damage olive fruit and lower oD quality. Maximum yield is reached In the six year. I 

Proeessing and Marketing. Processing olives for oil requires special eqUipment and expertise. Som, 
011 producers also process their olives in their own facilities. but many do not. The two major options fOIl 
growers without production facilities are to sell the olives to a processor or pay to have it processed and market 
the olive oil themselves. Both options are examined in this study. Costs and returns for oil which is producedl 
and sold by the grower are shown In Tables 2-8 and the production costs and returns for olives sold to oill 
processors are presented In Tables 9-11. A description of the different processing procedures are described In 
the Olive Production Manual. DANR Publication 3353 and Producing Olive Oil in California DANR PublicatioJ 
21516. -1 

Olive oil produced In California is marketed as a high quality product and sold for a premium price. Thisl 
is because of the locally high cost of producing olives and competition from lower price Imported olive oil that 
dominate the low and medium quality olive oil markets. Marketing costs include distribution. possible slottlngl 
fees and promotional materials. Selling olive 011 In the gourmet market requires carefui consideration. Product 
packaging and developing a market channel are essential to succeed In the competitive oil marketplace. In this 
study, the cost of processing and packaging is Included as a cost of producing olive oil In the Processing andl 
Marketing cost section of Tables 2-8. Marketing costs are shown as a separate expense under Processing and 
Marketing costs. 

Yields. As noted In the previous section, olives begin bearing an economic crop in the fourth year after 
planting. In this study. olives yield 19% 011 per fresh weight and the oil weighs 7.61 pounds per gallon. With a ! 

90% extractiun rate about 45 gallons of oil per ton of olives Is produced. A case of olive oil consists of 12 - 500 L 
6 



I 
i milliIiter bottles. Typical annual yields for olives are measured In tons per acre. TOI1IlIIge. 00. and case yields 

are shown In Table C. 

,j Table C. Annual yield for establJshmeDt and production:years 
Yeer Tons (Fresh Wels!!tl GalkmsOD Cues 

1 per-
4 0.5 22.5 14.2 
5 1.0 44.9 28,4 

I 6 2.0 89.9 56.7 
7+ 2.5 112.4 70.9 

1 Retw... Growers can market their oHves In different ways. This study looks at two approaches; the 
grower processes and markets their on (Tables 4-8) versus the grower selling raw ollYes to an on processor 

I (Tables 9-11). Returns. shown In Tables 7 and 10. wiD YIIY and the yields and prices used In this cost study 
are an estimate taking Into consideration current situations. For IJOWII' processed and nwketed 00. an estImlted 

. pdce of $120 per case of oHve 00 is used (Table 5). A I'IlIIF ftom $80 to $140 per case is used In Table 7. 

J Growers selling their olives for pressing typically receive In the range of $350 to $500 per ton and, OD 

I 
rare occasions, upwards of $1.000 per ton for certain olive varieties. A price of $500 per ton is used In Tables 9 
and 11 which is slntDar to the price paid for canning olives. Table 10 includes a nmge from $350 to $650 per 
ton. 

j RIsk. The risks associated with producing and marketing ollYe oD are significant. WbiJe this study 
makes every effort to model a production system based on typical. real wodd practices. It CaDIIClf fully 

I,epresent financial. agronomic and market risks which affect the profItabI1Jty and eoooomle vIIIbWty of olive 00 
production. A market cbanneI should be determined before olives are planted and brought Into production. 

i Though. not used In this study. crop Insurance is a risk management tool avallabIe to &lOW as. 

i 

l 0VmuIEAD COSTS 

! Cult o.v..... Cash overbead consists of various cash expenses paid out during the year that lin! 

I~igned to the whole farm and not to • partico1ar OperatiOD. These costs Include propaty taxes. Intaest OD 

f;':rating capital. office expense. liability and propaty Insurance, management services. and url)l.' ..... repaIJs. 
I h ovaMad costs are found In Tables 1. 4-6. and 9. 

Property Taxes Counties charge a base property tax rate of 1 % OD the ass I ! II d value of the propedy. 
lin some counties special ass I iliad districts exist and charge addltInnal taxes on pr opaty 1ncIudIng equipment. 
buDdings. and improvements. For this study. county taxes are ca1coJated as 1% 
Ilf the average value of the property. Average value equals new cost plus salvage value divided by 2 on a per 
b basis. Costs and salvage value for Investments are shown In Table 5. 

I 
~ Interest On Operating Capital. Interest on operating capital is based on cash operating costs and is 
calculated montbIy until harvest at a nomina1 rate of9.69'Jf. per year. A nomina1 interest rate b the ... 1IIIlket 
10st of borrowed fimds. 

7 



Management Fees. Professional management services are contracted by the orchard owner. 
services include horticultural and pest management advising. A fee of $75 per acre is charged. 

i 
1 

These 

Insurance. Insurance for farm investments vary depending on the assets included and the amount of 
coverage. Property insurance provides coverage for property loss and is charged at 0.713% of the average valu~ 
of the assets over their useful life. Llabillty insurance covers accidents on the farm and costs $469 for the entir' 
farm. 

I 
Office Expense. Office and business expenses are estimated at $2000 annually. These expenses include 

office supplies. telephones. bookkeeping. accounting. legal fees. etc. 1 
Capital Rec:overy Costs. Although farm equipment on olive orchards in the region might be purchased 

new or used. this study shows the current purchase price for new equipment. The new purchase price I. 
adjusted to 60% to indicate a mix of new and used equipment. Annual ownership costs for equipment and othe~ 
investments are shown in Tables 1, 2 , 4-5, and 9. They represent the capital recovery cost for investments 0, 
an annual per acre basts. I 

Capital recovery cost is the amount of money required each year to recover the difference between the purchase I 
price and salvage value (unrecovered capital). Put another way, it is equivalent to the annual payment on a loan 
for the investment with the downpayment equal to the discounted salvage value. This is a more complex 
method of calculating ownership costs than straight-line depreciation and opportunity costs, but more 
accurately represents the annual costs of ownership because it takes the time value of money into account 
(BoehJJe and Eidman). The calculation for annual capital recovery costs is as follows. 

[(PurcitD.ul - Sal""8')x(f:::,~~)] + [salvase x /1t/e1OSl] 
PrICe Value Factor Value Rene 

I 
I 
I 

Salvage Value Salvage value is an estimate of the remaining value of an investment at the end of its life. 
For farm machinery (e.g., tractors and Implements) the remaining value Is a percentage of the new cost of the I 
investment (Boehlje and Eidman). The life in years is estimated by dividing the wear-out life, as given by the 
ASAE by the annual use in hours. Salvage value is calculated as: 

New Price x % Remaining Value I 
Salvage value for other investments including irrigation systems. buildings, and miscellaneous equipment I 

is zero. The salvage value for land is equal to the purchase price because land does not depreciate from use. The 
purchase price and salvage value for certain equipment and Investments are shown in Table 5. 

l 
Capital Recovery Factor. Capital recovery factor is the amortization factor or annual payment whose 

present value at compound interest is 1. It is the function of the interest rate and years of life of the I 
Investment. Interest Rate. The interest rate of 7.40% used to calculate capital recovery cost is the USDA-ERS's 
ten year average of California' s agricultural sector long-run rate of return to production assets from current 
income. It is used to reflect the long-term realized rate of return to these specialized 1 
resources that can only be used effectively in the agricultural sector. In other words, the next best alternative 
use for these resources is in another agricultural enterprise. 
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AgricuJture and Natural Resources. Oakland. CA. 

1 

9 



1 

U.C. COOPERATIVE EXTENSION 1 
Table 1. SAMPlE COSTS PER ACRE TO ESTABLISH AN OLIVE ORCHARO 

NORTH COAST OF CALIFORNIA - 1999 , 
Laba _; 513.13itr. machine lalla Trees Per AcIe; 1110 1 

59.85Arr. "",,-machine labor Loog Term In1l!rest Rate; 1.4% 

Cost Per At;re ~I Year 1st 2nd 3,d 41h 5Ih 

Fresh T ..... Per At:fe 0.5 1.0 2.0 

Gallons Per At;re (19% 011 & 90%"""0"'1,," lst""",S) 22.5 44.9 89.91 
Planling Costs: 
Erosion COnIroi Plan & Fees $1.270 

land Preparation - Erosion CtlntroI 200 1 land Preparation - s.JbsoII 125 
Land Preparation - Disc 50 
Trees; lao Per At;re (1% in 2nd year) 724 $8 

I SUrvey. Mark. DIg Holes '" Plant 1'2fJ 8 
WlapT,ees 224 

Weed ControI- P .... emergent StrIp Spray 41 

TOTAL PlANTING COSTS 3.360 16 I 
Cultural Costs; 

Prunlng And SUd<eIfng 11 11 $11 $1110 $210 $3601 
Brush Disposal 21 21 21 

Irrigate 38 18 158 258 258 258 
Fertilizer - Nitrogen 12 13 16 18 22 22 

Weed ControI- Summer Residual HerbIcide 47 

191 Weed ControI- Spct Spray 3X 19 19 19 19 19 

Weed ControI- Mow Centers 3X 25 25 25 25 25 25 
Weed ControI- Dorman! Residual HerbicIde 25 35 11 11 11 III 
Oiseese ControI- _ Sp<lIllo 0Ii\0e Knot 100 100 100 

Pickup Truck Use 160 160 160 160 160 1110 

TOTAL CULTURAL COSTS 200 394 408 792 886 9761 Harvest Costs; 

Hand Pick DIves 175 360 700 

TOTAL HARVEST COSTS 175 350 700 I 
_ On OperatIng COJ*aI @9.69% 363 11 22 38 39 32 

TOTAL OPERATING COSTSIACRE 4.Q13 427 428 l,(lOS 1.275 1.708 

casn~Costs: 

1331 0IIk:e ElCpa:1se 133 133 133 133 133 

LIaIliIity -
19 19 19 19 19 19 

Management Fees 25 25 25 25 25 25 t 
Prope!ty Taxes 173 114 173 181 181 181 I 
Prope!ty inSUllll1Ce 124 124 124 129 129 129 
I_RepaIrs 58 58 58 58 58 58 

TOTAL CASH OVERHEAD COSTS 532 533 532 545 545 545 I 
TOTAL CASH COSTS/ACRE 4.545 960 960 1,550 1.820 2253 
INCOME/ACRE FROM PRODUCTION 250 500 1.000 " • 
NET CASH COSTS/ACRE FOR THE YEAR 4.545 960 960 1,300 1.3'2fJ 1.253 I 
ACCUMULATED NET CASH COSTS/ACRE 4.545 5.505 6.465~jl%*fmfmt~'_ 9.(l85 10,338 

t 
1 

1 
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I 
UC COOPERATIIIE EXTENSION 

i T_,._ 

I 
COSI~_ 

Vear 1st iii lid 4Ih !iii iii 
I 

FIeShT .... Per/ilae o.s 1.0 2-0 
~ Per _ (1ft ..... 9O'lI. _"""'.'stpnl$S) :u.s 44Jl au 

j 
CapIaI-..yCosl: 
URlIIPS1~/ilae 1.110 1.110 1.110 1.110 1.110 1.110 
SIxlpaMIg 91 97 91 91 91 .1 

• lIIigIIIon Sysan 80 80 80 80 80 80 

f SIxlp Tools 19 19 22 22 22 22 
Pnrilg Tools 5 5 5 5 5 5 
'~ W W m .. .. .. 
I TOTAL CAPITAL RECOVER'f COST 1.558 1.5511 1.547 1.lII2 1.lII2 1.lII2 

TOTAl COST/ACRE FOR TIlE YEAR 11.103 2,518 2.5f11 3.25Z Ul2 iJi5 I TOTAL COSTICASE FOIHHE YEAR 229 124 70 
INCOME/ACRE FROM PRODUCTION 2!ii iii 1liii 
TOTAL NETCOSTIACRE FOR THE YEAR 6.103 Ul. 2.5f11 3_ 30!2 2955 t TOTALAcctiiUlATEDNETCOST/ACRE 6.103 U21 11.1211 14.130 17.1Si l!D.101 

t 
• I 
I 

(vear 1st iii • !iii .. 
FI8ShT .... Per_ o.s 1.0 2-0 
~ AIr _ (1ft .... 9O'lI._ ..... , 1stpnl$S) :u.s 44Jl .. i Cases AIr - (12· SOOml bClIIIos ~ ease) 142 ... SII.7 

pP I ...... n ... _'" C'Giiii 
Pn!ss, I'PlC8ss. Balle. ...... Cede as ,'- UI3 

, _0Iwe0l m IiI!5 1,:M? 

ITOTAl PROC£SSIWG ANO MllRKETlNG COSTS 117 UD UaI 

il 11 



U.C. COOPERATIVE EXTENSION 
Table 2. WHOLE FARM ANNUAL EQUIPMENT. INVESTMENT. AND BUSINESS OVERHEAO COSTS 

FOR PRODUCING OLIVE OIL 
NORTH COAST OF CAliFORNIA· 1999 

ANNUAL EQUIPMENT COSTS 

cash Ovemead • 
Yrs Salvage Capital Insur~ 

Yr Description Price lire Value Recove!}: ance Taxes 
99 55 HP 4WO TradOr 31.102 12 7.776 3.575 139 194 
99 Mower· FlaB 9' 7.372 10 1.304 976 31 43 
99 PicIwp Truck ·112 Ton lB.200 7 6.904 2,636 90 126 
99 W_ Sprayer. 50 Gal l.soo 15 144 163 6 a 

TOTAL 58.114 16.129 7.351 263 312 
60% or New Cost· 34.904 9"77 4.411 159 223 

• Used to reIIect a mix or oow and used equipment 

ANNUAL INVESTMENT COSTS 

......... Cash Overhaad.. • •••• 

De5crl~ 
INVESTMENT 
BuiIdi1gs 
Irrigadon System 
Land 
0fi\Ie 0rdIaRI Establishment 
Pruring Tools 
SIlo!> Tools 
TOTAL INVESTMENT 

Table 3. 

Yrs Salvage Capital Insur· 
Price Life Value Recovery once 

15.000 20 1.450 53 
15.350 40 1.205 55 

300,000 50 300,000 22.200 2.139 
116.475 56 8.180 415 

200 3 20 71 1 
3.000 15 300 326 12 

450.025 300,320 34.042 2.615 

ANNUAl BUSiNESS GVERHEAO COSTS 

Description 
liability Insurance 
Management Fee 
0IIice Elcpense 

Unltsl PdceI 
Farm Unl Unh 

20 Acre 19 
15 Acre 75 
15 Acre 400 

HOURLY EQUIPMENT COSTS 
FOR PRODUCING OLIVE OIL 

NDRTH COAST· 1999 

Taxes Repairs 

15 300 
17 450 

3.000 
582 

1 50 
16 10 

3,752 870 

Total 
Cost 

31B 
1.125 
6.000 

Total 
3,908 
1051 
2851 
177 

7.988 
4.193 

Total 

1.889 
1.787 

27.339 
9.178 

122 
424 

41.339 

·······························COSTS PER HOUR .......................... . 

Aclual .. Cash Overhead .. ............. Operating ........ - .. 
Hours capital Insur~ Fuel II. Total Total 

Yr lle5aljful Used Recovery once Taxes Repairs LWe Oper. Costs/Hr. 
99 55 HP 4WD Tracror 35.40 60.56 2.35 3.29 0.58 1.93 2.51 68.73 
99 Mower • Flaig' 17.20 34.08 1.00 1.51 3.00 0.00 3.00 39.68 
99 PIckup Truck -112 Ton 263.00 5.55 0.19 0.26 1.33 2.93 4.26 lQ.26 
99 Wee<! Sprayer • 50 Gal 15.00 6.53 0.23 0.33 0.39 0.39 7.49 

12 

I 
1 

i 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
1 
1 



t 
I 

j 
U.C. COOPERATIVE EXTENSION 

I TaIlIe4- COSTS PER ACRE m PRODUCE OUV£ OIL 
NORTHCOASr ·1999 

I ~_ $111311r._1IIbor --..-$9.1IMIr.1IOIHII8CHne IIIbor Y1eIII per AeIa: 71.0 Cae 

$!I8GI Cash _ Labor CosIs per _ 

time ~ F\JeIJ.IDI -- o...n/ T_ y-
~ (HrsIA) Cost A~ Cost RIft Cost Cost 
CUIIunII: 

I 
JrrIga1e lUI) 8 0 2!11 0 2lIII 
Weed CIldroI· Spot Spay 3X 0.75 12 2 5 0 19 
Pnri'Ig .. SucIIer om 0 0 0 - -Weed CIldroI· __ 3X 1.15 1. 7 0 0 25 

I Fer1IIHr· NiIIogen lID 10 0 13 0 22 
Brush DISposII om 0 0 0 21 21 
Weed CIldroI· ~ 0.25 4 1 I. 0 23 
a-CIldroI· "-:ock Spot om 0 0 24 20 44 

I -.. TIUd( Il!e am 128 34 0 0 180 • I TOTAl CUL TIJRAI. COSTS 11.95 118 4. 3Il8 401 1132 -I _PIck om 0 0 0 875 875 

TOTAl HARVEST COSTS om 0 0 0 875 875 
Process A_ 

I Pn!ss, I'nIa;oss, Beale. lIIbeI .. CI:Ik om 0 0 1395 0 1195 
Mar-.g om 0 0 US 0 1.5112 

TOTAl PAOC£SS .. MARKET COSTS om 0 0 U51 0 U51 

i _an ..... ""''9, .. """ lIP 9Ji8'JI. 1ii , Ti5'iAlOPERATltID COST~ACRE 178 44 5.287 1m .. m 
CASH OVERH£AI); 

0IIr:e I!Iponse 133 
UabIIy- 18 
........ Fee 25 
PnlpeIIyT_ 1. 
PnlpeIIy- 134 

I mesa,a'RIpeIrs • 
TOTAl CASH OI/ERHEAD COSTS .. 

! 
TOTAl CASH COSTSIACRE 

,_ 
CAPiTAl RECOYERYCOSTS tullIO_&): 

"'" PfI'IU*1g 
- __ Cost-

a._, ... AmI CIpIIIII RllaHaJ ..- 15.1lOO 1.110 1.110 

I IUiIIgs 1.000 fI7 97 
...... s,.... 1.Q23 80 80 
ShapToois 2lJ) 22 22 
Pnri'Ig Tools 13 5 5 
ClIvecnt.dE.· lui 7.185 5115 5115 
~ 1_ 233 233 

TOTAl. CAPITAl. RECOVERY COSTS 2U07 2.132 2.1. 
TOTAl COSTSIACRE UCI5 

13 



U.c. COOPERATIVE EXTENSION 
COSTS AND RETURNS PER ACRE TO PRODUCE OliVE OIL 

NORTH COAST ·1999 

LaborRatl!: $13.131hr. macI1i1elaOO' I_RaIl!: 9._ 

GROSS RETURNS 
OlIVe 011 

$9.B5/hr. rlOrHIllIct1ne labof 

TOTAL GROSS RETURNS FOR OliVE OIL 
OPERATING COSTS 
IrrIgaIion: 
Water 
H_: 

Roto1dup UIr8 
KarmexDF 
Princep Cellber 90 

Custom: 
Pn.neTrees 
Shred Brush 
Hand PIck Frutt 

Fenilller: 
46-0-0 

FIJ1!lIcide: -CmIract: 
Grwnd !\AlficIItIon 
Process~ lit Mari<eting: 
Press &. P!OCesS 
-.gChalge 
Bottle 
Label lit Cor!< 
Marketing ChaIge 

Labor (macI11ne) 
Labor (non-mad1lne) 
FueI- Gas 
Fuel - Diesel 
UIle 
MachInery repair 
_on cpeoadllgcapllal @9._ 

TOTAL OPERATING COSTSIACRE 
NET RETURNS ABOVE OPERATING COSTS 
CASH OVERHEAD COSTS: 
omce Expense 
lJabIIiIy Insurance 
Managernefa Fee 
Prope!1y Taxes 
Properly InsInnce 
'_RepaIrS 

TOTAL CASH 

Land 
BUIdi!gs 
Inig8Iion System 
ShcpToois 
Pruning Tools 
0Ii\Ie Orchard ESlablishment 
EqIiJxnent 
TOTAL CAPiTAL RECOVERY COSTS/ACRE 
TOTAL COSTSIACRE 
NET RETURNS ABOVE TOTAL COSTS 

PrIce or 
QuandlyIAC/e Untt COSIIUnit 

71.00 Case 120.00 

30.00 Aeln 8.33 

0.60 Pint 7.84 
2.00 Lb 4.84 
2.00 Lb 4.22 

180.00 Tree 2 
1.00 Acre 21 
2.50 Ton 350 

45.00 LbN 0279 

e.oo Lb 2.99 

1.00 Acre 20 

2.50 Ton 350 
71.00 Case 3.5 
71.00 Case 25 
71.00 Case 7 
71.00 Case 22 
12.18 Hrs 13.13 

1.80 Hrs 9.85 
20.00 Gal 1.02 
6.36 Gal 0.62 

14 

! 
Valueer 

Cos(/Aere 
Your 

I Cost 

8,520 

8,520 I 
25(100 

5.00 
10.00 I 
8.00 

36Il.00 
21.00 I 

875.00 

13.00 J 
24.00 

20.00 t 
875.00 
249.00 

1.775.00 
497.00 I 

1.562.00 
160.00 
laoo 
20.00 I 
4.00 
4.00 

1e.oo 
10.00 J 

6.774.00 
1.746.00 

133.00 I 
19.00 
25.00 I 

lB9.00 
134.00 I 
58.00 

558.00 i 
1.110 

97 
80 I 
22 
5 

585 
233 

1 
I 

2.132 
9.505 
-985 1 

l 
• 

J:? 
, 
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U.c. COOPERATIVE EXTENSION 
Table 6. MOHTHl Y CASH COS"IS PER ACRE 10 PRODUCE ClUVE 01. 

NORTH COASf OF CAUFOIlNIA· 1999 

1!t9'*I\IMAR!18 MAR APR MAY JUN JUL AUG SEP OCT NOlI DEC .1M FE8 lOTAl 
Erd1g FEB99 !18 !18 !18 !18 98 !18 98 98 98 98 911 99 
eu.urat. 
IrrigaI8 18 23 33 38 51 46 28 18 2!lI 
Weed ConInlI· !!pal Sp1IJ 6 6 II 18 

"""*'11& -
1110 1110 3110 

I 
Weed ConInlI· ____ 

8 • 8 25 
FIlI1II2er • NIrogen 22 22 
-DIspOsal 21 21 
Weed ConInlI· ResIcbIIlleil*:lde 23 23 

I 
IlIsea$e ConInlI· _ Sp1IJ 44 44 
PiI:Icup Truck Use 13 13 13 13 13 13 13 13 13 13 13 13 1/10 

TOTAL CULTURAL COSTS 38 254 256 66 64 59 42 55 13 57 13 13 SIR 

I 
HaIWlSt 
Hand PId< aa aa 875 

TOTAL HARVEST COS"IS - aa 875 
_&-

I _ """"""'" -. ..-& CGd< :as :as 
-.g 151112 1562 

TOTAl PROCESS & MARKET COS"IS UI57 UI57 

I _GIl oponIOIg C ..... 9.IiII'5 71 0 2 • 5 5 II 6 7 'I 'h -44 ii 10 
TOTAL OPERATING cosrS1ACRE 38 256 2110 71 70 15 ii 61 20 5011 53&5 13 iJ74 
CASH OVERHEAD: 

l 
0Ite E1Ipen!IIt 11 11 11 11 11 11 11 11 11 11 11 11 133 
1.lIIay- 19 19 
_,. ••• FIIe 2 2 2 2 2 2 2 2 2 2 2 2 25 
ProperIyT_ 94 94 -[ ProperIy- &7 67 134 
Invests ••• RIepIIIrs 5 5 5 5 5 5 5 5 5 5 5 5 • 
TOTAl CASH OVEAHEADCOSTs 37 18 18 I. 1/10 ,. ,. I. 18 11 1/10 ,. -TOTAL CASH COSTSIACRE '15 214 27B II 2. i3 Ii 'iii 3i iR ... 31 im 
J_ .. _......-' __ cIIsc:a.rlIed;;;;;;:ID ...... CIf1lleG_ 

I 

I 
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U.C. COOPERATIVE EXTENSION 
T_7. RANGING ANAL VSIS 

FOR PRODUCING OlIVE Oil 
NORTH COAST OF CALIFORNIA· 1999 

YIELD(CASE/ACRE) 
I 

40 50 60 70 80 90 100 
OPERATING COSTS/ACRE, 
Cullural Cost 932 932 932 932 932 932 932 

Harvest. Process " Market Costs 3,286 4.107 4,929 5.760 6,572 7,393 8215 

1_ 00 operating caplral 28 22 17 11 5 0 ·6 I 
TOTAL OPERATING COSTS/ACRE 4,245 5.061 5,977 6.693 7,509 8.324 9140 
TOTAL OPERATING COSTS/CASE 106 101 98 96 94 92 91 

CASH OVERHEAD COSTS/ACRE 558 558 558 558 558 558 558 I 
TOTAL CASH COSTS/ACRE 4,803 5,619 6,435 7.251 8.067 8,883 9699 
TOTAl CASH COSTSICASE 120 112 107 104 101 99 97 I 
NON·CASH OVERHEAD COSTS/ACRE 2.132 2.132 2,132 2.132 2.132 2,132 2.132 

TOTAL COSTS/ACRE 6.976 7.792 8.606 9,424 10,240 11,1)55 11.871 
TOTAl COSTSICASE 174 156 143 135 128 123 119 I 

NET RETURNS PER ACRE ABOVE OPERATING COSTS FOR PRODUCING OUVE OIL 
PRICE YIELD 

J 
(OOLLARS/CASE) (CASES/ACRE) 

OlIve 011 40 50 60 70 80 90 100 
80 -645 ·561 477 ·393 ·308 ·224 ·140 
90 -245 ·61 123 307 491 676 860 

I 
100 155 439 723 1.007 1,291 1,576 1,860 
110 565 939 1.323 1.707 2.091 2.475 2,860 
120 955 1.439 1.923 2.407 2.991 3,375 3,860 
130 1.355 1,939 2,523 3.101 3,591 4,276 4,860 

I 
140 1,156 2.439 3,123 3.907 4.491 5.175 5,860 

I 
NET RETURNS PER ACRE ABOVE CASH COSTS FOR PRODUCING OLIVE OIL 

PRICE YIELD 
(OOLLARSICASE) (CASES/ACRE) 

OHveOiI 40 50 50 70 BO 90 100 I 
80 ·1,203 ·1.119 ·1,035 ·951 .f!S7 ·783 -699 
90 .9Q3 -619 -435 ·251 ·67 111 301 

100 ·403 ·119 165 449 733 1,017 1.301 
110 ·3 391 165 1.149 1,533 1,917 2.301 I 
120 397 881 1,365 1.849 2,333 2.811 3,301 
130 791 1.381 1.965 2,549 3.133 3,711 4.301 
140 1.197 1.881 2,565 3,249 3,933 4,611 5,301 I 

NET RETURNS PER ACRE ABOVE TOTAL COSTS FOR PRODUCING OLIVE OIL 
PRICE YIELD I 

(OOLLARSlCASE) (CASES/ACRE) 
Olive Oil 40 60 60 70 SO 90 100 

SO -3.376 ~3.292 ·3,208 ·3,124 ·3,040 ·2.955 ·2.811 
90 ·2,975 ·2.792 ·2.606 ·2,424 ·2,240 .. 2.055 ·1.871 1 

100 .2,576 ·2.292 ·2,008 ·1,724 ·1,440 ·1,165 -871 
110 '2,176 ·1,792 ·1.408 ·1,024 ·640 ·255 129 
120 ·1,716 ·1,292 -8OB ·324 160 645 1,129 
130 ·1.316 ·192 ·206 375 960 1.545 2.129 i 
140 -916 -292 392 1,Q76 1,760 2.445 3,129 

I 
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u.c. COOPERATIVE EXTDISION 
COStS AND RETURNS t BII£AK.EVEN ANAl VSIS 

FOR PROOIJCING OUV£ 011. 
NORTH COAST OF CAlIFORNIA· '998 

127.8110 101,616 26.184 11Q594 

_Cash 
CasIs(l-4) 

1.147 

_Cash 
CasIs(l-4) 

17.l!1l6 

&_ E .... PtIce To c:; 
_YIetI 'IIIIId q.IIIIng Cash 

(UnilslAalI) UIIb CasIs CasIs 
• $ .... Yi8Id Uiii 

71 Case 95.41 1IllIM 

BII£AK.EVEN VElDS PER ACRE sr.., ... YiIId TO c:: 
'IIIIId _Alee 0pan!IIng Cash 
lInIIs (WIllI) CasIs CoG 

Vi8id UiiS IAae 
Case 120 511.5 tlA 

17 
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CasIs 

133.88 

TOlII 
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_TaIII 
CasIs (1-11) 

_TaIII 
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U,C. COOPERATIVE EXTENSION 
T_9. COSTS AND RETURNS PER ACRE TO PRODUCE 

OLIVES SOLD FOR OIL 

I NORTH COAST OF CALIFORNIA· 1999 
l.llborRale: $13.13/hr, machine labor I_Rate: 

9._ 
$9.85l11r, non-machine labor 

PrIce or V.luear Your 

1 QuanlilylAcre Unft COstlUnk Cost/Acre Cost 

GROSS RETURNS 

Olives Sold For Oil 2.50 Ton 5OOJl() 1.250 

TOTAL GROSS RETURNS FOR OLIVE SOlD FOR Oil 1.250 t 
OPERATING COSTS 

1trigatl0l1: , water 50.00 Acln 8.33 250 
Herbicide: 
Rotn:Iup Ukta O,&) Pint 7.84 5 
Karma,OF 2.00 Lb 4,84 10 I Prtncep caliber 90 2,00 Lb 422 a 

CU5lOm: 

I'rune Trees &),00 Tree 2.00 3&J 

I stIred Brush 1.00 Acre 21.00 21 
Hand Pick Fruit 2.50 Ton 350.00 875 

Fenilizer: 

46-0-0 45.00 LbN 0.279 13 I FlIlgiclde: 
Kocide 8.00 Lb 2,99 24 

ConIract: I Ground ApprIC2llon 1,00 Acre 20.00 20 
labor (machine) 12,18 Hrs 13.13 100 
labor (non-machlne) 1.l1O HI'S 9.85 18 

I Fuel-Gas 20,00 Gal 1.02 20 
FueI- Diesel 6.36 Gal O.6O! 4 

Lube 4 
MachInery repair 16 

J IntI!n!sI on opeIallngcapital @9.69% 51 

TOTAl OPERATING COSTSIACRE 1.851 
NET RETURNS AIIOVE OPERATING COSTS -807 I CASH OVERHEAD COSTS: 
0fIIce Expense 133 
UabiIIIy Insurance 19 

I Management Fee 25 
Property T.xes 199 
Propeny- 134 
Investment RepaIJS 58 

J 
TOTAl CASH OVERHEAD COSTSIACRE 558 
TOTAL CASH COSTSIACRE 2.415 

J 
CAPITAl RECOVERY COSTS (7.4% 1_ Rare): 
l.llnlI 1.110 

I!liIdOlgs 91 
Itrigatlon Syslem 80 
Shop Tools 22 
Prur*tg Tools 5 
OlIve 0rchartI EsIabIiS/lment 585 ! 
Eqlipment 233 l 
TOTAl CAPITAl RECOVERY COSTS/ACRE 2.132 
TOTAl COSTSIACRE 4,588 I NET RETURNS ABOVE TOTAl COSTS '3.338 I 

18 
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OPERATING COSTSIACRE; 
CIlllnI Cost 
Harvesl Cost _Gn ..... ~cepIIa1 
TOTAL OPERATING COSTSIACRE 
TOTAL OPERATING COSTSITON 

CASH OVERtlEAOCOSTSIACRE 

TOTAL CASH COSTSIACRE 
TOTAL CASH COSTSITON 

NON-CASH OVERHEAD COSTSIACRE 

TOTAL COSTSIACRE 
TOTAL COSTSIrON 

t 

«Xl 
4!10 
SIll 
m 
6IIl 

-3.5311 
-ust 
-3.363 
-l.278 
-3.188 

u.c. COOPERATIVE EXTENSION 
RANGlNGNW.YSIS 

OlIVES SOlD FOR OIL 
NOR1'H ~ OF CAlFOANIA -1999 

1.'15 2.ID 2.2S 

93Z 93Z 93Z 
613 'l1li 1111 

51 51 51 

1.595 
,_ 

1.710 
911 IM1 7If1 

558 558 558 

2.153 2.2«l 2.3211 
1no 1.1211 

,_ 
2.132 2.132 2.132 

4.3lII 4.413 4,5Ot 

2.412 22fJ1 2.ODD 

·1.315 
-1.201 -1.165 
-t_ -1.1140 .- -815 

-3.48B -3.483 
-3.316 -3.3311 
-U61 -3.213 
-3.151 -3,(81 

-2.863 

19 

2.5l 2.15 3.110 3.'15 

93Z 93Z 93Z 93Z 
lIS 863 l.a5D 1.138 

51 51 51 51 

1.1157 1.945 z.mz 2.1211 
143 7C11 1m II5Z 

558 558 558 558 

2.415 2SII UIO 2.IJI 
E 910 .., 11M 

2.132 2.132 2.132 2.132 

4.518 4$111 4.7IB 4.BS1 
1.1135 1.'l1li 1.- ..... 

-1.215 -1.241 -1,215 
-1.1. -t_ -t.II!IJ 

-tID -- .-
.a53 _lIO -128 

-a41l 
-U61 
-3.113 
-,U63 
-2.813 



Table 11. 

Crop 
OlIves Sold For 011 

Crop 
Olives Sold For Oi 

1, Gross 
Returns 

1.250 

1. Gross 
Returns 

18.750 

CROP 

OlIves Sold For 01/ 

U.c. COOPERATIVE EXTENSION 
COSTS AND RETURNS I BREAKEVEN ANALYSIS 

OLIVES SOLD FOR OIL 
NORTH COAST OF CALIFORNIA· 1999 

COSTS AND RETURNS· PER ACRE BAStS 
2. 0peI'aItlg 3, Net Returns 4, cash 5, Net Returns 

Costs AboVeOper. Costs AboVe cash 
Costs (1·2) Costs (1·4) 

1.857 -607 2.456 ·1.206 

COSTSANDRETURNS·TOTALACREAGE 
2. 000_ 3. Net RetIJrns 

Costs AboVeOper, 
Costs (1-2) 

27.859 ·9.109 

4. cash 5, Net Returns 
Costs Above cash 

Costs (1·4) 

36.837 ·18.087 

BREAKEVEN PRICES PER YIELD UNIT 

Base Yield Operaling Cash 
(Units/ACT Units Costs Costs 

6, Taral 7, Net RetlJrns 
Costs AboVeTaa! 

Costs (1·6) 

4.586 ·3.336 

6. TOJal 7. Net_ns 
Costs Above Taa! 

Costs (1·6) 
88,824 ·50.074 

Total 
COsts 

................ $ par Yield Unit ........... ... 
2.5 Ton 742.91 98232 1.835.31 

BREAKEVEN YIELDS PER ACRE 

YleId Base PrIce 0peI'aItlg Cash Total 
CROP Units (S/Unlt) Costs COsts Costs 

............. Yield UnitS/Acre ....... 
OlIves Sold For OM Ton 500 3.7 4.9 9.2 
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SPANISH 
VARIETALS 



V d.riellcS in. P"1J1 

Olive tree cultlYallcn 0 9ioated In the MIddle East more 
than 5,000 years ago a d spread to the West throughout 
the Mediterranean area From the wild olive trees that grew 
sr:;-ontaneotJsly, the first cuttlvators of the Iberian Peninsula 
began to choo_ e trose that had the best characteristics 
depending on the reas. producti'/rty, adaptation to the 
soils. yield, etc The O,Ne trees in the Iberian peninsula 
are nO\'I', tt erefore hardy trees that can withstand diverse 
climatic and orographic co ditions and grow aiongside 

other alitoch~honous piants, such as Vines, a'mono fr ~ O~ fig trees. 

There are a SUrpfiSIf1:g divers ty of clImates and rnicr 'Imales in 
Spain r suiting from its complex orography. as we!1 as a great variety 
and richness of soils. These geographic co d·tions, logf"her with the 
large number of CIIYE~ var!eti S lJSed in makirg ow oll'.le oil . mean 
that Spain can offer a wide range of aromas and fla/()urs that are 
unrrvalled by BIT! other prod cing counlry Oils" 'ttl a vert sweet and 
mHd flavour an be found al~ngside o~h rs v:rth g'eat body and 
character. VI ·th a pleasant b tter Of peppery f allOUI of 01 erenl 
intensities Spanish oils ge eralty have an intense fruity aroma that 
reminds us of a green or ripe o'jves. 

In Spain aion there are 200 olive tree culti'r'als 8y y.;ay of example, 
the cnaractensrc~ of some of the main vanE'ties a e des-cnbed below: 

p.\QJJa) 
CQflligabfl:1 
tl~planca 

h.r.~\li a 

PJCUAl 

!.:~r.if\.Of Se ' :I(! 
Verdlal 

E~J!J:l 
Picudo 

This is the most importar-t .... anaty H1 the 'world, representing 50% of 
Spain's olives and trees Clnd therefore, approximately 20% world
wide. Its geographic loca,lon i clearly linked to Andalusia, the main 
producing region In ~he v:'Ol1o, and specifically to the provinces of 
Jaen, Cordoba and Gran.lda Thl cuftivar is given different names 
depending on the producing area, but its main name, Picual (from the 
Spanish fOot "pico", meani g "peak"), comes from the shape of the 
drupe, as it is like a !5woHen eat ending in a point. 

The tree. 

!t is very vigorous w;th rd her sho.1 
spreading branches and It tend.s to sprout. JJpeffioo s 
shoots. Its cro'wns are vigorous with a \end ncy to close In 

on themselves. The foliage develop well and the )'oung 
..... 'OOd is greeniSh-grey. It starts to ~Hoduce earty 81 c:l is 
highly prodllCliv€, which is one at the r~asons ""''''y 
plantations of this olive tret:; have increased sa much It is 
a type of tree that adapts to different c!imal c and SO"II 
condit" ons and can tolerate frosts, although it is t ver)' 
resistant to droughts and very I[my SOli'S 

Theleat 

. . It is rath·~r e Ii _" tf.d a d W'lder in the upper half. 



The drupe, 

It is generally meehu SfZed 10 
3 2 9 ams The ~to-prt· 
between the second wei?k 0 

wee or December T 00 
sometimes be p to 7% 

TheoH. 

From a phySICaJ..che ~f 0-"int of view, it ise~ceUent due 
to its fatty ad d composrtloo and the ntombef of nafl raj 
antioxidants it contaIns. Its high content of 
rTlOf'lOO saturated oleic acid. imptHtar& to aVOId· 
cardiovascular diseases. and Its IO"N conten 0 inoi:eiC 
add (an essential ac' tor the uman d . bot If there are 
excessive quantities. the otl starts tooxid!se and tree 
radICals, '~<hich are harmfut for certain organs tIl the 
human body, are forrned} tlS 'Ne.ll as rts tugh content 01 
pciyphenols, make it the most sts 01 il th \'t'Orkf. v. il 

1(ln9 shelt tite and it performs excejlently w n ated fOf' 
cooking. 

From an orgaru;/1;1ptic point of "t>1.eW, we have to dlffefentiate between the pia' 
rnouniains, as their orgamMeptle profiles are very df 1erent OHs from 
body, are normally bitter, w'ith a certain your oJ wood O'ls trOO1 
sweeter. although they have a "fresh'" and asan! U' . 

Bac15 

CORNICABRA 

General data and areas, 

: This cult r is the second . 
C\.I ' ted hectares, Pl.s1 t ed 
. Mora de T~< and lts cu!ltrvalm 
~ ofTciedo and CkJdad R 
CastiUa fa Mancha. me ronHlomed goaf') 
from 1M charact.ertsbc hom-sha~ of 

The tree. 

The Com;i:cabra ~~lve is an .p:ki cuftNara:!'\d ~ most e~i a'Alr.~ Pot~iJtJJJI'l 
large flllmber of kl;caI ecotypes perfectty adapted to theif area. This 
v':igooJ> ih1th medi:um-length tnnches< oot 'tery many shoots and the young 'NOOd s~r~ 
wtth octve tones 

The teat 

TbedfUpe. 

The oil. 

J 



Varieties in Spain 

it is golden y~krw v.ilh touches of light green mdr l in, Its fruitiness. \f,/hen it is obtained 
from riper olives. at tl"ie end of the arvcst. there ute nOfmaify different flavours and textures 
that remmd us of exotic fruit, like avocados. Comicaora ods are frurty and have a noticeable 
balance betv.'een sweet at first, the bitterness of green leaves and a medium-intense peppery 
flavour. Their texture is smooth and vetvety. They are stable oils because of their high content 
in monounsaturated fatty acids. n )e balanced compC>sitJan of essential fatty acids, hlgh 
content ~ o;ek: acid and minor compcnen,s. Which p(oolJce excellent aromas and flavours, 
make It especJatty appropriate for dietary purposes. 

HOJ!BLANCA 

Genera! data and areas, 

The tree. 

The name (from the Sp nlsh for "hoja", ieaf,and "blancau

, 

'Nhite) comes rrom t colour of the leafs back side. 
maktng the tre 00' bright, and, from a distance, sitver It 
is found in Andu!uoia, 0 be precise in the east of the 
province of SE. .... 'iHe. the south of Cordoba and all of the 
north of the prOt/nee of Malaga. It accounts for about 16% 
of the Andalusian olwe g(O res. It is used both for black 
Californian styfe table olives, due to the firm texture of its 
flesh, and ror 0 • production. 

Its vigour 's average to good, with long b nches that bear u lot of fruit, although they tend to 
droop< The crowns have an average density - nd a regul r foliage cover, and the trees are 
charactensed by the light greemsh-grey colour 01 the:!" y ung INood. They can withstand cold 
weather we!!, and adapt to limy soils perfecll~ 

Theleat 

it is partially nuted and elo!'1£:jated, although I! S rath • Wide snd the back side is silver. 

The drupe, 

~f.t2~]~~mkjt~lf~~~~f~~; Although ttl size fluctuates a great deal, the drupe is 
normaliY large 10 thick and weighs 4.3 grams on 
average. III an almost perfect sphere with a high f!esh~ 
to-pit ratio, about 8. The drupe can also withstand cold 
weather well. It "~'lers in the first t-NO weeks of May, 
wtth most bl soms at the beginning of the second 
week. "ripens Quite late, between the end of November 

·~f6~~.~h~~?l~~f~~[~ :·:§~:it'!':t~:":.:~~;~>, and the end of December, and once it is ripe rt resists 
being ~cked. so har?eSting is somewhat dIffICult Its oli 

yield is low. w'ith an average betv</l;en 17·19~'{-, . 

The oiL 

From a physicaJ..chfimica! point of view, it has a very balanced composition of fatty adds, 
with saturated. acids that are relatively 1C'.rer than in th rest or t'he oils of other varieties, Its 
composihofl is ideal for dietary purposes, A~; its tab tty Is not very high and it oxidlses easily, 
this oil houtd be kept out of the light and stilled \vtthout cessive oxygenation. 

From en orgcwoleptfc point of view, rt has an enormous range of flavours, but the most 
commor; are sweet at the beginning or the tasting th a fresh grassy fruity aroma, a slight!y 
bitter flavour of green fmft and other frUits that son ~1imes recal! a fruit cocktail. slightly 
peppery in the throat and a final aimondy aft~rtaste . 

ARBEQlHNA 

Genera~ data and areas. 

bttp./:\vww.asoiiva.comJingles:accile _ pAnol:v rK.-dad .htm 



Van !I . In r}JIr: 

The tree. 

Tr£ ptant. wnic·h}s not very 005, can be used In Int Si 

p/.antatlons. Its lorG shoo S, t"fOO·$Pfe d lr,g tooches and dark 
green cotOUf of the young Vl>'OOO, make thlS OIN free took sa 
broomstick, The 01 e orcha:ds ot the ar"OOquina Ct.!!tivar g" .. e the 
landscape a very strange appearance and Me very diffefen~ from 
those seen in Andalusia, tOf e.xampie, This y-anety has anln<'era;ge 
flow~fjng period in the first fortn~ghtof May 

The leaf. 

it is , ted 'h<fth nc,t '~;ery thid< edges, be>:::cming wider at th~~ tip . 
the top s·~de and greerusn-gtey-yellc'.v O:f\ the back 

The drupe, 

tt is short, crio<al. and aJ t s,Ymtru!!tncal 
to-pit ratio Of 4.6. and as wefahirlO 
gnuns) ~ha~ ~ . H 

($Sf';. 

L9 

a greatly al:pp.reciated cuftl\-ar as !to starts ptCXt~ 
earty, With an a'~e rlpenk~3 p.erbd ~ the 
sec:ond week of Decemoo~' and the second of 
January, It is highly proouct' has a good ~, 
about 20 5 . wt1ich fTljJj(es of l-he va, • 
the h hest '1 e>1mCtjon percentage. 

The oil, 

LECH1N OF SEV1LLE 

General data and areas. 

This variety is distributed throughol.lt the prances oJ Sevilfu, 
Cordoba. Cadiz, Malaga and Huet,ra. as name (from the Spanish root 
'·!ee e- meaning "mm() comes from the tSll CC'1\}wr of its puip and 
its ojty I uid (a mixtoreof vegetable water and I). 

http.·wv.'\ a5( li\' .c m · in~lC'S. ilce:ite ... espanol.,vurledaa.Mm 3 _ 



Varieties in Spain 

The tree. 

It is characterised by being very 'gorous, v lh large roots, an open appearance and a thIck, 
dense crown. If 's a rustic tree and tclerdles cold ..eath r, droughts and limy or bad quality 
soils. Atthough it is productive, 5 OO\vering period 30'1' rage and there are a number of 
faults in the harvest due to blossom deterioration Htll esti 9 is expensive as the drupe is 
large and res$ls ptcking. 

The leaf, 

It is small, flat , soort and a EttIe WIder In the middlt> The top side is;~ bright yeHowish-green 
and the bac. is 9rey-green. 

The dn..rpe. 

~!~E{}~2j~;E~t0t@~t~~:~;;i1;~j'" . The a'f'srage o!1 .:e 'I. ,90S almost 3 grams and is 
~~N:~~'.j ellipsoidal, a little convex at the back and slightly 

asymmetrical. 1 he end is rounded and sometimes has a 
small teat . It IS black when ripe. The oil content is 
me<fium to Ie'''''. about 18%, and it has a high flesh.,to-pn 
ratio of abo 1: 7.2 to 6.5 It ripens early, 

From 8 phy 'cal-cfwm{caf paint at view, Its campos t on makes it rather unstable as far as 
oxidation is concerned, and it loses its o(gar.olep!ic poperUes relative~f quickly. 

From an organoleptic point of l.>'iew, rt is a tmliHlced smooth-pouring oil, with an <:h'erage, 
grassy aroma of olives. The flavour is Mter with an average peak intensity and leaves a green 
almond aftertaste in the mouth. !t is very pleasant vNm ~ntly produced. 

VERDIAL 

The name verdial covers a series of local varieti spread throughout the South and the 
South-west of the pe-nil1sula, !t has different names depending on Its geographic origin, 

I. VERD/At OF BADAJOZ 

General data and areas. 

!t is found throughout the province of Bada~, 10 the community of Extremadufa, to the 
borders with Portugal. 

The tree. 

As it is resistant to droughts, it is used as the root &toci<. of other cllitivars. It blossoms in the 
first fortnight of May. 

Thedmpe, 

~~~:~~p;';~?~i~;~~~~r~1'~;s:]~~1:~~;~~~',; It is v ry large nd has an average we!ght of 5,7 grams, 
and IS appreciated (or Its dual purposes: for oil {it has a 
11 gh cr. l yield 01 almost 22%, because of its high flesh., 
to-pit ratio of abc 7.2), and for table olives (it is large 
and easy to pick! ). It npens between the last third of 
NovBmcer anc - tmost the end of the year. Mechanica! 

http::fVI'N\\ .asol1YIl com':ingles/acelte _ cspanoh'1lricdad.htm 03:'30:2001 '17 



\. n eU . Ir; .::p .... m 

har-lest11 tS dlffi ut: as it n~s te a 
ta~t 10 being picl(M 

II.VERD/AL OF VELEZ-MALAGA 

General data and areas. 

This tsa typtCa! variety of the AXOlrquia reg • In I"e Souttl~.ast af 

The drupe. 

it is larger than the at er\!'arieties that 8re p-ocessed to ~alil 0. , a~ 

lIefY hIgh od ~ 

The oil. 

The otis are fruity v...'ith a 't'el)' s'.veet and pleasant [favour 
aH. Due torts composthon, ~ has. tcbe protected from 
The virgin eM cf t1l1S ro.al c \var is pi'ocesseO sepii1...tat 
normal:1y mixed with trom t.I'W hoi! anca ·;tariety resu 
with average sta l"Y 

EMPElTRE 

General data and areas. 

The tree. 

The leaf. 

i:t is~1der in the uppet ha~f. The top s' ~ da gteen and the bac~: is s.W<tet ·scored hya 
gree:rt, promi:nent nerve. 

The eWngated, asyn'UTlEUk:aJ 
at the back. It hn 

sh4o-pit ratio of 5 3 
18.3%. It 
November and the. n 
resistant to betng pk:koo, 
is . for mecl'rahlea~ hJ"\II~VI 
be setting Pf~ 

• frosts. It is a . nety gn~a 
productivity and th-e excellent qiJalrty of its oil. 

The oll. 

http .. 'v. .... l,.w.a.soll\ c m inl1lcs Ilceltccspanol aned d hun 
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Varieties in Spain 

The oils are a pate yeHO'w colour in the majonly c the cases. 'Nhich is not due [0 ha resting 
when the 01.; es are overrip€L The ('-IS ha 'e a mild rru tv afoma and are very pleasant and very 
sweet tasting. They are never bitter or peppery ard usualiy leave an aftertaste of almonds. As.. 
it is m~d! it i$ Ideal for bfendlng 

PICUDO 

General d~ta and areas, 

The orive is caHed picudo (Which means "prominent pea\(') 
because of th ape Qf the drupe with a pointed and 
curved end ami a netic able teat It has many other 
names, ut the 0 e it IS given in Luque, a town In the 
south-ea of Cordoba, w1lere it is called "pajarero" (bird 
trapper) I curious. A(";{'-ording to legend, because the oil is 
so sweet. when it is npe, the birds peck at the frui t. This 
cultivar is \",4(";.es e d in the provinces of Cordoba, 
Granada Ma ga and Jaen. with the most plantations in 

the area of the Designation or Ongin Bae a. io .' e soutt --east of Cordoba. 

The tree. 

It is very ~ou and has an open appearance and a thICk. dense crown. It takes root easily 
and adapts • ell to limy soils and prefers an excess of humk1ity to droughts. It can withstand 
cold weather and is consid;':!fed ~ rustic treE. 

The leaf. 

It is large, long and wide. The top side tS very darn reen. You can tei! 
this tree rrom a distance as it looks datker than the r t 

The c:rupe fS biack When ripe and 
it IS charaoterr-oed by being the second largest of those 
lhat are used to obtafn oIL Its average weight is about 
4.8 grams The trutt-to-pit ratio Is high, about 6.3. It 
ripEns beW-leen the fourth v~'€ek of November and the 

_':n •• ,;;._":.'.::~ . . end o-f December and the oil yield is good, but not as 

~:~~1~~[~~~2r~~~~~~f}~· good as the p'e I. with figures of around 20%, It is an 
~: excellent choke fer table olives, both green and 

Califomian 51 e 

Theon. 

Its composition of fatty acids is almost the same as the lechin cl..lltivar. As far as oxidation is 
concerned, the oils are included in the del~ate range. Its organoleptic characteristics are very 
good, wrt.h unbeatable balance and sweetness w.th flO hard flavours and they pour very 
smoothly and are light, sometimes reminding us 51' htty or exotic fruits, apples and almonds. 
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A Olive Oil 
Buyer's Guide 

World Olive Oil Market 
Mediterranean countries account for 98% of world 
olive oil production. The total world supply deter
mines to a great extent what world prices will be, 
whether or not individual producing countries have 
large or small crops. 

North American Market 
The US and Canada constitute the largest consllll
ing market, oUlside the producing countries, but 
only import about 8% of the world supply. 

Types of Olive Oil 
Sold in North America 
• EXTRA VIRGIN OLIVE OIL is obtained 

from the fruit of the olive tree by mechanical 
means. It is immediately edible and has a 
maximum acidity of 1 %. Its fruitiness may 
vmy in intensity. Exper1s judge it to have per
fect flavor characteristics. 

• VIRGIN OLIVE OIL is obtained from the 
fruit of the olive tree by mechanical means. It 
is immediately edible and bas a maximum 
acidity of 2"10. Its fruitiness may vmy in inten
sity. Exper1li judge it to have good flavor char
acteristics. 

• OLIVE OIL is blend of refined olive oil and 
vmying amounts of extra virgin or virgin olive 
oil to give it a characteristic olive flavor, color, 
andarorna 

• "LIGIIT" OLIVE OIL is a blend of refined oil 
and sufficient extra virgin or virgin olive oil to 
give it a light color, taste and aroma. 

• OLIVE POMACE OIL is a blend of refined olive 
pomaa! oil and vmying amounts of mt\ra virgin 

$"'" ~-- - ~.""~-~-",'-.--.""'"'''----''''' ---

or virgin olive oil. A small amount of oil remains 
in the pomace or residue that is left after olives 
have been pressed. It can be recovered by solvent 
eKtmcIion, which is the method that is gEIlerally 
used to produce seed oils. 

Quality Assurance 
EveI)' company in the olive oil trade must have 
quality assurance and testing procedures to make 
sure that the product it buys or sells is in compli
ance with the international standards for olive oil. 
As suppliers establish their names in the market, it 
is not necessary that eveI)' lot purchased from 
them be tested, but some testing is always called 
for to make sure that perfonnance is consistent 

Exporting and importing countries test olive oil, 
some in a veI)' aggressive manner - testing eveI)' 
lot - and others on a random basis. The North 
American Olive Oil Association (NAOOA) regu
larly collects and arranges for the testing of olive 
oils from supennarket shelves in the US and CIIl
ada to make sure that they confonn to the interna
tional standards. It also collects and tests olive oils 
from food service distributors, club stores, and 
other outlets handling olive oils sold in the food 
service trade. Even bulk olive oils are collected by 
the NAOOA for testing. 

Price As Indicator 
of Quality 
Buyers in North America are well aware of the 
pricing for popular brands in the marketplace. 
Price differentials may be rue to the way brands 
are brought to market, the quality of the oils, and 
the timing of promotions. Still, there are levels at 
which olive oils must be sold in order to cover the 
import cost, the cost of distribution, and normal 
ovedlead These levels can vmy within a certain 

range. When product is being sol4 consistently at less 
than fairmaiketvalues it should be1l'lsted frequently. 

The NAOOA does not judge what constitutes a 
legitimate or fair price for olive oil. If a buyer is 
suspicious about an oil because of its price or rp
pearance, he may contact the NAOOA for guid
ance on how it should be tested. 

Product Guarantee 
Buyers are advised to require in their Purchase Or
ders a written guarantee that they will be rein
bursed for the price of product found to be out of 
compliance with lhe International Standard for 
Olive Oil, plus the cost of any recall, legal fees, 
and loss of consumers' good will. 

NAOOA's Olive Oil 
Testing Program 
As a service to the industty the NAOOA ammges for 
the Wsting of olive oils under established procedures 
that provide lawful protection for all parties. 

Buyers Ire encouraged to buy from members of the 
NAOOA, or from companies whose testing program 
is equivalent to the NAOOA program. 

For more infonnation on the NAOOA Testing Pro
gram and its membership write to the North Ameri
can Olive Oil Association, 5 Ravine Drive, P.O. Box 
545, Matawan, NJ 07747 or call 732-583-8188. Fax 
requests to 732-583-0798. 

6 NORTH AMERICAN OLIVE OIL AssociATION 

February. 1998 
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• Refined OINO Oil 

Otlve oil obtained by refinifl{l virgin oh''(~ oils, whose free aCId, , expfessed ES ~ ac . ca .. 
grams per 100 grams and ",..,hose other chara;de Shes are I aCCOl"dance wrtl ~ establ~hed Ie 

• Olive 011 

O!iv:e oil that consists of a m: ;ure '~f refined 0 i'e I and ~ Itg ;n Oil e c ls, ! If'lg 1 
exp es.sed as oIe;c aCtd, cannot be more than 1.5 graIns per 100 grams and ....,l'lose 
accOl'dance wrth HKlse established for the category. 

Of the at:-overnentloned OIls, only Extra Virgin OHve Oil. Vtrgin Olive Oit ar:{~ OHve Oil are ma~ed d 
consumer. Ordinary Vtrgin and lampante Oils are 0 ty rnarketBlj whOie$<lle 

f( 

Sometimes, due to unfaVOtl table d 1mate ConditIOns 0 de 1C1e . ... ·es the ptod , r-
olive OIls have a high degree of acKi ty or a defectIVe (laYOUf . C~( 0 a s. ca 
lampante Virgin OHs, must go through a refin p('()Cess ·o cooed these detec:s i·s ocess 
reduces the d&Jree of a,cidity ana eh 'nates the a-eledlle eM", aoo f Th how Reftned 
Olive Oil is obtained. a product tl a~ mam ams the cnetruca! structu eo 01 ooes not • e 
aroma orflavOtlL This product IS marXeted, bt.1 a oertain quanM 01 Extra Virgin , Vrrgm or 
Ordinary Virgin Olive Oil \.S added to the OIl lo 91' e 11 a ;oma and flavour T IS ca~ 
called "Olive OU" IS 0- aine(t 

• Crod~oliv-e-pomacf! oil 

0 1 obtained by treating oi['le pomace withsoMftts, loci 'k'!g c,lls obtatneQ ITom re-est 
from any mixture of oH-s 'Nlth other pm~rtj;e$. and .... mose other char3c1ertstics ate n accorda 
estabUshed fOf the category. 

• Refined olive--pomace oil 

0 1 obtained by refining crude olIve-pomace ~I. fr~ actdit>f< e(~'res:sed as o.\eicadd, ca 
grams per 100 grams and Yt11o:seother cnaracter"i:stlcs are in accordance~rth those establ 

• Olive-pomace oil 

on that c-oosists ·of a mi:xtureof refi:ned oljve~pornac..e oit a~"ld . rgin oli'leol~s> ru'4 j:!1C~udl 
aC:idity. expressed as ote'k acid, cannot bernore than 1 .5 grams per 100 grams and 'M'lOSe 01 
in accordance with fucseestablishea fc<r the cat~ . 

. ~ Oiive pomace IS the scUd residue Of paste obtained from the of' prooucbon proc:ess (d\nlg 
;. presstng or centrifugation}. TNs residue is tre-ated wtth ~iveflt$ to extract u. 
ebta!n Crud@ Oli\fe..p.oma~ Oil Aa It IS nol ednlle, . has tc LffidefgO re P(~ • 

. ts slm' to the ~ampante ·irg*nol.:iveod process, tn obtain Refinerlotiv~.p~ Oil 
with no flawur < aroma Of ootour; is lmpn:wed with ed~~ vlrgin oJ.hte oils {r~:4 .;~ 
to obta.k'! the tift ca '"'Ohve--Pomace OU". 

; , ••. ' f' 
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This is the fnt issue of the United States standards for Grades of Olive Oil published in 
the FEDERAL REGISTER of February 20, 1948, to become effective March 22, 1948. 

Voluntary U.S. grade standerds are issued under the authority of the Agricultural 
Marketing Act of 1946, which provides for the development of official U.S. grades to 
designate different levels of quality. These grade standerds are available for use by 
procfuoers, suppliers, buyers, and const.meI"S. As in the case of other sta ldards for glades 
of processed fruits and vegetables, these standards are designed to facilitate orderty 
marketing by providing a convenient basis for buying and selling, for establishing quality 
control programs, and for determining loan values. 

The standards also serve as a basis for the inspection and grading of commodities by the 
Federal inspection service, the only activity authorized to approve the designation of U.S. 
grades as referenced in the standards, as provided under the Agricultural Marketing Act 
of 1946. This service, available as on-line (in-plant) or lot inspection and grading of aU 
processed fruit and vegetable products, is offered to interested parties, upon application, 
on a fee..for-service basis. The verification of some specific recommendations, 
requirements, or tolerancas contained in the standards can be accomplished only by the 
use of on-line inspection procedIns. In all instancas, a grade can be assigned based on 
flflal product factors or characteristics. 

In addition to the U.S. grade standards, grading manuals or instructions for inspection of 
several processed fruits and vegetables are availeble upon request for a nominal 
fee. These manuals or instructions contain detailed interpretations of the grade standards 
and provide step-by-step procadures for grading the product. 

Grade standards are issues by the Department after careful consideration of all data and 
views submitted, and the Department welcomes suggestions which might aid in impl'O'ling 
the standards in future revisions. Comm8I1ts may be submitted to, and copies of sta Idards 
and grading manuals obtained from: 

Chief, Processed Products Branch 
Fruit and Vegetable Division, AMS 
U.S. Department of Agriculture 
P.O. Box 96456, Rm. 0709, So. Bldg. 
washington, D.C. 20090-6456 
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§52.1531 Product description. ........................................ 2 

§52.1532 Grades of olive oil. ......................................... 2 

§52.1533 Recommended fill of container. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 

§52.1534 Ascertaining the grade ....................................... 2 

§52.1535 Ascertaining the rating for each factor. .... . . . . . . . . . . . . . . . . . . . . .. 3 

§52.1536 Free fatty acid content. ...................................... 3 

§52.1537 Absence of defects. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 

§52.1538 Odor.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 

§52.1539 Flavor.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 

§52.1540 Ascertaining the grade of a lot ................................. 5 

§52.1541 Score sheet for olive oil. ..................................... 6 

Authority: Agricultural Marketing Act of 1946, Sees. 203, 205, 60 Stat. 1087, as 
amended, 1090, as amended (7 U.S.C. 1622, 1624). 

Note: Compliance with the provisions of these standards shall not excuse failure to 
comply with the provisions of the Federal Food, Drug, and Cosmetic Act, or with 
applicable State laws and regulations. 
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§52.1531 Product description. 

! Olive oil is the edible oil obtained from the fruit of the olive tree (Olea europaea L); is 
clarified, has a specific gravity of 0.910 to 0.915 at 25· C.125· C.; has an iodine mmber 
(Hanus) of 79 to 90; has a refractive index of 1..4668 to 1.4683 at 25° C.; and is packed 
in containers suitable for preservation of the product. 

! 
i 
• 

§52.1532 Grades of ofive oU. 

(a) U.S. Grade A or u.s. Fancy is the quality of olive oil that possesses the 
typical greenish to light yellow color of olive oil; possesses a free fatty acid 
content, calculated as oleic, of not more than 1.4 percent; is free from 
defects; and is of such quality with respect to odor and flavor as to score not 
less than 90 points when scored in accordance with the scoring system 
outlined in this subpart. 

(b) U.s. Grade B or U.S. Choice is the quality of olive oil that possesses the 
typical greenish to light yellow color of olive oil; possesses a free fatty acid 
conteIll, calculated as oleic. of not more than 2.5 percent; is reasonably free 
from defects; possesses a reasonably good typical odor; possesses a 
reasonably good typical flavor; and scores not less than 80 points when 
scored in accordance with the scoring system outlined in this subpart. 

(c) u.s. Grade C or U.s. Standard is the quality of olive oil that possesses the 
typical greenish to light yellow color of olive oil; possesses a free fatty acid 
content. calculated as oleic, of not more than 3.0 pelcent; is fair1y free from 
defects; pass e ssas a fal1y good typicaJ odor; possesses a fair1y good typical 
flavor; and scores not less than 70 points when scored in 8CCOIdal'lce with 
the scoring system outlined in this subpart. 

(d) u.s. Grade D or SubsIandard is the quality of olive on that falls to meet the 
requirements of U.S. Grade C or U.S. Standard. 

§52.1533 RecoI.M.ietoded fUI of container. 

The recommended fill of container is not illCOfPOIated in the Qlades of the finished product 
,. since fill of container, as such, is not a factor of quality for the pwposes of these "ades. II 

is recommended that each oontainer of olive 011 be filled with olive oil as full as placticable 
\ without impairment of quality. 
II 

I 

§52.1534 Ascertaining the .... 

(B) The grade of olive oil may be ascertained by considering, in addition to the 
requirements of the respective grade. the following factOlS: Free fatty acid 
content, absenca of defects, odor, and flavor. 

2 



(b) The relative importance of each factor is expressed numerically on a scale 
of 100. The maximum number of points that may be given for each factor is: 

Factors Points 

Free fatty acid content ................ 30 
Absence of defects . . . . . . . . . . . . . . . . . . . 30 
Odor.............................. 20 
Flavor..... .. . .. ....... .. .. ....... . .-2Q 

Total Score ... ;............... 100 

§52.1535 Ascertaining the rating for each factor. 

The essential variations within each factor are so described that the value may be 
ascertained for each factor and expressed numerically. The numerical range within each 
factor is inclusive (for example, 27 to 30 points means 27,28.29. or 30 points). 

§52.1536 Free fatty acid content. 

(a) General. The free fatty acid content shall be detennined in accordance with 
the method described in the current Official and Tentative Methods of 
Analysis of the Association of Official Agricultural Chemists. 

(b) "An classification. Olive oil that possesses a free fatty acid content of not 
more than 1.4 percent. calculated as oleic acid. may be given a score of 27 
to 30 pOints. 

(c) "B" classification. If the olive oil possesses a free fatty acid content of 
more than 1.4 percent, but not more than 2.5 percent. calculated as oleic 
acid, a score of 24 to 26 pOints may be given. Olive oil that falls into this 
classification shall not be graded above U.S. Grade B or U.S. Choice. 
regardless of the total score for the product (this is a limiting rule). 

(d) "C" classifICation. If the olive oil possesses a free fatty acid content of 
more than 2.5 percent but not more than 3.0 percent. calculated as oleic 
acid. a score of 21 to 23 points may be given. Olive oil that falls into this 
classification shall not be graded above U.S. Grade C or U.S. Standard. 
regardless of the total score for the product (this is a limiting rule). 

(e) nSStd" classification. Olive oil that contains more than 3.0 percent free 
fatty acid. calculated as oleic. may be given a score of 0 to 20 points. and 
shall not be graded above U.S. Grade 0 or Substandard. regardless of the 
total score for the product (this is a limiting rule). 
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152.1537 Absence of defects. 

(.) General. The factor of absence of defects refers to the degree of freedom 
from cloudiness at 60° F. due to stearin, and from sediment. 

(b) nAn classification. Olive oil that is free from defects may be given a score 

I 
of 27 to 30 points. Free I'rom defects means that the olive oil is entirely free 
from the defects mentioned and that no water or other liquid immiscible with 
the olive oil is present. 

(c) "B" classification. If the olive oil is reasonably free from defects, a score 
of 24 to 26 points may be given. Olive oil that falls into this classification 

I shall not be graded above U.S. Grade B or U.S. Choice, regardless of the 
I total score for the product (this is a limiting rule). Reasonably free from 

defects means that the olive oil is reasonably free from defects mentioned 

I and that no water or other liquid immiscible with the olive oil is present 

I 
(et) "C" c::Iassilicalion. If the olive oil is fairly free from defects, a score of 21 to 

23 points may be given. Olive oil that falls into this classification shall not be 
graded above U.S. Grade C or U.S. Standard, regardless of the total score 

I 
for the product (this is a limiting rule). Fairly free from defects means that 
the defects mentioned may be present but may not impair the quality of the 
olive oil and that no water or other liquid immiscible with the olive oil is 

I present. 

(e) "SStd" classificaUon. Olive oN that faNs to meet the requirements of 

I paragn.",h (d) of this section may be given a score of 0 to 20 points and shall 
not be graded above U.S. Grade 0 or Substandard, regadless of the total 
score for the product (this is a limiting rule). 

I 552.1538 Odor. 

J (a) GeneraL The factor of odor refers to a typical olive oil odor and the degiee 
of freedom from strong green olive odor, from musty, moldy. butyric, , zapatera. rancid, or any other off-odors. 

(b) "A" classificadon. Olive oil that possesses a good typical odor may be 

j 
given a score of 18 to 20 points. Good typical odor means that the olive oil 
has a typical olive oil odor and is practically free from off-odors of any kind. 

(e) "B" classificadon. If the olive oil possess.s a reasonably good typical 
J odor, a score of 16 or 17 points may be given. Reasonably goad typical 

odor means that the olive oil has a typical olive oN odor and is reasonably 

J free from off-odors of any kind. 

J 
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(d) "C" classification. If the olive oil possesses a fairly good typical odor, a 
score of 14 or 15 points may be given. Fairly good typical odor means that 
the olive oil has a typical olive oil odor and is fairly free from off-odors of any 
kind. Olive oil that falls into this dassification shall not be graded above U. S. 
Grade C or U.S. Standard, regardless of the total score for the product (this 
is a limiting rule). 

(e) "SStd" classification. Olive oil that fails to meet the requirements of 
paragraph (d) of this section and that possesses a definite musty, moldy, 
butyric, or zapatera odor or any other definitely objectionable odor may be 
given a score of 0 to 13 points and shall not be graded above U.S. Grade D 
or Substandard, regardless of the total score for the product (this is a limiting 
rule). 

§52.1539 Flavor. 

(a) General. The factor of flavor refers to the typical olive oil flavor and the 
degree of freedom from strong green olive flavors, from musty, moldy, 
butyric, zapatera, rancid, or any other off-flavors. 

(b) "A" classification. Olive oil that possesses a good typical flavor may be 
given a score of 18 to 20 paints. Good typical flavor means that the olive 
oil has a typical olive oil flavor and is practically free from off-flavors of any 
kind. 

(c) "8" classification. If the olive oil possesses a reasonably good typical 
flavor, a score of 16 or 17 paints may be given. Reasonably good typical 
flavor means that the olive oil has a typical olive oil flavor and is reasonably 
free from off-flavors of any kind. 

(d) "C" classification. If the olive oil possesses a fairly good typical flavor, a 
score of 14 or 15 points may be given. Fairly good flavor means that the 
olive oil has a typical olive oil flavor and is fairly free from off-flavors of any 
kind. Olive oil that falls into this dassification shall not be graded above U.S. 
Grade C or U.S. Standard, regardless of the total score for the product (this 
is a limiting rule). 

(e) "SStd" classification. Olive oil that fails to meet the requirements of 
paragraph (d) of this section and that possesses a definite musty, moldy, 
butyric, zapatera, or rancid flavor or any other definitely objectionable flavor 
may be given a score of 0 to 13 points and shall not be graded above U. S. 
Grade D or Substandard, regardless of the total score for the product (this 
is a limiting rule). 
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1 §52.1540 Ascertaining the grade of a lot. 
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The grade of a lot of olive oil covered by these standards is determined by the procedt..I'e$ 
set forth.in the Regulations Governing Inspection and Certification of Plocessed 
Fruits and Vegetables, Processed Products Thereof, and Certain 0Iher Processed 
Food Products (7 CFR 52.1 through 52.83). 

§52.1541 Score sheet for olive oil. 

The following score sheet may be used to summarize the factors detennining the various 
grades: 

Size and kind of container '~~"" .. ~"~""""'.' ... """"'~"".".".' 
Container code or markings ...... ~ ................................................................. 
Label ...........................................•...•......•...•... 
Contents (liquid measure) ............ ~ .................................................................. 

Factors Score Points 

"A" 27-30 
Free fatty acid content • * ................ 30 "S" 24-26jJ 

"C" 21-23jJ 
*'0" 0-2OjJ 

"A" 27-30 
AbsenCe of defects . . . . . . . . . . . . . . . . 30 "S" 24-26jJ 

"C" 21-2311 
"0" 0-20 11 

"A" 18-20 
Odor ............... "' .... " .......................... 20 "B" 16-17 

"C" 14-15jJ 
"0" O-13jJ 

"An 18-20 
Flavor .. '" ......................................... 20 "S" 16-17 

"C" 14-15jJ 
''0'' O-13jJ 

Total Score ............................ 100 

U.S. Grade ............................................ ~ ......................................................... 

11 Indicates limiting rule 

Recodified in the Federal Register of December 9, 1953 (18 F.R. 8(14) 
Section 52.1540 amended May 22. 1957 (22 F.R. 3535) 
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Olive Oil LabeJing 

.: United Stares Food and Dtr!& Admm;,tr.ttion 

.. Olive oil is the edihIe 01 el!!W'Ssed from the sound. ma~ fruit of the olive \!!!e - FDA 
'" The Food Labd: U. S. Food and Drug Administtation FDA B>ekgIoundec May 1999 

Brief Labeling Guide for Oli"" Oil 
From the Nonb Am:aicLtt Olive Oil Auociati(ql 

5 Ravine Drive P.O. Box S4S _, NJ 07747 Tel, 734.5U.Sl88 F 

Almost 011 food ~ regulation. "'" woreed hy the US FOQd..,d Dnlg Administruion (FD 
Requirement that is enfoteed by the US Cu.toms Semce, bot """" that regulation can be won: 
the United States today is 00 nutritioa. Olive oil compan.ie.t must comply with :regulations on: 

.. Nutritionall,beling 
". Net weight decluations 
• Metric decl=.dum 
",. Countx)' of origin m.arlriog sequiremeuts 
iII/I Lahe!iog in twolangusges 
.,.. Pxoduct descriptions 

Nutritional Labeling Reguiatiom _ effective Augu" 6. 1994. 

Nutrient Dedarations 

21 CPR Sectinn 101.9 sets out and ezplains 011 the nuttiems that need to he dedued on the foo 
are a mw enmptiolU for product:s that have no significant food value, ie.less than S calories pe 
For the latter. there must he a telephone number OJ: an address on the label that the conllUInel: C 

FDA has specified da:t the following Jlutrients must be dedued 011 a label: c.to:De1l. Total fat, u 

Sodium, total cubohydute, dietuy fibe~ sugan, protein, vitamin A, vitamin C, ctIcium snd lmn 
amounts· of seven Ot more of these nutrients} such as olive OD. only the: foilowi:ag nutr:ients mu 
- total fat - saturated fat - total camohyduu:: - protein - sodium" and nutrients pxeset:lt in mOle 

* An "insignificant amount:"" is ddiaed as an amount that .ows a. declan.tion 0 

that foe toul cubohy_, diew:y fibe1:, and pmtein, it sb.n be an amount th 
onegum." 

Addi!iowdIy, the setriog size and the number of serving> per conw.- mu.t be dedued. The. 
.......... and in grams "" miI1ilitets (if p<oduct illlIuid). Po, olive oil the setriog size would be 1 
a. decl.uation to the timplified fQm::tat:, sucll til I'Im01loUllSatuu.ted fat", then the st:atement "Not 
on the next page. 

C!!Iprie! must be "'P ... sed to the _t 5aIoUe in_, up to and including SO coIodes. an 
Amounts less than 5 calories may be apl9$ed as zero (0). In detnn,;ning Caloric Content, one 
facto" (ie., the A_to< method) given in Tabl. 13 "Iln<qy Volne of Foods-Basis and Delivui 
Handbook No. 74. This book is aWI.ble from: Division ofNutxirion, (Center fo, Food Safety 
SW, Washington, DC 20204. 

C!!Iprie! &om P ... muot be .. pressed to the n ..... t 5calolic increment up to and including 50 c 
calorie&. .Amounts less thau 5 ctiories may be cxpn:ued as zero. 

Calorie. &om ......,.....: fat are 110t requbed This ded_ ill voluntuy Total Fat (total lipid 
declared in gtam.s to the nearest Va gr:un ioeteroents bdQW 5 gwns and to the neatest pm mer 
exp .... ed .. ...., (0) 

Saturated W (_ of.n futy acid, «>ntsining no double bonds) may be dedmed as 0 if thete i 

03/3()1200 I 
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Nutrition Facts Se,..;"g Size I Tb.p 

(15mL) Setviogo Pe, Container 
Amount Per Se1:vin2 
Colon.. 120 Fat Cal. 120 

% Dailv V.due • 

Toto! Fat 1'1£ 22% 
Sa-=ted Fat 2g 10% 
PoIvunsa11rnlted Fat 1.52 
MooOOJlOatuttted Fat 102 
ChoJ.s"""l0m.2 0% 
Sodium !ltnII; 0% 
Toto!Catho Q% 
Protein OR; 
Not a signfficaot sow:ce of dietny fibet, sugars, vitamin A, 
vitamin C. ealei1un aod iroo. 

"Pero:nt Dailv values are based 00 a 2,000 <:01",,", dietc 

SeMng aize;' 1 tablespooo(I5ml). 0.,. tablespoon;' a<:tually 14.786 ml1litlw: 15 mI or 14.786 
in a con~ and the numhet of setVings: Jte: toU.O.ded to the neuat whole number. In using t 
number of ..,..;"g. percontainetwill be as follo_lliter-li8, SOOmi 34,250mI-17,itl_ll 
calculates semng sizes on the huis of 15 ml pet tIblapoon, them will be one 0% more fewer se£ 

21 CPR,. Section 101.54 sets limitations on tM use of tetmJ thu desa:ibe the nutxit:D.t 'h1ue of a 
,ouree or, etc. If tbexe;. no l!ecommended Daio/ lnt"'" (ROl) 0< Daio/ Recommended V.due ( 
descriptive tean like "high in" to describe the nutrient on the lIbeL Fot example, thete is no RD 
describe olive oR u being "high in", 0:1' a "good soutte of't monounsaturated fat. 

21 CPR. Sec:tion 101.56 deals with the nutrient content claims for "light!' Of "li.te'". '1Jgbt" Ot "lit 
deacdrea some physical or org1lloIeptic attn'bute of the food such as t:e::ctwx! 0.% colot and it is st 
........ ") t1at it d<uly conveys the narure of the p,oduct; and the attribute (e.g. colot 0< IHIllte) 
type size as the word "light" and in immediate proximity theteto. If a maaufactutet C&tl det'nonst 
through connnon use. with a particula:t food to reflect a pbys.ical or oJPnoleptic attribute (e.g. Jj 

to the point whem it has become part of the statement of identify. such use of the tum ''light'' s 
subject to' the ~tB for such claims," It does not appeu that any company could substa 
tbmugh common ..... with ollve 0. to reflect • physic.u 0' 0'll""oieptic .t:trlbute itl the m<nnet 

Sodium Coateot Calm. 

Olive Oi can:mm a "Sodium Ft:ee" claim. "Sodium Fme" means that the food contains less tJu. 
~t vrust accompany the claim; "See nutrition infuun.a.uon fot: fat contMt. II If the food is 
"A $Qdiumftee fooeL" 

s..Jt F""" No Solt Added 

Olive OIomma'b a "SaltFme" claim. Salta not SQdium. It is: sodiumchlodde. A ",altftee" da 
_food. 

I 
I 
I 
I 
I 
I 
• I 

I 

1 
• Cont_.,FFoods l 

21 CFR, Section 101.62 oe .. out the ~tiooa on _ ~ da.inu 1ur fat. fatty acid aod 
mob my da.inu "'"''''''' to fa, content It cannot cWm to be "low in $atU<ated fat" becanoe the , t 
must _ Ie.. dan I gum. of •• """'" fat pttt 'eMng and the _...,rated fat ouIy lICCOIlJlls 1ur 1 I 
cannot cWm to be "high in monounsawnted fat .. :. became nutIient contalt claims can only be 
mQnOWl$atunted fat. FDA seems to limit nutrient content claims on fatty acids to such te1ms a 
.imiIa.t eapre .. iono. Although it permits ""tbful rod IIon-misl .. ding _hic dtwicea to amplijy 
suppJementuy info:rmation must be collsistent with the :requiwments. fer nutrient content claim. i 

:'\~ , 
0313012001 'J.. 
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Olive Oil Labeling· The Olive Oil Sou"", 

:/Iwww , .hlm 

Page50f7 

"Imported ftom ______ or "Packed in ________ _ 

The: otigins of extra. virgin olive oils that He bJe.o.ded in the United States to produce a new- am 
The importer of bulk extra virgio olive oil must cettify to US Customs tlw: if it p.clts the oil, it 
sell, the oil to a packer, it will infoml the packer of its obligation '" put the COWl,,!, of odgin on 
extra virgin olive oj to produce' olive oil' ~an to be a substaatial change. The countty where 
'Olive oA' is not 1'E!fined olive oil. nor is it extra virgin olive oil Refined olive oil is not a CQllJUme 

colorless, ad odorles$. Extta vi:tgio olive oil is a p:remium ptoduct that is immediately consuma 
contain any refined olive oil. It has distinctive compositional • .o.utriti.onal and sensoty chuacter.ist 
decluations may change as a ttsult of the international harmonization ptoject being curled out 
Ulliled S ..... is parlicipating in this project. It ill unlikely _ the project will b. comploted befor 
origin do not control advertisidg messages. Advertising is subject to the jutisdiction of the Feder 
restxiding refetences to foteign countries in adves:tWng. State::ments. h~ must be tmthful. 

LabelinJin Two~. 

Wh<n I.bel. conuin worth or ,tatern.,." in almguage other thao EugIish, FDA regulaliom spe 
be in both~, 21 CPR § 101.15 (c) (2) reads in put; "If the I.bel conuin. any "'l"" ....... 
other infum>ation required by or under authority of the act [FD&C Act) '" "PI"'" on th.label $ 

Nutritional Label both languages can be u~d in the one "Nullitioml Facts" box. It is a little cro 

Lot C<>delo 

.AlI.,u"" oil paodocts should b.lI><Uhd with ,10. code. If the government deteanin .. _ th= 
to be withdaawn from the m"ketpI."" the ou1y way to limit the _t of the _ is by ilIolalin 
codes, there is no way to limit the recall The "Agreement to Monitor Olive Oils and Olive Pom 
member companies of the Signatory Associations; that is. essentially an pa.c1rets of olive oJ. to us 
poaw:eoil 

Product Deocriptioa8 

Product deacriptions "'" regulated by Sectioo 403 (0) (1) of the FDA&C Act which ...... thO" " 
labeling is false or misleading in any particulaa <0" Not ou1y the product deacriplioo must be ace 
the label mull b. 'CelU," and eonaistent with the prodoct desCI:iption. Coettadictoay infounati 
dilIplay panel deseabes • prodo.t as Pute Olive Oil, and the iofoDnalion panel deseabes it .. "N 
conttadictoay and misleading, U .. of the paodoc:t deacriptions "E .... Fine Olive Oil" and "Em 
cona:lwhle that the .. teml$ tould be used on • label .. advertising .~ .. long as they. 
product de:saiptions they do not conform with the intemational standards for olive oil Use of t 
ing E .... Vugin Olive Oil" is confusing and misleadiag.It oonvey. the false aolioo that the con 
Pomace Oil". By detiW!ion, Olive Pomace OiIcontaina .. .,u"" oil, be it ....... or not, • 
.. _ oil ill misleading. U .. of the product deacIiption "Pum Olive Oil with Extta Vi>gin 0 
stating Ihat the "Pum Olive Oil" is en.ricbed with "Extta Vi>gin Olive OiI", .. opposed'" simply 
be comidered the ~ ingredient.ln Ihat case, the ~tage of ....... _ oil 
definilion, ill , blond of aelined _ oj and .. olive oil. It cannot conuin aectifiod oil, that is, 
the ptincipal diopIay panellhat its prodoct ill Pure Olive Oil, aod then on the information panel 
prodoct ill milIbaandod. .All the word. in the product description "Olive p""""" OR" should be 
_ o. Ie .. conapicuoo •• De.ignating Extta Vugin Olive Oil u: "Highest Gode", V.ugin Oli 
"Lowest Gnde~ chemically washed, Second Ptess" is confusing and mjsJ..,dj. to the eonsume:c 
dusi6ct.tions. It is also inao:ut.:tte to described Pate Olive o.il as "ch.ecnic.Jlywuhed'1 because it 
product. To describe Pum Olive on as Setood Pless ill in.accun .. as W<i!. Ad';'" tha • .,u"" oil 
and daogero ... It sobjecta the p.cl= to &-"" lli>bility fo. law sulb .temnting from fire o-age 
contnmtt QwrhMting ol.ive oi. 

Nome """ Place ofBu&iaeu 

The name and place ofbosiness of the........r.ctu.e packet, oa dilIttibutoa of.,u"" oR ""' .. be 
on the plincipal display panel •• on the iofotmation panel S ..... ~, city, state and zip cod 
omitted if it is shown in a CUttent city directory 01: telephO!:le directoty. The addteH can be in the 
.ddreaa abaoad. 

No ingredient statement is required on an olive ail because the p:r:oduct has no inpdient other t 

0/'" 
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CODEX STAN 33 

1. SCOPE 

CODEX STANDARD FOR OLIVE On., VIRGIN AND REFINED, 

AND FOR REFINED OLIVE-POMACE OIL 

CODEX STAN 33-198. (Rev. 1-1989) 1 

Ap1af7 

This Slandard applies 10 virgin olive 00, reIinf.d olive 00, reIinf.d oJive..ptu •• :e 00, I*ods at reIinf.d o1ive oil 
and virgin olive oil and blends at re:tined oIivCilCJllWle oil and virgin olive oil. 

2. DESCRIPTION 

2.1 0IJve 011 is the oil ohIairwi &om the fruit of the olive tree (OIM europtl«l satiWl Hollin. Cit LiDk) 
wilhout having been subjecled to manipu\alim or any l1ealnltill not ~ by _ 51 ctions 2.2 and 2.3 of 
this S1andard. 

2.2 JI1r,rla oIlPe 011 is the oil obIained &om the ftuit of the olive tree by IIlI'lI'1wric:al or OIlIer pbysic:aI 
means IDler omditims, partiadady tbermal, which do not lead to aIteraIim of the oil. Virgin o1ive oil is II! oil 
which is suitable for COIlSIIIlIp1im in the natura1 sIBle. 

2.3 bJbuttI oIlPe 011 is the oil obIained &om virgin olive 00, 1be acid ...... 4 andI« orp.",,* 
characleristics of Mlid1 Ialde£ it unsuiIabIe for CXlIlSImpIim in 1be naImaI stale, by DIllS of ,mil"" 
methods whic:b do not lead to alUnlims in 1be initial glyceridic strucIIn 

2.4 bJbuttIoIh.,...r:e 011 is 1be oil ohcained &om "oIivepo"-"" by OICllii:Iion by _ of ....... 
and made edible by means of reIiDins methods Mlid1 do not lead 10 alUnlim in 1be initial glycaidil; .. \dille. 

3. ESSENTIAL COMPOSITION AND QUALITY FACI'Oe 2 

Lauric acid (C 12.'0) Not JII : ! .1 in disremible 1lII0I''' 

FOIDII'dy CACIRS 33·1970. 

1 The limits of .....m .. (lO '''jMlollitioa mil quaIliy faclOn of lIimiP g!jys gi!a show -r 1riIWy ..,..., mini ..... 1D 

and maxUnllD1 values, sW:e tbey take acx:ouut of Ihe oil clJarcteriatics of all pmhrins 0IlIIIII:ries. ~ mil 
limits of pbysieal IUd cbcmieaI iDdices aDd values, and of fatty add ,u"I"ISitiOll for Ihe VIIIious grades of yjgrjp o!jye 
!!ill produced in each olive..growing area. deIamincd at Ihe <>UIIJet aDd '** of the olive oil prooll ..... year ..... 
published yearly in each prod"cing countty's "Notional Olive Oil Index File'. 

> Samples fallins ou1side the OLe fatty add rIDges .... not in complimcc wifh Ihe SIadanI. ~ory 
non-1JIIIldatmy ~teria may be employed if it is coosidered ~ to confum !hat a Sllllple is in complimcc wifh Ihe 
standard. 



CODEX STAN 33 

Myristic acid (C 14:0) <0.1 

Palmitic acid (C 16:0) 7.5 - 20.0 

Palmitoleic acid (C 16:1) 0.3 - 3.5 

Heptadecanoic acid (C 17:0) <0.5 

Heptadecenoic acid (C 17:1) <0.6 

Stearic acid (C 18:0) 0.5 - 5.0 

Oleic acid (C 18;1) 55.0- 83.0 

Linoleic acid (C 18:2) 3.5 - 21.0 

Linolc:rric acid (C 18:3) <1.5 

Arachidic acid (C20:0) <0.8 

Behenic acid (C 22:0) <0.3 

Erucic acid (C 22:1) Not present in discernible amounts 
Lignocerlc acid (C24:0) < 1.0 

3.1.2 Physical and chemical indices 

3.1.2.1 Relative density (20°C/water at 2ifC) 

Vi1gin olive oil 
Relined olive oil 
Refined olive-pomace oil 

3.1.2.2 Refractive index (rb) 

Vi1gin olive oil 
Relined olive oil 

Relined olive-pomace oil 

) 

) 0.910 - 0.916 

) 

) 1.4677 - 1.4705 

) 

1.4680 - 1.4707 

3.1.2.3 Saponification value (mg KOHIg oil) 

Vi1gin olive oil 
Relined olive oil 

Relined olive-pomace oil 

3.1.2.4 Iodine value (Wijs) 

) 184-196 

) 

182 - 193 

Vugin dive oil ) 75 - 94 

Refined olive oil ) 

Relined olive-pomace oil 75 - 92 

Page 2 017 
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CODEX STAN 33 p"g, 3a17 

3.1.2.5 Unsapooifiable IJlIIIIII!r (using light petroleum) 

Vitgin dive aI ) not more tbao IS gIka .. 

Relined dive oil ) 

Relined olive-pomace oil not moretbao 30 g/kg S 

3.1.2.6 Bellier index 

Vugin dive aI notmoretbao 17' 

Relined dive oil 

Relined oIive-pomace oil not applicable 

3.1.27 Semi-sia:alive oil test 

Vngin dive aI ) 

Relined olive oil ) negative 
Relined dive-ponw e oil ) 

3.1.28 (Jive pomace oil test 

Vugin dive aI ) negative 
Relined olive aI ) 

Relined oIive-p:lllllCe oil not relevant 

3.1.29 Couoilseell oil test 

Vugin olive oil ) 

Relined olive oil ) negative 
Relined oIive1" lI'ace oil ) 

3.1.2.10 Teaseed oil test 

Vugin dive aI ) 

• A duIraetc:ristie feature of the un""P""ifiabie matter in oIjye !j! is its coaIalt of squ"'eoe, wIJich is hiF IhIIl 
that of the other ~ble oils. ADathcr distinctive feature is that its sterols _ "."I,,*"I of pnctic::aUy pure 
beta-sitoslaOL 

, The .msapnnifiable mattcr of nIUm.rom ..... ojl COIItains mm: alcobolie oompounds tha that of viqin orntined 
olive oils, and its iodine value is therefore lower !ban that nonnalIy noted in virgin or re1incd olive oils, Ed its IIIdtiD& 
point is bighe.-. 

• SbouJd this index: be bijjhertha J 7, the coaIalt of araebidic. behcaic Ed fi&nooerie acid sbIIl be I!ivea-



CODE:>< STAN 33 

Refined olive oil ) negative 

Refined olive-pomace oil ) 

3.1.2.11 Sesameseed oiltests 

ViIgin olive oil ) 

Refined olive oil ) negative 

Refined olive-pomace oil ) 

3.1.2.12 Sterol content (% of 1he sum of beta-sitosterol, C8!Dpesterol and stigmasterol) 7 

ViIgin olive oil 

Refined olive oil 
Refined olive-pomace oil 

Beta-sitosterol 

) 

) =93 

) 

3.1.2.13 Saturated fatty acids at position 2 

ViIgin olive oil 

Refined olive oil 

Blends of refined olive oil and viIgin olive oil 

Relined olive-pomace oil 
Blends of refined olive-pomace oil and viIgin olive oil 

Campesterol 

=4.0 

Maximum level 

l.5%mlm 

1.8%mlm 

1.8%mlm 

2.2%mlm 

2J}"A.mlm 

Page 40(7 

Cholesterol 

=0.5 

The saturated fatty acids at position 2 means the sum of1he palmitic (16:0) and stearic (18:0) acids expressed 
as a percentage (mlm) of 1he total fatty acids at position 2. 

3.2 Quality dlaraderisties 

3.2.1 Colour. odour and tzte 

Virgin olive oil: Clear oil, of a yellow to green colour, wi1h specific odour and taste, free from odours or tastes 
indicating alteration or pollution of oil. 

Relined olive oil: Clear oil, limpid without sediment, of clear yellow colour without specific odour or taste and 
free from odours or tastes indicating alteration or pollution of 1he oil. 

Relined olive-pomace oil: Clear oil, limpid, without seditmllt, of a yellow to yellow-brown colour, without 
specific odour or taste and free from odours or tastes indicating alteration or pollution of the oil. 

7 Beta-sitosterol as determined by the method of analysis specified by the Standard includes A5 avenasterol 
since this is not separated from beta-sitosterol by the column packing material SE30. 
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Blends: The colour, odour mel taste man be in1l':nnedia18 between diose of two typeS b1ax1ed 

3.2.2 Free acidity 

Aciditv . nMAlijMP 

V.ugin dive ciI 
Relined dive ciI 

% m/m!!!1t!!l!!!SSed as oleic acid 
3.3 

Relined olive-pnm1Dl oil 
Blends 

0.3 

0.3 

I.S 

3.2.3 Peroxide value ('m milliequivaJ.tms peroxide oxygmtg oil) 

V.ugin dive ciI '" 20 
Relined dive ciI '" 10 

Refined oJive..pomace ciI .. 10 

Blends "'20 

EI:a, EI:a, 

II!!! KOHlS ciI 

6.6 

0.6 

0.6 

3.0 

4 EI"'_ 
I1lIIXinun 111232 nm DIIIlrirmm 111270 nm " •• ;,,,m miaIjm. 

_ZIOnm 

Vugin dive ciI 

Refilled olive ciI 

Refilled oIive-p;mare oil 

Blends of R&Ied olive oiIlIld 
virgin dive ciI 

Blends of refiDed olive- JIOIIIIIO' 
cillD1 virgin dive ciI 

4. FOOD ADDITIVES 

4.1 Vagin dive ciI 

4.2 Relinedolivecil 

Refined oIive-JlOI1IIIC8 ciI 

3.SO 

6.00 

S.SO 

Noone peamilttid 

0.30 

1.10 

2.00 

0.90 

1.70 

) AIpba-1ooopI....-oJ for the purpose of 
) .... lOiing D1d1n11DCopheraI1ost in 

prOC<SSing 

• 
0.16 

0,20 

O.IS 

0.18 

200 mgIka toIII 
alpba-tcx:oplMl~ in the final 
product 

• Oils having a specific extiDction aI 270 11m exccaling 0.30 may sIiIl be iCjjIIdcd IS virgin oils if. afIa-~ of 
the sample through !lCliValed alumina. their specific extioctim at 270 _ is less IhIII1 0.11. 
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Blends ) 

5. CONTAMINANTS 

5.1 Matlllr volatile at 105°C 

ViIgin olive oil ~O.2%mlm 

Refined olive oil ~ 0.1% mlm 

Refined olive-pomace oil ~O.I%mlm 

Blends ~ O.1%mlm 

5.2 Insoluble impuri'lies 

ViIgin olive oil ~ O.1%mlm 

Refined olive oil ~O.05%mlm 

Refined olive-pomace oil ~0.05%mIm 

Blends ~ 0.05%mlm 

5.3 Soap Test 

Refined olive oil ) 

Refined olive-pomace oil ) negative 

ViIgin olive oil ) 

ViIgin olive oil ) not applicable 

Blmds ) 

6. HYGIENE 

It is recommended that the product covered by lhe provisions oUlis Standard be prepared in accordance with 
1he appropriate Sections of 1he GerunI Principle of Food Hygime recommended by 1he Codex Alimentarius 
Commission (Ref No. CACIRCP 1-1969, Rev. 2-1985). 

7. LABELLING 

The provisions of the General Standard for the Labelling of Prepackaged Foods (CODEX STAN 1-1985 
(Rev. 1-1991» shall apply. 

7.1 The name of the food 

1. I.l All products designated as "olive oil" shall conform to 1he provisions of this Standard fur virgin olive or 
refined olive oil and shall be either virgin olive oil, refined olive oil or a blmd of refined olive oil and virgin olive 
oil. 

I 

I 

I 

I 
I 
I 
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7.1.3 All products designated as "refined olive oil" sbaIl coofonn to !he povisims b rdined dive oil. 

7.1.4 All products designated as "refined olive-pomace oil" sbaIl <XDfiAm to !he provisions b 
refined.pomace oil 

7.1.5 Refined oJive.po~ oil sbaIl in no case be described as "olive oil" but sbllllIlwI!ys be des ... , III 

"Jefined oIive-jlOOllla! oil". 

7.1.6 Blends ofrefined oIive-poolllal oillDl viIgin olive oil sbaIl be described as "oIive-p ... e oil". 

The labdIing of nm-nItaiI contaiD11'5 sbaIl comply with !he secIim 5.3 of !he O"jcWines em ' ........ 
Provisions in Codelt SlarIdards. 

8. METHODS OF ANALYSIS AND SAMPLING 

See Codelt A1imt:u1arius Vol\BDe 13 . 

Applicable only to outer contaiDcn fox- a number of prepackaged foods only. 
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41.1.19 
N.:JIIC; aIIcIaI SlrpIus Mel! iOd am 161* 

SoIWleAckls In alsand Fills 

26.IlJI) 

Anal ActIon 
SUplus1965 

:Race flask used in 92O.l8J(JJ) aDd its CORUts m 
HiO lUb aDd evap. the aIooIrl. Add <J.I'Uity c{ O.5N 
I-K:l EqJiv. Ioquaotity c{K(H.-J roc sop:riiicatioo 
c{ san:pIe in 920.16O(B) aDd I nL IIIIe (<J.I'Uity c{ 

O.5N fCl 10 be ad<hI = ti1m roc lUnk - titm fer 
san:pIe + I nQ, and pace flask 00 ~ bath until 
sepd lilIty !rids focm clear layer 00 upper sur:fiIce c{ 
JiqJid FIll flask 10 IleI<:k withb:t. HiOam cod cxrJmIs 
in ic&Hi0 until cake cI lilIty !rids ha!:tIem lkroIy. 
!'bur liquid .....- eX flask thru filta iItD 1 L flask. 
n:6I.l flask with bot I-\Q and set 00 steam lUb until 
faIty!ridsoollect at sur:fiIce. 0Xll by iInUising in ire
HiO aDd again filta liquid iItD the 1 L flask Repeat 
this Ileal"..,., with b:t. 1-\0 3 times, ~ am 
collecting 'I\IlShings in the II flaskafteo-each trealnl!lJL 
111r. curbiua1 ~ withO.lN NJ(H, !a6.1(j(Q 
aDd (Q. using P1dIIn Subtract 5 (CUl""! ... 1ing 10 
excess c{ 1 nLO.5Nacid) fi:a:nnLUlN l'W:H.-J 
aDd rmltiply by U<nl8 to 00tain wi: sol. !rids as 
butyric ldd Calc. % sol. >rids. 

©AOAC.INIERNA.TICNAL 
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41.1.14 
AOAC Offtclal.,thad 920.159 

ladhle Ablarptlan N.mber 
., 0111 and Fat. 

WII* •• lIIod 

'1 •• 1 Acllon 

(Ca .. liM: &.AppendixB. safely !101M OIIpipels. acetic: acid. and 
cbImine.) 

Wi). inIlbo! soI_-<l) Dissolve 13 g _limed I, in 1 L 
C",COOH. and pass in driod (lIlrougII H,.SO.J a, UDliI original 
No,S.o, IltraIico of sollllioa i. DOt qui1Io _bled. (ClIoracblrisIi 
color_geatendpoiDtjndic_JI'OPI""lJIIOlIJIlofq,.CauveuienI 
method i.1o """'"" some of original I, soIuIioD, add sficbI
ofCl,1O buIt of solutioo, and bring 10 desired liter by ... addiriooo of 
~ portiOII.) Or: (2) DiIIsolve 165 g ICI in 1 L CH,COOH. 

Storein ambes" bon1c sealed willi p&nIIIin until ready for ..... Wijl 
solutions .......... ilive 10 1c:mp<IIIIlIn:. moisIIII", and lighL StoJ!' in 
_ at <30". DdcrmiDO IlClralio as follows: 

IodiN! _III.-Pipol 5 mL Wlis soIIIIioa inlO SIlO mL I!rIou
meyerCOlllllioing ISO mL _1edC!rH,o and ....... gm. beads. 
ShaI<c,"'1O bp. and boil hristIy 10 miD. CooI. add 30 mL u..so. 
(1 + 49) and IS mL 15'111 K11101utiOD, and tiInIe jmmodjately with 
o.lNNa,SA 

1l>I4lIta/opl CDIWIII.-Pipol20 mL WJjs soIIl1iou into SIlO mL 
ErieDllllOJl'l'a ... .;.ing ISO mL_liy boiIod and cooIod H;,O and 
15 mL 1S'III K1_. TItrme jrnmMjallOly willi O.lNNI;tS.o,. 

whcm X " mL 0.1N Na,SA n:quin:d fur I, .-t and B " mL 
.noquirodforlolalhaiogencooteoL IICI raIiomust be 1.I0±0.1. 

B. D_Iit.IftI. 

U"" sample weicht raIn1laled .. 2(i(expecIed Iodine ..... or 
from Tobie t:III.lD. 

Weizh melled and filIen:d sample _ cIeaD, cby. SIlO mL gm.. 
SIOppeI"d Ilask OODIOiniDg 20 mL C'C4. WIIb pipet. add 2S mL I, 
so1utlooo, droiDingpipet clcfirlittlime. S-ofl,sbould beSO-6O'l> 
ofllmllllllladdod.lbatis, lOO-ISO'IIIof_absorbocl. Swid. and 
lei boIIIc.'- in _ 30 miD at 2S± S·. Let samples willi I, values 
>ISO (l.iaseaI and perilla) SIaod 1 h. 

Add 20 mL 15'111 KI aollllioa and 100 mL _Iiy boilool and 
cooled ",0. n_ .... willi 0.1NN.,s,o.. M127 ( .... A.1.I3). 
added padaaIJy. sIIaking COIIIWJtIy UDIil yellow solu1iou 1IImS 

aImosI colorlcss. (Vigorous IIIlII!Ddio SIining is " ..... "",je.lL) Add 
few drops slaldl iDdicator. (mix co 1 g ooluble sIaIdI willi ..... "'" 
cold H,o 10 make lbin paate. add 100 mL boiIiDC H:tO. and boil co 
I min while stirring) and COIIIimu: litralioo UDIil hllIC IOItirdy disap

p<ara. T_ end of -n. stopper bon1c and sbab violently so 
Ibat any I, remeiniDg in sobllioo in C'C4 may be _ up by KI 
solulion. 

Coednct 2 _.Iioos on bianb in .. ..,., _ as sample, 

bol witltout fal. S6gIU wrialions in tanporallln: appm:iably affect: 
titer of I, solution. as CH,COOH has high coellicient of '"'paDSion. 
It is essenlial. therefore. that blanks and determinations 00 sample 
be made at same time. Na,S,o, equivalenl of 12 absorbed by sample 
taken = mL staodanl Na,S,O, solution r<q11ired by blank (8) - mL 

_ in dderminaliOll (S). C ......... by weigId of I, aI!oorloed ... 
in 92O.l_ ( .... 41.1.13) and pPOI1u 1z1lllJllbcr. Wlis meIbocI. 

T ... II tal.1I9 ' ... plt W ... ~ .. 
lodl •• Valu. II Sa .. plt-

3 
10 
20 
40 
80 

120 
160 
200 

10.51-1.4. 
3.17-2.54 
1.59-1.27 
0.18-0.13 
0._.32 
Q.28-o.21 
0.20-0.18 
0.18-0.13 

~ IAOAC4I. 127(1965). 

! 0.5 
U 
0.2 
0.2 
41.2 
0.1 
0.1 
0.1 

Copyright 1998 AOAC INTERNATIONAL 



41.1.15 
AOAC Official Method 993.20 
Iodine Value of Fats and Oils 

Wilt (Cycloheune-A.etlc Acid S.lven!) lIeth.d 

Firat Action 1993 
IVI'AC-AOC$-AOAC Mil/hod 

(Applicable to determination of iodine value for fats and oils which 
do notcootain conjugated double bonds,) 

(Caution: Wijs solution causes: severe burns; vapors can cause 
lung and eye damage, Use of fume bood is recom
mended. See "Appendix: Laboratory Safety" for proce
dures on safe handling of acids and organic solvents 
[cyclohexaneJ.) 

Method Performance: 
See Table 993.20A for method perlormance dats. 

A. P,illelplll 
Fat or oil sample is mixed with iodine monochloride solution to 

balogeuate double bonds in fat or oil Excess iodine monochloride 
is nnduced to free iodine in presence of potassium iodide, and free 
iodine is measured by titration with sodium thiosulfate using starch 
as indicator. 

Iodine value (IV). calculated no cg iodine absorbed per g of sample 
(% iodine absorbed), is a measure of unsaturation of fats and oils. 

B. ApPln/". 

(al Gla.fI·Sloppe,.d iodinejla,k.,.-Soo mL. 
(b) Gla.fI.,toppeTe<i volumetric jlasks.-lOoo mL, for preparing 

standatd solutinns. 
(e) Iblwruttrlc dispensers,-(l) 25 mL, forWij. and 15% potas

sium iodide (KI) solutions, (2) 2 mL, for _ch solution, (3) 50 mL, 
forH,o. 

(d) Repeater pipel.-20 mL, with filling flask, for cyclohexane. 
(e) Analytical balance.-Accurate tn±(l.Oool g. 
(f) Filters.-Asbless. coarse gmde (Wbatman No, 541 is suit

able), 
(g) H", air o"" ... -Capable of maintaining 100" within ±l ,5', 

C. n.,g.ntlt 
(al Polonium iodide (KI) solutwn.-15%. Dissolve 15 g KI in 

100 mLH,O. 

(b) Wijs im1i •• so/utwn.-{ 1) Dissolve 13 g resublinted I in I L 
acetic acid, and pass in dried (through R,SO.) CI until original 
Na,S,o, titration of solution is not quite doubled. (Characteristic 
color change at end point indic .... pmper anlOUDt of CL Convenient 
method is to reserve some of original I solution, add slight acess of 
CI to bulk of solution, and bring to desired titer by readditions of 
reserved portion,) Or: (2) Dissolve 16.5 g ICI in I L acetic acid. 

Detennine OCl ratio as fonows: 
(I) Iodine content.--l'ipet 5 mL Wijs solution into 500 mL 

Erlenmeyer flask containing 150 mL saturated Cl-H,O and some 
glass beads. Shake, heat to boiling, and boH briskly 10 min, Cool, 
arid 30 mL H,SO, solution (I +49) and 15 mL 15% KI solution, and 
titrate immediately with O.IN No,.S,o,. 

(2J Total halogen content.-Pipet 20 mL Wij. solution into 500 
mL Erlenmeyer t1ask containing 150 mLrecently boiled and cooled 
H,o and 15 mL 15% KI ",lution. Titrate immediately with O.IN 
Na,S,O,. 

JJCI = 2XJ(3B - 2X) 

where X = mL O.IN Na,S,O, required for I content and B = mL 
required for total halogen content, IfllClratio is not LlO±O.l, add 
lor Cl to correct ratio. 

Standardized Wijs solution may be obtainnd fmm commercial 
suppliers (specify without carbon telmchloride). 

Store in amber bottle seated with paraffm until ready for use. W'tjs 
solutions are sensitive to temperature, moislUre, and light. Store in 
darl< at <30', 

I 

I 

(0) Soluble ,taM soIUlian.-Mix paste of 1 g SlJlr<:b with .man 
amount cold H,O. While stltting, arid 200 mL boiling H,o. Thst for , 
sensitivity: place 5 mlstarcb solution in 100 mL H,O and arid O.OS I 
mL O.IN indine solution; doep blue color produced must be dis
cbarged by O.OS mL O.IN sodium thiosulfate solution. (Note: 1 % 
starch !lOlutiou, commercially available, is suitable.) 

(d) Potassium dichromate (K,Crp,I.-Finely grind and dry to 
constant weight (ca 110") before using in D. 

(0) Sodium tilia.ulfale (Na;,S,O,·5HpJ soIUlion.-4l.IN. Stand
arelize as in D. 

(0 Acids.-( I) Hydrochloric acid (HCI).-Concentrated. sp gr 
1.19. (2) Acetic acid (C,Hp,).--Glacial. (3) Sulfuric acid 
(H;,SO,).-Concenrrated. 

Table 99UOA Method Perform In .. 'or Determlnatlo •• f Iodine Vllue by WI). lIethod .llng Carbon TetlO.hlorlde SolVent or 
Cy.loh ... ne·A •• tl. Acid (1 + 1) Sol .. nl 

Mean Value s, 'A RSO" % RSOR. % 

Sample CTC' CHX· eTC CHX eTC CHX eTC CHX CTC CHX 

Sunflower 133.6 132,9 1.4 1.7 3.4 2.3 1.1 1.3 2.6 1.7 
Refined palm 53.1 53.0 0,1 0.2 0,3 a.4 0.2 0.3 0,5 0,7 
Crude fish t09,1 108.5 0,7 a.5 1.7 1.1 0,6 0.5 1.6 1.0 
Tung 164,5 163.1 2.0 1.4 3,1 2,5 1.2 O,g 1.9 1.5 
Tallow (b .en 47.2 46.9 0,2 0,2 0,5 a,4 0.5 0.5 1.0 0,8 
Ctude palm 52,5 52.6 0,3 0.4 0,4 Q.5 0.5 0,8 O,B 1.0 
Used frying 37.7 37.7 0.1 0.2 0.2 0.3 0.4 0.5 0,4 0.9 
Palm kernel 18.2 18.3 0,01 0.01 0,03 0,04 0, t 0,1 0,2 0,2 
Olive 62,3 82,2 0,2 0,5 0.6 0,8 0.3 0.6 0,7 0,9 
HSaO c·l 102.6 102,3 0,5 0.8 La 1.9 0,5 0,8 1.7 1.8 
HSB~-2 74.7 14.8 0.5 0.4 1.0 0,6 0,6 0,5 1.3 0,8 
HFO 73,0 72.8 0.4 0.4 0,7 0.6 0.6 0,6 O,g 0.8 

"Carbon lettacnlorkie. 
bCytk)bexane~acetie acid (1 .. 1). 
"Hydrogenated soybean oil. 
lI}fydrog.nated fish oil. 

Copyright 1998 AOAC INTERNATIONAL 
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(g) ~,-IND"" EmIlie resuIbI may result if cydoIIex
_ i. old, i.e., COI1I11ios ollidi%8hJr; -. ..., (II),} 

(Il) ~eJic acid ..uvmt,-MilI: cyclahcoJ-. (&:). 
and acetic acid, (f)(2), 1 + 1 (volDmelwlume). V<rify _ of 
ollidiDbIe mailer in solvent by slIaking 10 mL soI_ with 1 mL 
saturaI<d ~ K.Cr.Or soIutioo rmd 1 mL H,so .. (f)(3), No 
green color sboold appear. 

D. SWltlmllntltlllllf .odlllOl 'III11 •• fftllfI 'olfltItJlI 

ACCIIllIIeIy weigh 0,16-0.22 II cIried, finely groUDd &p,p.,. 
C(.). to_o.oOOlllinto SOl) mLfIask,dissol ... in 2S mLH,O, 
add 5 mL IKl. C(l)(l), rmd 20 mL KI so1uIioD. C(b). and _ to 
mix. Let IIIaIId S min. Add 100 mL H,O. 11""111 _ sodiwn 
thiosulfate solution. C(e). slIaking continuously 1UIlil yeI10w color 
bas"lmo.ttdlsappealed, Add 1-2 mLstan:h indicator so1uIioD. C(C). 
and COIIIi .... adding thiosolfalo solution slowly 1UIlil blue color just 
disappe8lll. 

Na,S,o, solution 1ICII1IIaliIy. N = 
[20.394 x wt K,Cr,o,ymL sodiwn thiosolfalo 

E. D._iII.tIII" 
Melt tal IIaIIIpIe. if 001 ahady liquid (do 001 ext:eed ..... ple 

melting point by >10"), Ploss _ sample tIIrougb double laF of 
filler popor to ............ y sotid impIIriIies and """'" ofH,O (filtra
tion may be peafulllloal in air _ ""100'. bootslJould be<Omp_ 
within 5 min :t 30 5), SampJr; must be IbsoIuIely dry. fJ'I"" AD 
glasswn JI1IIIIl be absoImeIy c:lean and compIeIeIy dry,) 

Let fiIfend _ sample cool to 63-71°. lmmediately weigh 
_of_sample indicatOLd ill 'IlIb1e,,3.:I8B into <I-. dry SOl) 

mL flask, 1(8), 
I'Jepano II _ 2 blank deIIIrmiDaIions to run with oocb sample 

group, 
Add IS mL cydoIIex_ acetic acid solveot, C(II). to oocb _ 

sample and awirl to ......... thai sample is compIeIeIy dissolved. 
Dispeose 2S mL WIja soloIion iIIto flut cantainiog __ pie, 

stopper flask, and awirl to miL '_iOlllly sot timer for 1.0 or 2.0 
h, ~ng on iodine _ of sample (IV <150. 1.0 h: IV l!150. 

2.0 II) and _ flasb iD dade at 2S :t S· fur cIuraIion of teactioll. 
hmow: _ fJOm dolt. add 20 mL KI solutiou. C(b). ODd mix, 

Add ISO mL H,O ODd gradually _ with O,lN sl8Ddani Na,SA 
so1uIioD. D. _ constant and vigorous llhating or lM'haeical 

stirring.Continuat.ilrating1Ullilyel1owcolorbss .. /mrutclissppalled. 
Add 1-2mLstan:hjndjcator..,_toflasbrmdCOlltinueIiInllin& 
1UIlil blue color bss just disspptaled. fJ'I-.. If teaction is IlOl 
tmminsIed by additioa of KI and H,O within 3 min past l.O or 2.0 
b reaction time. sample mut be discarded. The sample must be 
titnttOLd within 30 min of reodionlfmlinstion: if nnt.1be IIIIIIIysis is 
invalid) 

Tabl. "3.2'. 5 ... pl ••• Igblt 
I V.... Sample, 9 

3 10,58-8.46 
10 3.17-•. 54 
20 1.59-1.27 
40 0,79-l1.63 
80 0.40-0,32 

120 0.26-0.21 
160 0,20-0.16 
200 0.16-0.13 

Acc.racy, mg 

0.5 
U 
0.2 
0,2 
D.2 
0.2 
0,2 
0.2 

Iodine value (IV) .. [(8 - S) x N x 12.69J1wt m sample 

,"",,",B-1iInlIion of blank (mL);S=~ "' ....... (mL); N .. 
nonnaIiIy ofNa,SA solution. 

1Wa.ncea: Pue It. AppL a-. Q, 2339(1990); 1. AOAC lnt. 
77,674(1994), 

Copyrigh11998 AOAC INTERNATIONAl 



FOOD COMPOSITION AND ADotnVES 1 

Detennination of the Iodine Value of Oils and Fats: Summary of 
Collaborative Study 

i 
I 

DAVID FIltISTONE 

U.S. Food aDd Drug Administration. Diyision of Pesticide and Industrial Chemicals. 200 CSt. SW. Washington, DC 20204 1 ----------------------------------------------------------------------
Two collaborative studies were conducted using 
the Wljs method lor determining the Iodine value In 
I wide range 01 vegetable and animal oils and fats. 
The results obtained when using carbon tatrechlo
ride were compared to those obtaIned when using 
a substitute solvent mixture of cyclohexane and 
giaclal acetic acid. The values reported for the io
dine values indieata that the cyclohexane and ace
tic acid mixture can be used in place of earbon tet
rachloride without loss of precision. The method 
has been adopted first action by AOAC INTERNA
TIONAL as an IUPAC/AOCS/AOAC method. 

E
leven laboratories from 9 countries participated in a col
Iaborative study conducted in 1989. The test samples 
represented a range of lipid materials. including 7 vege

table oil. consisting of olive oil. refined palm kernel oil. crude 
and refined palm oil. tung oil. sunflower seed oil. and hydro
genated soybean oil; 3 animal fats consisting of crude and hy
drogenated fish oil; and tallow. Each of Ibe II materials was 
provided as blind duplicates. The participants were required to 
determine the iodine value once only using carbon tetrachlo
ride. and ODce only using a mixture of cyelohexan. and glacial 
acetic acid (1 + 1). 

Eighteen laboratories from It countries participated in • 
second collaboratiye study conducted in 1990 (I). The te,t 
samples included 3 materials in blind duplicate. (hydrogenated 
soyb.an oils at 2 levels of hydrogenation, and hydrogenated 
fish oil). Solvents used in Ibe second study were Ibe same as 
Ibose used in the 1989 study. 

S.bmittcd for publication December 12, J992. 
Tile recommendation wu approved by tbe Committee on Food 

thUtithtn and was adopted by Ibe Offlcial M ethoos Board of the 
Assoeiatio1l:, See "Changes in Official M efhods of All3lysjl" (1994) J. 
ADAC [t1.f. 77 .1anlFej) issue. and "0 fficial Methods Board Actions" (993) 
Tnt RtJtrtt.17. July issue. 

O. Fireuone is the AOAC INtERNATIONAL General Referee on Fats 
aDd Oil~. 

993.20 Iodine Value of Fats and Olls-Wljs 
(Cvclohexane-Acetle Acid Solvent) Method 

IUPACIAOCSIAOAC Method 

First Action 1993 

I 
I 

(Applicable to determination of iodine value for fats and oil. 1 
that do not contain conjugated double bond •. ) 

Method Perform •• ce: 
S .. Table 993.20A for method performance data. I 
[C •• rion: Wij. solution causes severe burns; vapors can 

caus. lung and eye damage. Use of fume hood is recom
mended. s •• Appendix: Laboratory Safety for procedures on I 
safe handling of acid, and organic solvents (cyeloheune).) 

A. Principkl 

Fat or oil sample is mixed with iodine monocbloride sOlu-1 
tion to halogenate double bonds in fat or oil. Excess iodine 
monochloride is reduced to free iodine in presence of pot .. -, 
sium iodide. and free iodine is measured by titration with !o
dium thiosulfate using .tarch as indicator. 

Iodine .alue (IV). calculated as centigram s (cg) iodine ab
sorbed per g sample (% iodine absorbed). is a measure of un-l 
saturation of rats and oils. 

B. Apparatus , 
(a) Glass stoppel'lld iodin. f/asks.-500 mL. I 
(b) Glass stoppered vDIl'lnetri, flasks.-IOOO mL, for pre-

paring standard .olutions. • 
(e) Volumelric disp •• sers.-(1) 25 mL, for Wijs and 15% I 

potassium iodide (KI) solutions. (2) 2 mL. for starch solution. 
(3) 50 mL. fot H,O. 

(d) Repealer pipet.-20 mL. with filling flask. for cyclo- i 
hexane. . 

(e) Analytical balance.-Accurate 10 ±O.OOOI g. 
(f) Filters.-Ashless. coarse grade (Wb.tman No. 541 is , 

,uitable). . 
(g) Hot air oven.-Capable of maintaining 100· within 

±I.S0
• 

C. Reagents 

(a) P.M,.ium iodide (KI) SOlulio •. -15%. Dissolve 15 g 
KI in 100 mL H,O. 



1 (II) Wij. iotIiII. !"lation.-(l) Dissolve 13 & ICsublimed I 
io I L acetic acid, 8.d pass in dried (through H,SO.> CI uatil 
original N "2S,01 titnltion of solution is OOt quite doubled. 

" 

(Characteristic color cllange at cod poiat iodicate. proper 
amount olCI. CORYcoiont medlod is 10 _lYe some of origiaal 
, solntion, add sligllt excess of CIIl) bulk of solulioo,llId bring 
to desired IilCr by resddllions of reserved portion.) Or: (2) Di5-

I solve 16.S g ICI in I L acelic acid. 
Oet.rmin.OCI ratio III follows: 

, lodil/~ co.,..t.-Pipet S mL Wijs solotion inll) SOO mL cr· 
I lenmoyer Dast containing ISO mL saturated Cl-H,O and lome 

g!all beads. Sbake, lleat to boiling, and boil briskly 10 min. 
Cool, add 30 mL H,SO. solution (1 + 49) and IS mL 1St. KI 
solution, and litnle immediately willi O.IN NI2S,Ol' 

TOlal /lulog •• "Oftt.II/.-Pipet 20 mL Wijl solution iolO 
500 mL erlenmeyer flaK colltaining ISO mL recently boiled 
and cooled H,o •• d IS mL I$t. KI solotioo. Tiuale immedi
ately wid! Il.lN NIlS,o). 

,_ 2X 

! CI 3B-2X 

• wkcreX: mLO.lN NI,s,Oj required forlcoDlenlllld B=mL 
required for IOtal bllogcn conICal JfOClnoo is not 1.10 iO.I, 
add r or Clto correct ratio. 

SllIadardized Wijs sulolion may be oblaiacd from commer
cial suppliers (specify .,ilbuut carooD lCttaChloridc). 

! SIDre in amber bollle se.led wilb paraWm until ready for u.e. 
I Wij. solutinn. are sensitive to ICmpenl1lre, moisture.llId Iiglll 

S lOre in dart 1\ dO·. 
I (e) Sol.ok sill"," .olatioft.-Mix pUle of I B slan:h willi 
I small amoURt cold H,O. WIIiIc stirria" add 200 mL buibg 

H,O. Testfor_sitivily: place S mLsrarch solution in 100 ml 
I H20 and add O.DS mL O.tN iodine solution; deep blue color 
I produced lDast be discllarced by 0.05 mL O.IN sodium d!iosul
I fate solution. (HOlt: Iii sweb solution, commercially av.i1-

able, i. suitabl •. ) 
! (II) Pow ... dicltrolllul. (K~r,07J.-FincI1' lriad and 
I dry to CODSIIat .,.igllt (ea 110") before usiag in D. 

(e) SO;/iu .. llUo'/I/fate (NflzS,o,5H,oJ soluliDft.-O.IN. 
• S IlIDdardize IS in D. 
I (1') Acids.-(IJ Hydroclr",ric acid (HCI).-CoDc.ntrlted, 

sp gf 1.19. (1) At,Iie acid (C~~2)·-GIaCial. (3) Sulfuric 
acid (HzS0J.-Collccntrated. 

(I) Cyclolluan •. -(N"k: Emtic results m.y Itsult it cy. 
clobexane is old. i.e., contaias oxidizable mailer; .eo ~).) 

(h) Cycbllr.u;un • ...""tlie acid solvtlll.-Mix cyclob.xaa., 
(I), and acelic acid, (1')(2), I + I (yJy). Verily absence of oxl
di.able mailer ia solve.tby sbalting 10 mL solvent.,iIb I mL 
saturated aqueous K,CrzO, soluoon aad I mL H2SO., (1')(3). 
No Blten color "ould appear. 

O. StandatrJization of Sodium Thiosullitll1 Solution 

Accuralel}' weigh 0.16-0.22 II dried, Iinely ground 
K2Cr201, C(d), to nearest 0.0001 g iato SOD mL flask, dissolve 

in 2S mL H20, add 5 mL HCI. C(1')(1), aad 20 mL IClsolntioa. 
C(b). and rolate to mix. Lei stand S mia. 

Add 100 mL H,O. Titrlte with sodium d!iosulfllll: solotio .. 
e(e), IbatiA. cooUouously unol yellow color b."",,stdiA,. 
pean:d. Add 1-2 mL llareh iadicalOf SOIoOOll, C(e). and co.
onoe adding Ihiosulfale solotina slowly WltiI bloc color just 
disappears. 

E. Delllnnination 

Melt te!(Sample. it Dotafresdy Iiqaid (do IIOt ucced sample 
mcltioll poinlby >10'). Pus test sampl. IIltou,' doable layer 
of ftIler paper 10 remove Illy solid imparities IlId InCCS of H,o 
(ftitraUon may be performed m air OVU, CD 100'. bouhould be 
completed willlin S i O.S min). Sample must be absolotcfy dry. 
(NOli: All gl.ssware mUll b. absolutely de .. ad complea:ly 
dry.) 

Let filteted tells.mple cool 10 68-71o.lmllledialCly weip 
amouDt of test sample indicated ill Table '".211 inlO cicu, 
dry SOO IIIL flask, B(D). 

Prepare It least 2 blant detcrmialliou 10 IUn witll eKII 
sample IrouP. 

Add 1 S mL cyclobeullC-lcetic acid IOhenl, C(l). 10 cae. 
tell 58111plc IlId swirl to ensure lIIal_ple is completcfy dis· 
solved. 

Dispel .. 2S IIIL Wij. lolorioa mlD flask c:oataiaill& tell 
sample. stopper f1ast, IlId IWirlto mix. Immediately SCllimer 
for 1.0 or 2.01, dependmg 08 indlae \'aloe of sample (IV <ISO. 
1.0 h; IV ~ISO, 2.0 II) I.d 110ft: fIaH:s m dill It 2' i So for 
dunooa of reaction. 

Remov. f1asks from daft, add 20 mL IClsolulioll, C(II). ad 
mix. Add 1S0lllLH20 andpadually tiuaICwilb &.IN staadanI 
Na,s201 sololiol, n. wilb conSIlII .. d vl&OfODI sIIaliag or 
meehaDical llining. COUDaUC otntin& ulil yellow color ... 
almon disappeared. Add 1-2 mL stan:h iadil:alDf solorio. 10 
flasks lad enlo.uc litnlil. aatil blue color hal just dinp
peared. (No',: U reaction is DOt lermiDaled b, additioa of 1.1 
and H20 wilbm 3 min pUI 1.0 or 2.0 • reactio. limc, sample 
musl be discarded. The sample maS! be litnted willai. 30 mm 
of reaclioa leminaooa; if DOt, die llIalysis is inYllid.) 

F. Calculation 

. (B-S)xNxI2.69 
lod ••• valu·IIV): Wt f I o samp. 

wbelt B " titrltioa ofblanlt (mL); S" litntio. of_pl. (mL); 
N : normality of Na2S,ollOlutina. 

Ref.: Pare.l Appl. CMm. 61, 2339(1990);JAOAC 77, 674 
(1994) 

Referance 



Table 993.20A Method performance for delermlnatlon of IodIne value by wlJa method using carbon tetrachloride 
.olvent or cyclohexane-acellc acid (1 .. 1) solvent 

Mean value s, SR RSD. 'K> RSD", !; 

Sample CTC· CHX· eTC CHX eTC CHX CTC CHX CTC CHX 

, 
S unJlower 133.6 132.9 1.4 1.7 3.4 2.3 1.1 1.3 2.6 1.7 
Relined palm 53.1 53.0 0.1 0.2 0.3 0.4 0.2 0.3 0.5 0.7 
C'ode fish 109.1 108.5 0.7 0.5 1.7 1.1 0.6 0.5 1.6 1.0 
Tong 164.5 163.l 2.0 1.4 3.1 2.5 1.2 0.9 1.9 1.. 
Tallow (beeQ 47.2 46.9 0.2 0.2 0.5 0.4 0.5 0.5 1.0 0.8 
Crude palm 52.5 52.6 0.3 0.4 0.4 0.5 0.5 0.8 0.8 1.0 
Used trying 37.7 37.7 0.1 0.2 0.2 0.3 0.4 0.5 0.4 0.9 
Palm kernel 18.2 18.3 0.01 0.01 0.03 0.04 0.1 0.1 0.2 0.2 
Olive 62.3 82.2 0.2 0.5 0.6 0.8 0.3 0.6 0.7 0.9 

H580"-1 102.6 102.3 0.5 0.8 1.8 1.9 O.S 0.6 1.7 1.8 
H580-2 74.7 74,8 0.5 0.4 1.0 0.6 0.6 0.5 1.3 0.6 
HFO· 73.0 72.8 0.4 0.4 0.7 0.6 0.6 D.6 0.9 0.8 

~ Carbon IetrachkJride • 
• Cyclohexane-acetk: acid (I tIl. 
t Hydrogenated soybean oil. 
d Hydrogena1ed fish 00. 

! 
i 

I 
I 
I 
i 

J 

I 

I 
J 



TabIIt 993.2DB SlImpIe Weigl ... 

I value Sample, 9 Accuracy,mg 

3 10.58-11." to.S 
10 3.17-2054 to.2 
20 1.59-U7 iO.2 
40 0.79-0.63 10.2 
80 0.40-0.32 10.2 

120 0.26-0.21 ± 0.2 
160 0.20-0.16 10.2 
200 0.16-0.13 ±02 



41.1.01 
AOAC Official Method 981.11 

0118 and Fals 
Preparation 01 Sam pie 

Pracedurt 

U.e clear sediment-free liquid sample directly after inverting 
the container several times. If liquid sample contains sedimentf 

release all sediment from walls of container and distribute uni
formly throughout the oil for determination of moisture and 
volatile matter. For determinations in which results might he 
affected by possible presence of H20 (e.g .• iodine value). dry 
.ample as follows: Add anhydrous Na,SO. in proportion of 1-2 
g per 10 g sample, and hold in oven at 50·. Stir vigorously and 
filter to obtain clear filtrate. Prepare solid sample for determina
tion of moisture and volatile matter as directed in 926.12 (see 
41.1.02). For other determinationo, melt sample in drying oven 
at • temperatUre at least 10· .bove lOp. If clear, proceed directly. 
If turbid or contains sediment. filter sample inside oven, For 
determinations whicb migb! he affected by the presence of mois
ture (e.g., iodine value), heat portion of sample in drying oven at 
500, or 100 above lOp. adding 1-2 g anhydrous Na,SO. per 10 g 
.ample. Mix sample thoroughly and filter in drying oveo. To 
retard rancidity. keep oils and fats in cool place and protect from 
light aod air. 

Reference; lAOAC 64, 429(1981). 

Copyright 1998 AOAC INTERNATIONAL 
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41.1.&1 
AOAC OfficlalM.lIIod 993.25 

Polymerized Trlglycerld .. In Oil, and Fit' 
G.~Po ..... tioft liquid Ch'om.to .... phlc lIelllod 

Firat Action 1913 
Fln.' Action Uti 

IIII'AC-AOCS-AOAC •• 111011 

(Appli<able to deImDiDatioIl of 3'1> [1IIfeig/llllnightJ polymerized 
triglyterides in vegetable. f'ats ODd oils: heated. not belted, ODd ...... 
for frying.) 

(Caulioo: Tenbydrofuran ODd WIueoc "'" bQ:hIy fIammoble ODd 
roD: by iugestioo ODd inhalation. Use in 0 fume hood 
atotlti ...... ) 

Methad I'.,doiln .... "", 
S"" Table 993.25 for mo:tbod pafOl_ data. 

Tlbl. 193.25 1I0lllod Perform.nci for D.""., •• tloft 01 

Sample 
No.-

1 
2 
3 

• 
5 

.... ., ... rlzod T",., •• lId .. I. ''1mb'' Olla 
,nd F.". Gol Pe, .... tIO. L ..... d 
Chromtto .... ph'cll.thod 

u.u, RSD. RSD", 
'II'. "r "8 'lI. 'lI. 

3.6 0.1 0.5 3.3 12.5 
5.2 0.1 0.3 2.3 6.7 
9.7 0.3 0.4 3.2 • .8 

10.0 U 12 2.2 12.2 
22.' 0.2 1.5 0.' U 

., .. nfMwnc •• ....aIlalwllt known polf •• rcoRIlft¢ 2 = ttyirtg 01_1111 law po" ... er eofttBnt; 3 4' ffyiag Di ... p ... rap pal.,." eo.at; , • IYJitt .iI 
with an ....... poly • ., com.ftt and .me,.tao fftOlution dll'icdil, ...... " 
nu)ftO'urs and po.,..riled .... pril:te$; and 5 "" elblUilted frying 01 Ure • ., 
..... d 

A. ,.tfIt~". 

OilODdfalsampla_cIissoI.edin~po~ 

lricJy<:orides ill sampIeo _1ICp8I1IIed on basis of moIccultr sire by 
~ liquid cIuumatopapby (GPI.C) ODd qwmtified by 
reliactive iada deuction. 

B. A".M"'" 

(a) Gl'LC .,. ...... -(11 SoIwIIl""""";r.-EqWpped willi IDO

biJo,.phasetinefiltcl'(pon:sire IIIJII}. (2j LC _.-l'IIIseIess. willi 
flow 0.7-15 mlJInin. (Jjlnj«liottport.-WIIh Iowdoad YOIumo, 

eqoiJllllOd willi 10 jIl. sample loop. 
(b) Syr;.,g.,.-SO-IOO pI.. c:ompatib\e. willi qcctw. 
(c) GPLCcoluuL-7.l1mmidx300mm.SIai_"pact:ed 

with opbericaI ~1bcn2eno micropoo ..... particles, 
ca 5 p.m perticIe ~. 100 pore sire (PL Od. ~. 
'll>IraaI:e, CA, or Polymor Laboraloriea, Ltd. S-. ShropsIIin!. 
UK. is SIlirab\e.). (Noll!: Store ",,\unm ia ",m-.) 

(d) ~or.-~i_detedorwilll millimum_itiv
it)' at fulkc:a1e, 1.10 x 10" rcfracti ... iodcunits; capablo: n( being 
maintained at a few degrees above ambienl tcmJlOl1lllll:e (if doIa:tor 
is not equiJllllOd with bea"'r. use recil<:ulatillg. COOStaDt-lIm1pelBlUre 
water bath). 

(e) Reconiu.-Suiblble to display ODd quantify peak areas;..,.. 
.poD'" time. 1.5 • (9O'i& response with 100'1> sigllll!); chart spced. 

0.1-10 mm/min; 1CIISitivi1y. I-lOll mV: aa:epu slpaI 0IIIpUl rr
detedor (d). 

(n Cabclator tIItdIor iIuqrdtDr. 
(c) IImutJl.bot_Jlmt.-250 mL. willi lIeaIio& ......... capobIe 

of mainIaiIIing fIaIIt COIlIeIlIIIII80 r. 
(b) Filten-lllJll pore si..,. medi"'" porosit)'. polytetnt-

fIooroeIbyIeoc ('ltIloo 1FE) ........... _filler t., .. " iol LC ... 
p" •• bl .. yri.Iibcr ................ ). 

C. • •• f1IIIIIo 

(a) Moh&".....-~~ ........ M!i"'l). 
(b) SIottlge wlutlon.-1'bIaeIIe. 
(e) Oilllalldcmt-Hcttct ISS ad. RIfiaed ...,...... oil iD f1oot, 

8(c). '" 180 2:' 11IItiI polymai2I!cIlrialJ<ioridc level is 10-1 S'Io, .. 
tntIyad in r. 

(d) So.t •• ..qiJtL-Allb,....,.... 

D. ",.""._/f ,,'tlI'LC $,_ 
TooooditioD GPLC .................... ...twat ....... fmm ... 

_. C(1o) (soMal B), to ........ i~ C(a) (...twat A). Pap 
10 mL portioas of solvealo .. I mUmia at follows: ..., 1. 15 ... A 
iIIB; S1ep2,SO'lI> AinB:...,3. 7S .. Ab>B;...,4.100'II0 A. c",,,'_ 
to pomp ........ ,..of ....... for 12 b to ...... 1iae cIIhmm. 
C_ column 10 injediaa ..me aaI ..... wid> ct 30 ad. 

lelrahydrofllnm. Coanod column 10 ~1IIIIpie cdL Pill ......... 
cnce <ell willi loIrIbydlofurlll. A<ljIIIIt flow 10 O.frl mI.Jmio ... 
wait for baseline stohIizBtioa (typically co 15 miD). 

(N0lir. Revwse ..., ........ of column ..... ..,.. ............ ) 

E. '''_ , .... /Illy 

AaoIyze oil ............ in 1'. au!i ....... "'*"*'" -.iii";" to 
achie\'e duomtIopIm willi ... wic m,l)caide ...... <P-k 3) 
more dJaa btIf dian widIh <-FIpm 0J!I3.25). 

Use ~ 10 cbectefr~ aaI , ..... it a ....... '" 
column.l'Ilrfotmaocc ......... beal _II ..,.t ......... ia FIpm 
993.25. 

Cok:IIIatIo IIIeoretical ................... aaI ............ It, II fbi-
10 ... , 

ft " 16 (dRlwf 

Rz(AIw) 

white dB:; ii b ... - ... c:1isIIIDce fn:a ... of din m" .. to ..
_._ for triglycaidos, in _ w '" widIh of lriJIycaideo ...... 

at b 'ine, ~ IM:Ilweea ...... 1Ild t 'ft ill na;ud 4 
=distalQ betwcea pcIII: lUl.imaoflriglyca .... peataallllligllbor 
peat n( poly_ized tricliccridea (pab 3 ODd 2. nospa:1iYeIy. ill 
Figure 993.25), ill ...... 

a..oo.e aaaIysis coaoIiIioos nc111bat II is 6000 aaI R is I. 

F. Dm,.,1II1I1Itt1l 

If sample is DOl.............., adod .. 1UIb .... bDpei_ .... 
sample IlJlIiI no """'" dJaa 10" _ ill meIIioc ~ ODd 
mix thorouglJIy. 
_tel)' weich 02 0.01 g .... ",..eeI sample iato CODical fIaIIt. 

Add IS ad. purified _yoImfunm. _ bas been mIIeaod aftor 

last pe.ak$ btvc eluled fnlm co ....... during a ~ ...... 
Swirl flask. ODd Ieove Ulltil fat i. compfell:ly cIissoI¥ed. Add co SO 
mg sodium sulfate. Cldl. to dissol....J sample. sboIre. aaI wait ca 2 
miD. Filteo' through I p.m pore sire filter, 8(10). When sample 

Copyright 1998 AOAC INTERNATIONAl 



I 
I 

3 

:2 

Retelltion dilltlnce (dR) 

Figure 993.25-Typlcal gel pemwalton liquid 00_ 
togram of 011 alandan:! (beaIad soyban 011) for calcula
tion of resolution and IheoraIIcaI place number. 1 and 
2, polymerlzacllrlglycerldea; 3, lrIglycerlecles; 4, free 

fatly aclda 

• """,in. suspended particle., avoid blockage of porous tnned filter 

at .olunm lop by f!lterlng sample ihmugh I p.m pore size filter. 
Tab 50-100 p.L prepared sample ""lulion, by syring., fill injec. 

tion loop, and inject sample onlo GPLC colunm. Elute sample with 
tetrahydrofuran at flow rate, 0.5-1 mUm;n (a' I mUmin, analysis 
takes ca 10 nUn). 

Q. R.8IJ/tl 

Chromatogram (see Figure 993.25) shows lWlin peak (monomeric 
triglycerides, MW ca 9(0) and I or more smaller peaks with shorter 
retention lime (polymen.ed triglyceride •• dime .. , and oligomers). 
For samples in which complex degradation phenomena (possibly 
bydrolysis) may have occurred. peak pattern preceding 1riglyceride 
peak may be Ieos well defmed. 

H. C.'cuklllt>n 

Use area normalization 10 calculate perceDlage of polymen.ed 
triglycerides. assuming that all sample component. are eluted. 

For ca,es with. valley between triglyceride. peak and hlgbest 
peak of polymerized triglycerides, and Iowestpomtofvalley is lower 
tban 75% height of highest peak of polymerized triglycerides, cal
en!"te polymerized triglycerides COtlIen~ PT (in % AlA) as follows 

PT = IApti!AJ x UXJ 

where A.,. = sum of ...... ofpolymerized trigly<:erides!>"lb: tA = sum of 
...... of all jl<.'.IIb. Report Prto I decimal pi-. 

For calculating A,.., 2 cases are possible: (1) Good resolution 
between peaks (R> 1). Calculate individual,nd total areas by general 
integration method. (manual and electmnic). (2) Poor resolution 
between peaks (R <1). Assume that all components eluting before 
(dR - ",12) are polymerized triglycerides. With manual tecbnique, 
deterntine triglyceride peak area by trisngulation. With electronic 
integration, adjust integrator carefully (backward horizontal integra
tion) to integrate an surfaces included between curve and baseline. 

For cases with no vaney between triglyceride peak and highest 
peak of polymen.nd triglycerides. or lowest point "halley i. higher 
than 75% of highes' peak of polymerized triglycerides, calculate 
polymerized triglycerides as follows: 

PT = (A~ lUI x 100 

where: A;" :: area above baseline measured from start until retention 

distance (dR - wIl). described in E; IA ; sum of areas of all peaks . 
Report result to I decimal place. INo,": As hydrolysis products 
increase in used hying oils, peak pattern. preceding triglycerides 
peak be<omes less clear or even disappears. In this case, determine 
polymerized triglyceride content by assuming that all components 
eluting before (dR - wl2) are polymerized triglyoerides.1 

References: Pare and Appl. Cb= 6:J, 1163(1991); IUPAC 
Standanl Methods for Analysis of Oils. Pats and 
Derivatives. 7th Ed .• Blackwen Seientific Public .... 
tions, 1987, Method 2.508; J. AOAC Int. 77. 
957(1994). 

Revised March 1997 

@ AOAC lNTRRNA TIONAL 
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.'.1.4' 

A. Prill"",,, 

AOAC Omolll, •• tlled '86.1' 
Trlglycerld •• III F ata 

Illd Olla 
a .. Chro,ulO.rapblc _.thod 

Firat Acllon n .. 
flnll Aotlon Ittl 

IUI'AC-AOAC •• tllIlIl 

~ Il""'P" bavios""" c 1JlIIDbor .... _-by
gas cIu~ of solution of oil or fat. UDder ~ 
g.an:lliltdmndjrims and."'illedby_tuelO-.l1rigIyaride 
solution. ~ bavios ....., C IJlIIDbor .... IlOl cIoecmiDed 
iDdivid\taIIy. a.- is cIoecmiDed by pIOIIk ..... 11IIio. 

B. App._ .od RNP"" 
(a) Gtu dI_gropit.-Wl1b faciIiIies tot 0II-I:01umn iajec

lion, 0YI:Il temp:I'IIbIn! programming liP 10 l5O", mI. pref'embly, 
eIoctnmic inlegl1llioD. AII-glass syIIem is pteferabIe. 

(1)) Column.-G1ass. ca O~.6 m 1oag. and 2-4 mm id, filled 
wi1h 3 .. (or less) methyl poIyoi1oxaDe on odd-washod siloni"'" 
support (OY-! is 1IIliIabIe). Carrier gas IIow SO mlJmin. He is 
_. kd III carrier gas but Nt may be used wi1h SOIIIOkm in 

resolution.. Condition. column prior 10 ..... at 3SO" tot ,,36 b willi 
carrier gaa IIow talC of"" 5 mlJmin. N_: Equivalent msulm may 
be ob.-J wi1h ..... of sbort (S6 m) cobmm. 

(0::) 7Wg".,._.-1'IIri1y 99'lIo. Pn:pore staadanI ""JuliOIl in 
CH,cI (or diisopIopy! eIhr:r) ClOIlIaining "" IO mcfmL each of 
lricaprirl.lri<aprylin. triIariD, 1rimyrislin.1ripaImiIin.1IIld Iris ___ 

C. O_III.U.. til rn,/yt:erldu C."""tioll 'H"'''' 
Wl1b 2 p.L ~ illject.,. ! p.L 1rigIycerides ........... 

IOIDtion willi injectinn aod.....,..,........,..,..... lOt .. .,. 37S" IIIld 
iniIiai o .... lCmpUa ....... "" 22lJ'. Im-,ja",1y CO'DIMD"" pro ....... 
miDg ....,., temp:I'IIbIn! 10 _ .. tale of "" ~5"1miD (but IlOI 
>5") and coolimleanaJyais WIIiIICmpU_e,""""", ca l5O". Main
miD Ibis IImIper&IIIreWllil aD UiglycerideshaveelulCd from cobmm. 

Asaametbat lrilaurin iscomplelely ,...,,,,,eed fromcolumn and 
ca1o::nls1C correction factor, Ii> for each nomaiDing Uiglyceiicle 
from 

wbon> A.. = peat ...... tot 1riIawiD; A.. = pIOIIk .... fur II1IIndani 
lri&1ya:riclei;CL=~(mcfmL)oflrilaurin;c..= ......... 
tration. (mcfmL) of ........... lriglya:ricle i. 

DetnmiDe/from l!2 injectioao of ........... solution. Plot papII of 
.-ago ""'- for I fur each1riglya:ricle apiDsr correspoodinl C 
Dumber. Com:ction. fac1Ilr>l.1 isUOlllllisflclory. Doaeaae SUIimIry 
phase ktadiIJg or _ c:.IIIri..- gas IIow nile 10 achieve acceptable 

C<lIIlOCIioa f_, 
Plot ..u- of M1mticD time tot each ........... triglyceride peat 

agaiDsI correspooding C lIumbei. Straigbt 1ine should be obeiined 
from which expected """nlioll times for _ triglycmicles can be 
cIeImniDed. 

D. P",.ntion IIf s •• ,,,, Slim/it", 

Warm sample as necessary 10 complelely liquefy. Homngenize 
liquid sample by gently sbsking <ootai_. Ptepare SO mglmL 

IOlutiouofsampleinCH,cI (otdiisopopyl eIhr:r). FotItUlDlp1e,. 
tnIIISfer ca 1.25 I liquid sample'" 2S mL padua"'" flask using 
pipet and dissolve sample (..,bile IIiIlIiqIIid) in 2-) mL sohat. 
Dilute willi same soIftDc. and _.If ....... is "-" '" COIIbIin 
SigniflClDllIIDOWIIS of __ or ditlJc6ic1cs 0< free fatty ""ids. 
remove tbese accotding to 98.35 (_41.1.61) Wore prClCeed
io, witll OIIIlIysi. as described for derermiaatino of UieJyauides 
""""",ion fact ..... 

E. D.,.,.III.titllI 
IdeDtiIy each peat by .. inI ...... ifintioD papb. DeIonniae peak 

...... of each JII'OIIP of lIiJbcaidell. CaJrvI-. "' ... II ~ peok __ 
by DSing C<lIIlOCIioa f_ cIoIamined eiIber by ca1ndotim or by 
iDlIIIpOlation from papII of cq-uo. fo<:bs_Ded fur IlIIDdonI 
1IiglyaIride8. DetnmiDe CJIIIIDIiIy fA each JII'OIIP of ~idea 
bavios ....... C lIIIIQber..... I~ ............... Idatiw to -' 
lri&1ycerides...-by formula; 

wbem Am = cor,eelild peak '"" of trigIy ... idos poup i;~ = tocaI 
<OIIetICd pest ...... of 1rigIy ... idos JIOIPO " •• - • 1 ia -pie Iotr 
=1:A".). 

DiIIi:reoce ~ msuItB of :2 ............... <IIricd out .... 
....., day by same -.JyIII DSing ....... ......- for _ .... 
ma1Ieria1aod fur 1rigIycerides ...->1.,., ....... __ I .. 
"","""Ie Fot triglyceridos ...- at ...... of <I.,.,. cliIfto ...... 
sbuuId 1I01........t o.s. .......... 'I'riglycerides...- at <5'110_ 
deIermined .... 1ICC1II8lIIIy. 

~ Pure AppI. Cbero.57. JSlS(l!lllS). 
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41.1.21 
AOAC Otficlailielhod 940.28 

Fatty Acids (Free) 
In Crude and Refined Oil. 

Tllra"o. __ thod 

Flnll Action 

(a) In crude oUs.-Weigh 7.05 g well-mixed oil lnlo 250 mL llask 
or 4 0% hollle. Add SO mL alcohol, _iously neutralized by adding 
2 mL phenolphthalein solution and enough O.IN NaOH to produce 
f.int pmnanentpink. TItrate with O.25NNaOlU36.16 (see A.! "12). 
with vigorous sbaking until permanent tilio! pink oppen'" and per
.ists ;'1 min. Report as % free fatty acids expressed as oleic acid; 
mL O.25NNaOH used in titration corresponds to this %. 

(b) I. nfin.d oils.-To CO SO mL alcohol in clean, dry ISO mL 
flask, add few drops of the oil and 2 mL phenolphthalein. Placellask 
in H.Oat 6O-<i5' until wann. and add enough O.lNNoOH to produce 
faint 1""",an''''1 pink. Weigh 56.4 g oil into the neutralized alcohol 
and tilrate with O.lNNaOH, 936.16 (see AppendiJ( A). occasionally 
warming and violently shaking mixture until same faint permanent 
pink appears in supema1e alcohol. Multiply mL O.INNaOH byO.OS 
and report as % free fatty acids expressed as oleic acid. 

Free fatty acids may also be expressed in terms of acid value (mg 
KOH necessaty to neutralize I g sample). Acid value = % free fatty 
acids (as oleic) X 1.99. 
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41.1.1' 
AOAC OfflclllM.thod '65.33 

Peroxide Vllue of Olle 
and Fa .. 

Tllrallon •• 1II0d 
Firat Action 1115 
Fin.' Action ttl' 

AOCs-AOAC •• lIIf11f 

(NOle: Coaduct analysis ill diffuse daylighl <If in artiliciol lighl 
sbieIded from direclligbt sowce.) 

A. H • ., •• ,. 

(a) ,tc.,ic acid.clrlorofo ...... ollllio ... -Mix 3 vol.m •• 
cu.COOH wilb 2 vo_CHCJ.. USP. 

(b) PollWJ_Iodidlt~.ralIUDh:tt-D_._K1in 

frosbly boiled H,O. Excess solid must rc:mam. Srnre in dark. Test 
daily by adding OS mL 10 30 mL cn.cooH-ClICl,. (a)l Ibeu add 
2 drops 1 ... stan:b sotulion. (mi~ ca 1 g ""tub" slllR:b with ....... gb 
cold U,o to ....... 1bio paste; add 100 mL boiling H,o.1Itd boil co 
1 miD wbiIe 1IIirriD8). If 10111"",,_ blue. requiring >1 drop UN 
Na,S,o, 10 disc:Iwge color. p<epare hsb soluIiml. 

(e) ~ thlosa/fale 3hJIriIJud w_-U.11Itd O.OIN. J'n>. 
pare and .taodardim .. in !I41l7 <_ A.1.I1). Por O.OIN. dilute 
O.IN with u.shIy boiled and cooled H,O. 

II. IH_III.,"'. 
(a) Fa .. _ olI.r.-Weigb 5.00 ;t O.OS I ......... iIIIo lSO mL 

glaswtoppenod 1!rIcumeycr. Add 30 mL cn,cooH-CIfCI,. (II)., 
IItd swirl to dissol .... Add OS mL .",,_, K1 soIulioB. (It), fmD 
Mobrpipd.1ot SIllIICI with oecasioaaI ..... J miJl,lItd add 30 mL 
H,o. S1 .... 1y tilJalewith O.INNa"S,o, with 'fi/:onIas IiIItio& IIIIIiI 
ye/Iow is aImoat .,.... Add eo OS mL I'*' stan:b solldioo. _ 

cmtiJlue titJaIion. aIJakiIIg viJomusly to .-... all I, - CHCI, 
layer.lIlItiI bluejust dj .. l'1"' ..... If<O.S mL o.lNNa"S,o, i.-. 
ropeat -...m.uo.. with o.oINNa;,S,o,. 

CondIc:t blank detormilIatioa daily (JIIIIIt be sal mL O.IN 
Na,S,o,). SItbtno:t from sample titnIioB. 

Paoxido value (miIIJoquivaIotI ~ sample) ~ S X N l( 
100011 sample, '"""'" S ~ mL Na"S,o, (lJIMIr:. ..... ......., lad N '= 
IIOI1IIIIIiIy Na,SA IOlIItioa. 

(10) M~-Mdl"""'" by boadaI wiIb --I SIiJrioc 
Oil bot plate II low --. <If .... ill air ...... II 60-'10". (Awid 

.....,..;.,. .... 1Itd IOJlIl """"*'" >40".) w-. .. ...,. ""Y ~ 
bold in WlIl'III p ..... IIIlIiIIl<j1llOllll JIIlfIioa IItd _ of IIOIids ..... 
settled..Deeaut ol1i111ocleotl hooIoerlltd fiklll:ouP W'baIJriom No. 
4. orequivaloat papoI". Do 1IIlI""""" ...... 'w y lOoIIIaiD eIoar 
fiItraIe. I'....-! IS ill (a). 

Ref .. wces: 1. Am. Oil CIIcm. Soc. 26,34S(I949), 
AOCS Mmlod 0111-53. JAOAC 41, 17S(J\lI6S). 

Rnised: M""," 19M 
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Spray plate with 10% molybdophosphoric acid. After evaporation 
of alcohol. heat plate in 121>-130" drying oven. Fraction I (nonpolar) 
should be free of polar subsrances (see Figure 911l.:.!7). 

References: Fette SeifenAnstrichm 80,106(1978). JAOAC 64, 
1329(1981); 115,375(1982). IDPAC 2.507. 7th ed. 
Pure AppL Chem. S4, 242(1982). 
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41.1.34 

A. ptlll"",,. 

AOAC Official Method 912.27 
Pol" COlli pOllellU 

.. frying fau 
Chre .. I" ... phlc Malbod 

Flral Acllon 1982 
Flul Acllon ItI4 

MeIbod ......... del&iuaatioo of used frying fall. and is opp ..... 
blo 10 all fall and oils. Polar COIIIpOIleII1s "'" Ihooe compoocDlS of 
fats del&min.:d by coIum chromaIDgrapby ......... condiJioas speci
fied. and include polar substam:es sacb .. IIIOlIOglyceridcs, 
diglyccricles. free faIty .. ids thai oc:mr in .... used fats. .. well .. 
polar traDIfaruoaIiua procIbcIs fi:mDed duriIIg liyiog of foocImIlfs 
aodIor dIIriog iJoaliD,. Noupolar oomJI"II"MS "'" mosdy IIlIIIIIaM 
trigly<:erides. FIyiDg fall ___ by columD cIuomatoppby 

00 silica &d iuIO uoopoIar and poIarcompooollts. I'oIa-COIIIpOIleII1s 
an: deI&minIOd ilI<tirectIy by sublneling c:oa<mdr8IiOII of aoapolar 
...,...,.- QuaIiIy of separation call be chocbd by tbiII layer 
.lImmotography. 

II. An._ 
(a) CoftuM.--GIus. 2.1 em id x 45 ..... wiIh ntlon sIOp<:OC:k 

and gmuud-..... joill!. 
(b) TLC plates.-Pra:oaIecI silica &d (withcul 0-"""""" in

-J. 20" 20 em, layer Ihic:tncss = 0.25 mm. 

C. R_1It 
(a) ~ &d /iO. pIII1icIe _ 0.063-0.200 mm (Ill-

230 ....... ASTM)._No.7734.oreqai¥alenl.lICijuaIlDlIP_ 
ofS'lf,. foIIcMo: Drysilica8l'i~lIiD pon:daiD _in 1611'_<001 
in h . ..lDroom......-.A4justIlP_IDS ... e.g ........ 
152 Il silica 8I'i ODd 8 g lIP ill SOIl mL ~ flost willi 
~ 1IOppa"0Dd _, .. oQy _III. 

(b) ElMtinlsolwutl ............. -Peuolmm ....... (bp~ 
(87 + 13>. 

(e) s.........t Aoolylical .... pado; puIifiodby .... lDIc:U:iDod. 
(d) $pnq __ -Mol)lbdopbospboric ac:id. 10'10 ill 8lcoboL 

D. ",..",titllI til 5 •• ". 
Warm. semi-liquid and solid samplosto 1IoRIpIII'abInOsJigInIy aIIeYe 

mp au:! mis IiIomuPiy; • ...xI ow:dJeaIiog. Rc:mo¥e ¥inDio impuri
ties by fiI1ratioo; if H,O is pwent. use hydrophobic fihI:r. 

E. """,.ftltftllI til em •• 
FiI1columa wiIh .. 30mL peUoleum ~(87 + 13). Place 

wad of OOI!OO wool in bottom of coIum and mDOYe air by prcssiag 
wiIh glass !D<L 

In 100 mL ..... heaIa:r. prepano sIntry of25 g silica &d and ... 80 
mL pollOI ............. ~ (87 + 13) and poor sIntry iuIO columD 
Ihroup 8 em glass I\maeL R.iDse beaker.1\mae~ au:! sides of eoluma 
willi same sol_t. Open SlDpCod:au:! drain sommt to 10 an abo ... 
silica eel level silica &d by tappiD, coIwIm. 

Add ca 4 II __ sand IhrouP fuueI into coIwIm. DnIiD SOlwllllD 

sand layer. 

F. CIt", •• fII,,,,,,lty 

To __ polar components by difrenmce. ooly noopolar 
fractica is used. However, if separation is coo\ro\led by TLC, both 
polar and oonpolar fiaction. are required. Separatioo _y also be 

cootm\ledby.IwXiogRlCO....-yof .......... lllltfo ... lIIIIp ... c ......... 
iog """""!!Ijol __ of polar IDIIIiI!rial. J«OiCij may be me:.... 
plele becaose maall __ of IIigJdy poIw IDIIIiI!rial. ii' oily 
1-2", are DOl .............. c:oodiIbK "I""'ffied 

AA:amIIeIy weigb 2.S ± 0.1 & (ID 0.001 g) ....... iDID SO mL 
volulmtticflask.aodcliloolwiDca20mLpeUoIeumoll ,etIJet(87 
+ 13) wbiIe WIInlliJIC slighdy. LeI cool 10 _ ........... _ 

em- to volnme wiIh __ solwot. UIliD& wm-ic pipet. ua.fer 
20 mL sample aJiquoI to collmm. wiJbooot dioIIu:IJia&--... 

Dry two 2SO mL d01llIfHxl_ Oasb in 1m ± r -. coellO 
room ""-_ ODd............, .... p 10 0.00111. Place .... fIooIc 
.........coiumJo, open ",K.d, and let....,...., ooIIJIioa drainm IJ:ofeI 
of saod layer. EMo oonpoIar c:ompouc;uII with ISO mL poIJUleIdm 
flIber.eIhor (ll7 + 13) UldIIaioecI io 2SO mL cImppiDa timDd. ~ 
fJow .... so thai ISO mL pIIOIi!I \InoqIl c:oJum wilIIio /iO-iO mio. 

Aftorelulioo, wasbany .d ... •• ......... ID_ ofcolumD iDID 
toIIIJII..boIIO!Iast with ..... oIeum ~ (87 + 13). 

III same maDDeI', elate poIII' • • ... !rCA Id. iIIID -=oDd 250 mL 
toIIIJII..boIIO !last wiIh ISO mL ........ DiocanI silica pi. 

Rc:mo¥e so ....... _...:II fracIioa wid! a ~......"... __ 
161' H,O bath or willi N. _ ill 2SO mL fIaoit .. _ bolla • 
A...xI roo- due to foamiog. If ~.If , ._ is-'1lbotIIy 
beforeeadof ~ iDlroduceN, ..... .,-. Cool_ ... ", 
aml>iosII. ......... _ and iDlroduce N, iDID fIut.. WeicII Oasb. 

G. C.It:.",_ 

Cak:Utlepolaru11'P",,'''I ... (a -gWyn! )byfocamla: 

Polar· ....... 1'11, ~ '" [(E - AVE) x 100 

_A", I oonpoIarfraclioa;E ......... iD 20 mLaIiqIoC ( ... 1 
g). Itepon teIlIillD 1 docimaI place. 

N. Cllut "' C_. CII,.,..,."."Ii,Dtk ... lIy TIiItt '''''' 
CII,.,.."",.IIy 

DiI1l1C po_ aod ""If 01. fracIioa (1 + 9) iD aICI,. AflIIY 2 pI.. 
spots IISiog capillaty di"P""""pipet. Dcvdop ...... wid! J.IId"".' 
.......-.at.coon (70 + 30 + 2) iD Jaak IiDed wid! - JIIlIICI' 
for ca 35 miD ( ... 17 <til). Rc:mo¥e p1a"'_ los __ ............ 

• • • 

121212 
FRACTION 

FigIn l12.Z7-EvaIuIIIIon _ ... III cy_ 
fractionation by TLC ...,1IIIon _ ............ ~ 

fraction; Fnlctlon 1 CCIIIIIIIIn. non-poIddr ....... _It&, 
FractIoII2 _JllJlns po_ COIItpl , ... .. 
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SAMPlING AND ANAl. YSJS Of COMMEROAl FATS AND OILS 

AOCS Official Method Ca SHO 

Free Fatty Acids 

DEFINmON 
This method dctenni_ !be fme Ildty acids existing in !be sample. 
SCOP£ 
Applicable 10 all crude and refined vegetable oils, marine oils and animal faIs. 

APPARATUS 
I. 011 sampJe boIIles--IIS or 230 mL (4 or 8 oz.), or 2SO

mL Erlenmeyer fIasb. 

ItEACENTS 
I. Edlyl alcohol. 95'II-USSD fommIas 30 and 3A am 

pen!liIJed (see Notes. n. The ak:ohoI IIIIISl giw> a deIi
nile. distiJlct and sharp end point willi phenolphthalein 
and mUSI be neutralized with alkali 10 a failll. bul 
~ pink color just before lJSin&. 

2. PlIelIOIIlIIIhaIein indicator soIutioD-lW, in 95W, akohoI. 
3. Sodium hydroxide solution accurately SWldardized. 

See AOCS Specificatioo H 12-52. See 18bIe I for !be 
appropriate lIOI1IIaIity of !be sodium hydroxide soIo
tion. depeIIding OIl !be exp:aed fme Ildty acid conc:en
tnIIioo ranse ill !be sample. 

Table 1 
me faIIy add ................................... 01 ..... 

FFA ..... ( .. ) SImple 00 AlcoIIoI (mL) SIJ"lIIfltohlbii 

0.00 10 0.2 S6.4 '" 0.2 SO 
0.210 1.0 211.2 '" 0.2 SO 
1.01030.0 1.05",0.05 15 

lO.lh. so.o 7.05 '" 0.05 100 
SO.oIO 100 1,s2S ",0.001 100 

"FFA. fn:e flay ocid; N.lOmIOIity. 

PIlOCEDUIf 

0.1 N 
0.1 N 

O.2SN 
o.2Sor I.oN 

I.ON 

I. Samples must be well mixed and IlIIIiIdy liquid before 
weighiJll; however. do oot Ileac !be sample _ !ball 
IO"C ow:r!be melling point. 

2. Use 1ldlIe I 10 determine !be sample weight for vmoos 
ranges of fatty acids. Weip!be desiptecl sample me 
inlO an oil sample bottle or Erlenmeyer flut (see 
Notes. 2). 

3. Add !be specified _AI of hot neutralized alcohol 
and 2 mL of indicalOr. 

4. Titrare with sIaIIdard sodium hydroxide, shaking vigor
ously ondl !be appeIIIBJICt: of !be tint pe ... EItIII. pint 
color of !be same intensity as that of !be oeutraliZied 
alcohol before !be additiOll of !be sample. The color 
must persist for 30 seconds. 

CALCUlATIONS 
I. The pereentage of fme fatty acids in most types 01 fats 

and oils is <:aIculated as oleic add. aItboogh in COCOIIut 

(a) Free Ildty acids as oleic. .... 
mL of aIbIi x N x 28.2 

1DIISS, g oI-.pIe 

(1)) Freefatty acids u Iamic. ... = 
mL of aIbIi x N x 20.0 

1DIISS" of-.ple 

(<:) Free fatty acids u palmitic:, ..... 
mL of aIbIi x N x 25.6 

_gof-.ple 

2. The fme Ildty acids are ~ ...... I in .... 
01 acid value insIad of pace .... fme 1iIIly.:ids. The 
acid value is defioed as !be IIWIIber of 1111.....- 01 
KOH...... IEJIY to oeotraIia I I of-..,. 1b_ 
percelltase free ratty acids (u oleic) to ac:icI value" 
multiply !be pen:enIage fme fatty acids by 1.99. 

PUOSION 
Pra:isioo data for Jefined, III: .-ted and deodoo ized ails .... 
sIlown in 18bIe 2. l'Iecisinn data for crude ails .... shIMa in 
1lIbIe 3. 

Table 2 
..... -., r, [ ........ ltu .... III.. 7 , _1oIIw ...... 
.... dhia?iuu 01 .... Am,..,. s-I-1IN..... i 1 
oIfwftfally .... ia ... ", ... 1 ........ I I ; ' ... 

~ 
FFA ....... ( .. ) o-aOS D.OS-al 0.1-1.0 7~2.D 

Sa 0.007 0.010 D.OI6 omJ 
RSD(CV ... ) 33.93 12.13 9.'lO 4.7S 
1t(9S1J,)=UxSa 11.02 0.03 0.73 0.20 

"Values oIJtained rn. the AOCS SmoIIcy Lobcw-i 1\ ... ......, 
"..,. 

TallIe 1 
..... -. .................. mI' : , ............ 
.... dhildlen 01....... jWlity. s-I-1IN r • : Tile 
oIfwftUlty .... in crude ... 
AJ>poximale 
FFA ....... ( .. ) 0.1-1.0 1.0-2.0 

Sa o.an 0.1S6 
RSD(CV."} IU1 9.l14 
It (9S") - 2.8>< Sa 0.22 0.44 

and palm kernel oils it is liequendy expressed as lauric: "Val .... obIained from the AOCS Smalley Laboo_yl'ltMcieoocy 
acid and in palm oil in IemlS of palmitic acid. Program. 
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SAMPLING AND ANALYstS Of COMMERCIAL fATS AND ons 
Ca 5a-40 • Free Fatty Acids 

NOTES 
I. Isopropanol, 99%, may be used as an alternate solvent 

with crude and relined vegetable oils. 
2. Cap bottle and shake vigorously for I min if oil has 

been blanketed with carbon dioxide gas. 

Page 2 of 2 

REFERENCES 
See J. Ass,,£'. Off, Anal. Chern. 59:658 (1976) regarding the 
ruggedness of Ihis method. 
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SAMPliNG AND ANAlYSIS Of COMMERCW. FATS AND OIlS 

............ 119!11 

Peroxide Value 
Acetic Acid-Isooctane Method 

DEfiNITION 
This method deIamiDes all subswK:es, in tams of miUiequivaIeDIs of penWde l* 1000 ... of 
sampJe. Ibat 0JIidize poIlISSium iodide under die c:onditioos of die test. The .d"'aI· II _ ...,...ny 
IISSIIIIIed 10 be pe:roxicb or oilier simi .. produeII of fat oDdldion.. 
SCOPE 
Applicable 10 all JK1I'IDaI faIs and oils. iDcludiB& marpriIIe. TIUs method is hi&bIY aapitic:al. -IDJ 
variation in die test procecIure may resuJt in erraIic RSUlIs. Because this mcdIod giw:s I!IJ1IIic I'CIOlIs 
at peroxide ~ ~70, this mcdIod sbouId !lOt be .... wilh !he ADM test. AOCS 0fticiaI H !hod 
Cd 12-57. wilh wbich peroxide ~ ~70 may be eaeounlelild. 

APPAIATUS 
I. PipeI-O.S mL. or oilier suitable YOIumecric apparatus 

capable of dispensing 0.5 mL of saturated poIlISSiWII 
iodide (Kl) solulioo. 

2. Edetlllleycr flasks-wilh &lass stoppess. 2SO mL. 

REAGENtS 
I. AaeIic aeid-i.sooebme soIution-3:2. YIY, Plepveci by 

mixing 3 volumes of reaaem-grade &laciaI acetic lICid 
(see Noles, CmItitm) wiIh 2 >OIumes of reaaent-grade 
iSOOClaae <see Noles, Cmotioot). 

2. Potassium iodide (KI) soIutiClll-UlUrlmld. prepamI 
fresh eadI day auIysis is petfoillled by dissolving an 
_ of KI iu receudy boiled diatilled water. Make 
cenaiD !he soIutiou remaitlS saturaIed duritlg use. as 
jJJdjqtM by die 1ftSeIIC" of oodissolved KI elYseals. 
se- in die dark when !lOt iu use. 1l:st die SIIUIaIed KI 
soIuIiou by adding 2 drops of -.:b soIutim 10 0.5 mL 
of die KI soIutiou in 30 mL of die acetic acid-iSOOClli", 
soIutiou If a blue color is formed Ibat n:quire8 IlIOn! 

Iban I drop of 0.1 N sodium tbiosulfate soIuIiou 10 
disduqe, discard die KI solution and pn!pIUe a fresh 
soIuIiou. 

3. Sodium tIIiooulfate ~OJ· SlIp) soIuIioa-O.1 N, 
accuraeely sWldardized vs. polUsium dichromate 
primIry SIIDdard as follows: 
(a) Sodium Ihiosulface soIuIiou 0.1 N, prepamI by 

dissoIviog 24.9 , of sodium driosuIfate in dislit .... 
water and dilutiog 10 I L 

(b) The poIaSSium di.m- (see Noles, c-ti0lt) 
primary SIandard sbouId be finely grouud, dried aI 
105"'C for 2 hi" and cooled in a desiccalor. Weigh 
0.16-0.22, of poIlISSium dicbionl8le inlO a soo. 
mL fIast or bottle by diffenuce from a weighing 
boIde. Dissolve in 2S mL of water, add S mL of 
coocentIaIed hydrocbloric lICid (35-37'*'). 20 mL 
of poIlISSimn iBdide solution (IS,*, soIutim. IS g 
KI in 100 mL water) aod _ 10 mix. Allow 10 
SIand for S min and !ben add 100 mL of distil .... 
water. TItrate wilh sodium tbiasulfale solution. 
shaking conliuuously until ye"_ color has almost 
disappeared. Add 1-2 mL of Sllll'Ch indicator and 

~ die IiInIIiaa, addiD& !he thic. If* IICII ... 
1i0D slowly U1ItiJ die blue color jim dil8JlPell"S. 
The "''''11h of !be aodium !hit""'" te IIOIuIioIt is 
~in_ofils~. 

Nonnalily ofN~ soIlIIioe-
20.394 x -., of K,CrA, 

mL of aodium IIIiIlI1IIIiIII 
4. Sodium dIiosuJfaIe soIiJIioD..-O.Ol N, _ .... , .

dardiu:d. TIUs solution may be prqaaI by a:cw., 
pipetdng 100 mL of 0.1 N aodium Ihios!IlfaIe ... a 
10000mL vollllDelric fIut aad -.teJy dilIHiJtc 10 
WlIume wiIh RJteIIIIy Iloiled cfisdUrd _. 

S. SIan:b i.l;' .IIM soIuIiIllI ' P lb' irily. 1* I cd 
byl\1UiJca.-wiIh Ilof"'(_~ I)-a 
S1Da118IIIOIIIII of cold diadIIc:d _ Add. ..... 1IiIriog. 
10 200 mL of boiling _ ... boil fbr a Jew _ ... h 

Immedi""ly _ ftom ...... caol s.Jic:yIic acid 
(1.2SWL)maybeaddedIOPleKlw:dIe .... •• If", 
SIonIF is oequil .... die ...... _ be ..... a odia--
enIOr at 4-1O"C. Poesh ........ _ be ..... cd MIca 
die ad point of die tintioa from IlIBe lID cob_ fails 
10 be sto.p. If SIImc:d __ oefI ....... dIe ran:b soIu
Iioa should be ..... fbrlboat l-3 weeb.. 

Tatfor~ S mLof-a Ill' 'OIl 
in 100 mL of _ and add 0.05 mL of tiaIIty ... 
pared 0.1 N KI soIadoa aad _ dmp of a SO ppm 
chlorine aoIuIioa a.Ie by dilutiD& I mL of a __ -
cia! S'*' sodium hypocIoloriIe (NaOCI) 1iIOIuIioa lID 1000 
mL The deep blue CGIor jiiOdootc:d __ be ~(Ic:d 
by 0.05 mL of 0.1 N sodium ~ 

6. Sodium lauryl sulfale (SDS~ 91l,*, (Aldrich 
Chemical (W. Milw he, WI, USA) or MaIIiDcbodI 
(Puis, ICY, USA)]. Pn:p.e 10'lI> ........ by IIiIIoIWl& 
10gSDSin 100mL_. 

PItOCEDUIIE fOIl FATS AND OIlS 
I. Weigh s.oo :t 0.05 g of sample illto a lSO-mL 

ErIeouaeyer fIast widt .... SbI\lPU" ... add SO mL of 
die 3:2 acetic acid is :MlCp_ solution. SwiI'IlO disaohe 
!be sample. Add 0.5 mL of saIlI.-I KI solution using 
a suitable volumetric pipet. 

""11"1012 



SAMPltNG AND ANAl YSI$ Of COMMERCIAL FATS ANO OILS 

Cd 8b-90 • Peroxide Value 

2. Allow the solution In stand for exactly 1 min, thoroughly 
shaking the sollllion at least three times during the 1 min. 
and then immediately add 30 mL of distilled water. 

3. ntrate with 0.1 N sodium thiosulfate, adding it gradu~ 
ally and with constant and vigorous agitation (see 
Notes, 2). Continue the titration until the yellow iodine 
color has almost disappeared. Add 0.5 mL of 10% SDS 
(Reageats. 6), and then add about 0.5 mL of starch indi
cator solution. Continue the titration with constant 
agitation, especially near the end point, to liberate all of 
the iodine from the solvent layer. Add the thiosulfate 
solution dropwise until the blue color just disappears 
(see Notes, 3 and 4). 

4. Conduct a blank determination of the reagents daily. 
The blank titration must not exceed 0.1 mL of the 0.1 N 
sodium thiosulfate solution. 

PROCEDURE FOR MARGARINE 
I. Melt the sample by heating with constant stiITing on a hot 

plate set at low heat, or by heating in an air oven at 
6(l... 7O"C. Avoid excess heating sod particularly prolonged 
ellJlOsure of the oil to temperatures above 4O"C. 

2. When completely melted. remove the sample from the 
hot plate or oven and allow to settle in a warm place 
until the aqueous portion and most of the milk solids 
have settled In the bottom. 

3. Decant the oil into a clean beaker and filter through a 
Wbatman no. 4 paper (or equivalent) into another clean 
beaker. Do not rebeat for filtration unless absolutely 
necessary. The sample must be clear and brilliant. 

4. Proceed as directed in Procedure for Fats and Oils, 
paragrapbs 1-4. 

CALCULATIONS 
I. Peroxide value (milliequivalents peroxide/IOOO g 

sample) = (5 _ B) X N X 1000 

mass of sample, g 
Wbere-

NOTES 
CaJ./Iion 

B = volume of titrant, mL of blank 
S = volume of tilrant, mL of sample 
N = normali!}' of sodium thiosulfate solution 

lsooctane is flammable and a fire risk. Explosive limits in 
air are l.l-i!.O%. It is tollic by ingestion and inhalation. A 
properly operating fume hood should be used when work
ing with this solvent. 

Acetic acid in the pure state is moderately toxic by 
ingestion and inhalation. It is a strong irritant to skin and 
tissue. The 1LV in air is 10 ppm. 

Potassium dichromate i. toxic by ingestion and inhala
tion. There is sufficient evidence in humans for the carcino-
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genicity of chromium [+6], in particular, lung cancer. It is a 
strong oxidizing agent and a dangerous fire risk when in 
contact with organic chemicals. 

NUMBERED NOTES 
L "Potato Starch for Iodometry" is recommended. 

because this starch produces a deep blue color in the 
presence of the iodonium ion. "Soluble Starch" is not 
recommended because a consistent deep blue color may 
nOl be developed when some soluble starcbes interact 
with the iodonium ion. The following are suitable 
starches; Soluble Starch for Iodometry, Fisher S516-
100; Soluble Potato Starch, Sigma 5-2630; Soluble 
Potato Starch for Iodometry, J. T. Baker 4006-04. 

2. There is a 15-30 sec delay in neutralizing the starch 
iodicator for peroxide values 70 rneqIkg and higher. This 
delay is due 10 the tendency of isooctane to float on the 
surface of an aqueous medium. and the time necessary 
to adequately mix the solvent in large volumes of aque
ous titrant. thereby Iibersting the last traces of iodine. 
Based on collaborative study results (References. I, 2), 
the recommendation is 10 use 0.1 N titrant for peroxide 
value ranges (10-150 rneqlkg). Erratic results reported 
for this method, especially at higher peroxide values, 
appear to be related to the isooctane floating on the 
surface of the aqueous layer (References, 3). Rapid 
mechanical stirring (e.g .• with magnetic stirrer) andlor 
use of a surfactant, such as sodium lauryl sulfate 
(Reagents, 6). is highly recommended. 

3. If the titration is less than 0.5 mL using 0.1 N sodium 
thiosulfate. repeat the determination using 0.01 N 
sodium thiosulfate, using vigorous agitation andlor 
surfactant for the reason stated in Notes, 2. 

4. The test should be carried oot in diffuse daylight or in 
artificial light shielded from a direct light source 
(References. 4). 

REFERENCES 
I. Brooks, D.O. and D.L. Berner, [$ooctane as an 

Alternative SolveN for Peroxide WUue DetermirwtiOll. 
Study l. poster presentation. AOCS National Meeting, 
Baltimore. MD, April 23. 1990. 

2. Collaborative study results published in INFORM 
1:884 (1990). 

3. Brooks. D.O .• S.K. Brophy, B. Hayden and G.R. Goss, 
Altemative Solvents for Peroxide Value Determination, 
poster presentation. AOCS National Meeting, 
Cincinnati, OH, May 10, 1989. 

4. J. Assoc. Off. AnaL Chem. 75:507 (1992). 
5. The International Standards Organization (ISO) 

successfully completed an international collaborative 
study of this method in 1996. The results were reported 
at the meeting of the ISO Commission on Oils and Fats 
in London in April 1996 in meeting document N576. 
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SAMPLING AND ANAl. 'VSIS OF COMMERCIAL fATS ANO OIlS 

AOCS 0ffidaI Method Cd 18-90 
~'!191 

p-Anisidine Value 

DEflNmON 
1be p-anisidine value is defined by conventiOll as 100 times the opIicaI deRsiIy measumf III 3SO am 
in a l-cm cuvette of a solution contAioing 1.00 g of the oil in 100 mL of a mixture of soI_ and 
reagmt according to the meIbod described. 
SCOPE 
This meIbod delmnilleS the IIJ110UIIt of aldehydes (principally 2·aJkenaIs and 2.4 .. dienals) in ..umaJ 
and n g 'aI;)Je fats and oils, by reaction in an acetic acid solution of the aldehydic COIIIF 01'" in an 
oil and the p-anisidine (see Notes, 1 ).and tbeo IMUllring the absorbIInce 81350 __ 

APPARATUS 
I, Thst 1llbes-10 mL min. willi either ground-glass st0p

pers 01' ThIlonD4ined screw caps. 
2, VoIumebic flasts-2S mL. 
3. Automatic pipet or auIonlatic buR:t1e. 

Note-ADy pipeUe andIOT burette capable of deliv· 
ering exactly I mL and 5 mL is satisfactory. 

4. SpectrophoIomeI suitable for observation 8I3S0 om. 
5, Glass cuvettes-l.00 ± 0.01 em. the two cuvettes of 

eaclt pair must be identical. 

REAGENTS 
I. lsooclalle (2.2.4-trimelhylpemane}-oplicaJly ~ (sec 

Notes. CmdioIt and 2). 
2. Glacial acetic acid-analytical reagent quality (see 

Notes. 3). 
3. p-Aoisidine-anaJytical reagent quality (see Notes. 

CaJujon and 4) 0.25 gllOO mL soIUlion in glacial acetic 
acid (Reagents. 2) (see Notes. S). 

PIOCfDURf 
N..-The samp1e should be perfectly clear and dty (see 
Notes. 3). 

I. Weigh 0.5-4.0 ± 0.001 g of the samp1e into a 2S-mL 
voIumcttic flask. DissoI,.., and dilute 10 voIwne with 
isoocIane. 

2. M_ tbe absoobanc.e (Ab) of tbe solution at 350 IIDI 
in a _ with the specbupbotol1lcter. using the refer.. 
ence cuvelll: filled with sol_ as a blank. 

3. Pipet exactly 5 mL of tbe fat soIUIion into one test tube 
(Appenitus. I) and COlI8CIIy 5 mL of the sol_ into a 
sccoud test lube. By _ns of an automalic pipet 
(Appa ...... 3) add exactly I mL of the p-anisidine JW&I'IIt 
(Pg , .... 3) .... ...,., tube. and sI* (see Notes. 6). 

4. After exactly 10 min _ the ailsoIbaIw:e (As) of 
the sul_ in the fust teSt tube in a cuvette (Appenitus. 
5) at 3SO nm. using the solution Iiom the second test 
tube as a blank in the lefCieilce cuveue. 

CAlCUlATIONS 
The p-anisidine value (p-A.V.) is gMm by tbe formula 

2SxO.2As-Ab) 
p-A.V. '" --'-----'

m 

Wbeie-
As .. absorbIInce of tbe fat suIutiOIIlIfta-"* ,ioa 

willi the p-anisidine II'lIfIC'IIt (Raga" 3) 
Ab .. absorbIInce of the fat solution 
m .. iIIUS of the test porIion,g 

PRECISION (see References. 2) 

No. of..... 20 
...... YIIUe 2.0 
Rep""hl>ilily. CV. 'lit 4.0 
R<poducibilily. CV. 'lit 3S 

NOTES 
CoInioII 

20 
2.0 
s .• 

37 

20 
2.3 
4.8 

30 

20 
2.3 
4.6 

31 

I_ne is flammable ud a fire risk. l!xpIoIshe limits ia 
air are 1.1-6.0'lIi. It is toxic by i 3 I._ '* ' ..... A 
properly operating fume hood "-lei be used wbr:n -to 
ing willi this solvent. 

Acetic acid io the pure ... '" is modeIlllely IIIJlic: by 
ingestioll and inhalation. It is a sIroIIJ iIritInI to slin _ 
tissue. The TI..V iii air is 10 ppm. 

p-Anisidine is an iniwIl ud should be ...... ~ wid! 
care. pefCiably iii a fume hood. p-anisjr!ine is _ ...... 
amine. a class of tnxic and possibly can:-inr • II:': cIJaIIi. 
caJs. o-ADisicJine is a .... ci ... n iii IIIIS ud mice,. ....... 
urililli}' carci_ or plpillclma. (Pourtb AmNaI RqKIIt 
on Carcinogens. NTP 85 .. 002, 19115. p •. 2; CIuna. Be!$.. 
To.ricbL 4:474(1991»). TheTI..V isO-I ppm. 

NUMJIBIH) NOTES 
I. 10 the p!esc:oce of ~ acid. p-MlisicJinc .-wid! 

aldebydic compou .. iii oils or fills. The u..sity or 
color of the yellowish reaclion products formed 
depends not ooly on lIIe amounl of aldehydic 
COII1pOIIIIds present but also un their -. II bu 
been found llIat a double bond in the carboa clauo 
conjugated with the cabonyl double bond ita I the 
molar absorbIInce four .... 1M:: times. Tbis _ !hat 2· 
alkenaIs and dienaJs, especially, will cuillibute IIIIbam
tiall)' \0 the value found. 
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SAMPlING AND ANALYSIS OF COMIviCROAL FATS AND OilS 

Cd 18-90 • p-Anisidine Value 

2. In most cases n-hexane can be substituted for isooctane 
as a solvent. However, oils containing high amounts of 
oxidized fatty acids will not dissolve completely in n
he~ane. For such oils isooctane should be used as the 
solvent The absorbance of the solvent used (isooctane 
or n-hexane), measured in a J.OO-cm cuvette between 
300 and 380 nm, must be nil or nearly nil. The 
commercial product can be freed from absorptive mate
rial by percOlating it through a glass column (3-5 em 
Ld .• and 100 cm long) filled with silica gel. 

3. The reaclion between p-anisidine and aldehydes 
involves the formation of water. Hence, the presence of 
moisture in any of the reagents or in the sample leads to 
incomplete reaction and, consequently, low values. 
Since glacial acetic acid is highly hygroscopic. it is 
essential to check its moisture contenl by a Karl Fischer 
determination. If the content exceeds 0.1 percent, the 
acetic acid must he discarded. 

4. In storage, p-anisidine tends to darken as a result of 
oxidation. The p-anisidine crystals, which should be 
cream colored, should be stored at ()...4°C in a clark 
bottle. The crystals should nOI be exposed to strong 
light and should be used before any color change is 
observed. A discolored reagent can be reduced and 
decolorized in the following way. Dissolve 4.0 g of p
anisidine in 100 mL of water al 75°C. Add 0.2 g of 
sodium sulphite and 2.0 g of active carbon and stir for 5 
min. Then filter through a dcuble filter paper. If carbon 
passes through, repeat filtration. Cool the filtered solu-

Page 2 012 

tion to about O°C, .lIow to stand al this temperature for 
at least 4 hr, or, preferably, overnight. Filter off the 
crystallized p-anisidine and wash with a small amount 
of water at • temperature of about O·C. After drying in 
a vacuum desiccator, transfer the crystals into a brown 
glass bottle. If stored in the dark and at low tempera
ture, the crystals obtained should not darken apprecia
bly for I yr. 

5. Reagent solutions having an absorbance greater than 
0.200 when measured in a l.OO-em cuvette at 350 nm 
against isooctane or n-hexane as a blank should be 
discarded. 

6. The mixture should be completely homogenized with 
minimum shaking and then allowed to react for 10 min 
before proceeding with the absorbance measurement 
(References, 4). 

REfERENCES 
I. IUPAC, Standard Methods jor the Analysis oj Oils. Fats 

and Derivatives, 7th ed., Method Number 2.504 
Determination of the p-anisidine value (p-A.V.), 
Blackwell Scientific Publications. Boston, MA and 
Oxford. UK (1987). 

2. FOSFA International Collaborative Study lIP I 5, May 
1986, Document No. 384, lsotrc 341SC I I, February 
12.1987. 

3. JAOeS 51:17 (1974). 
4. Hamilton, R.J .. and S. Hamilton. Lipid Analysis, 

Oxford University Press, New York, 1992, pp.45-47. 
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SAMl'UNG AND 1\NAl'/SlS Of COMMERCIAl. fATS ANOOIlS 

AOCS 0fIidaI Method Cd 12·57 

Fat Stability, Active Oxygen Method 

DEfINmON 
1bis meIbod IIieasun:!s !he lime (in bours) required for a 8IlIIpIe of tit or oil 10 IIbIin a pRd I miued 
peroxide value under !he specific coodilioas of !he __ TIle length of Ibis period of time is as. ji." 
10 be an index of JeSistanI:e 10 I'lIIICidity. TIle exact n:IalioDship ber .. _ peroxide VIhIe aDd such 
qualities. sbelf-life, actuall'llllCidity pd oxidative SIabiIity has not been fiJmIy ........... 
SCOPE 
Applicable to all normal fills pd oils of llllimal pd ¥epllIbIe origin ii_ideo! for ____ , ..... 
lion (see Notes, I). Not applicable to titty acids. 

TIle Oil Stability IDdcx (ool) meIbod, AOCS 0fticlaI Medlod Cd 12b-92, IMY be 1iSIOd ........... 
.ate method. Iii November. 1993. the AOCS Commen:iaJ Oils aild Pats AiIaIysis n.dmicaJ 
CommiUee lJIIIiIimousIy ,_!dell dial the AOM be declared iii obIIoIeIIl meIbod It is .etIIiiIecI 
for let.ell!:e JlUIpGSea only. 
CENERALI'REG\UT1ONS 
This plucedme is hi&bJy empiricaJ pd dose 8IlImIi0il to deWl is required if lepioducillle taaIls me 
expected. TIle pea_ soun:e of e&nlt results from !he WIOIl8 air flow from capillary tubes. The air 
flow should not be lISSUlIIC!d 10 be _ jUll because !he proper si%ell capilltu:y lObes _ uecI. The 
air pressuR! on the illlet side of the capilltu:y lObes affects !he air flow Oil the dischItp side. The air 
flow on !he discharge side of !he capillaty lObes should be checlced fu:queady 10 be __ it is II the 
n:quiJeoI flow of2.33 mL per lUbe per second. OIlIer Jihly _ of e&nlt _ i ........ _ cInnJjMg 

pd inefficient IeIllpCiatom COIIIrOI. All equipnaIt mUll be sc:rupuIouIy cleaD. Do not ... chJomic 
acid or OCher acid cleaning ageaIS. because it is difficult to remove !he finaltnces of them. B_ dis
tilled water is a poIeIItiai source of error if it COiIlsins _ of heavy meIaIs, panicuIIuty copper. The 
baIh or heaier mUll be caJibrabId by cbeckiag !he tempelalom of ail actual S1II1IpIe in -.:II -... 
lUbe opeIIing under !he specified _ coodilioas includiag -moo. After the beIler bas been showa 
to be satisfactoIy iii this mspect. !he actual tempeIatom during operatinIl_ be measunld by a Ihet
__ in a sample lUbe ooataiiIing !he recolIIJllendecllJOlllllity of oil. TIle 011 in Ibis lObe should be 
chaiIged often enough to rnv-gelation. 

APl'ARAlUS (see Rss. 1-3) 
I. ConsIIiIt IetIIpeI3IIIfe baIh or heaier (see Noles, 2)

whicb will mlilllain all samples aI a temperature of 
91.81: Ore. 

2. Air-dislribuuag mIIIIifokI COIIlIIruc:SeII of stainless steeJ. 
nickel. aJuroilllDD or..-. TIle c:apiJ1Iries mUll be c:aIi
bnllallo permit the same flow (:t IK) Ibrough each 
oadet when the tola\ flow is adjlllll:d 10 2.33 mL per 
lUbe per second. 

3. Air purificalioa Irain (see Pigum I)-
(a) Air inlel tube-from compressed air source 

equipped willi stainless -' needle valve. 
(b) Air-washin& column--consistiilg of hydrometer 

cylinder SO mm o.d .• 375 mm high. contaioing 
distilled water. 

(c) Air-washing column-eonsisting of hydrometer 
cylinder SO mm o.d., 37S mm high. c:notsioi", 2'i' 
potaSSium c1ic1uomaJe (K:tCrA) in 1'1> sulfuric 
acid (H;tSO.c>. Pin 10 a dcpIh of about 25 em pd 
replace soIutioiI ...... 12 hr of contiruous ClpCilllion. 

(d) Air-washing column--consiSliag of hydromeler 
cylinder SO mm o.d .• 315 mm high. containing 
distilled water. Fill to a depth of aboo! 25 em. 
Replace with fresh distilled water al the first 
appearance of a yellow color. 

(e) WawcooledcoM AIIiIIIl S bulb type. 300-
mmjadel. 

(f) Trap--wicJe mouIh SOO-mL lxI_ww ..• gIMs 
wool. 

(g,h)Pressure replaJiiIg colllllllli by.... I cylia
ders SO mm o.d •• 375 "81 hi .... containin, 
distilled water. Fill to • dI!pdl of 20 em. ft! II e 
tepIIlion IMY &lao be oIJIaiolOld .............. use of 
• suitable pili "re ........ ..... 

(i) ManifoJd-for air cIsaibIdoD, _ Pi(pft I. i. 
4. A IIOUJU: of Iow-pessunI. clean. oiJ-liee. CWipc:-..l 

Ilir_n individual air c:omprcuor of tile pistonless 
diapIInIpn IMY be used. Purified iiIdusIriaI cumpi I 
type air IMY also be used. 

5. 1bernQr_ • :c_.y c:aJiIJo-s ft. _ MIST ceni
fied MII __ • whic:h win illldicMe the 1eiiijIei_ 
to within:t O.l"C in !he raage of9S-llO"C. AS1M ... 
4O"C is SIIIisfacoory. 

6. A gas flow _--..eliliably of the c:aIiIJndI:d oonicaI 
lUbe type. 

7. 1est lUbes Pyrex ..... 25 x 200 I11III. For COGveaiealCe 

these tubes may be caJilnled ... etched II !he 2O-mL 
'-I. Each lUbe is provided willi a _hole iitClpicw 
stopper pd aeratioo lUbe IS shown in Figure 2. An all
glass assembly may also be used. 

""11"1014 



SAMPlING AND ANALYSIS Of COMMEROAl fATS AND OILS 

Cd 12-57 • Fat Stability, Active Oxygen MethDd 

Man.oid 

figure 1. ADM "5 rnlbly. 

Compressed 
airlniet 

Slainl_ stee 
needle vallie 

Distilled water _--.J'--_"--~ ___ --'-~~_.......J 

Pyrex'" IUbing. 
5mmi.d. 

Pyrex'" test tube --./ 200mm 
I 

20 mt marl< J 
H-2smm 

Figure 2. AOM sample tube assembly. 

Page 2 of 4 

8. Thbe-cleaning bath-consisting of a stainless liII:eI pan or 
sink, healed with steam coils (no coppe:r 1Ubing) or gas and 
of sufficient area to permit laying the required number of 
aeration and test rubes on the bottom. Disposable leSt tubes 
may also be used. For best accumcy and precision, the 
disposable test tubes should be cleaned before use. 

9. Test tube brush-fan tip, nylon. 
10. Tongs~stainless steel or nickel plated, suituble for 

handling tubes in bOl" detergent solution. 
II. Apparatus as described in AOCS Method Cd 8-53 for 

determining peroxide value. 

REAGENTS 
I. Petroleum ether-AOCS Specification H 2-41 (see 

Notes, Calltion). 
2. Acetone~ACS reagent grade (see Notes, Caution). 
3. Detergent for cleaning glassware wbicb will leave no 

contaminating residue. Alconox bas been tested aod is 
satisfactory, but equivalent detergents may also be used. 

4. Reagents as described in AOCS Method Cd 8-53 for 
peroxide value. Observe the caution statements cited in 
Notes of Method Cd 8-53 regarding the reagents used 
in the peroxide value determination (see Notes. 6) . 

• 
CLEANING SAMPLE AND AERATION TUBES 

I. When recycling test tubes. melt and drain off as mucb of 
the fat from previous determinations as possible. Wash off 
the remaining fat with a suitable solvent. Petroleum ether 
is satisfactory. if the cleaning i. done immediately after 
the preceding determination and the fat involved is of 100 
iodine value or less. Otherwise, acetone must be used. 
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SI\MPlINC AND ANAlYSIS Of ~ FAlS AND 01.5 I 
Cd 12·57 • Fat Stability, Active Oxygen Method 

"'--.2ips. , . : __ _ 

QIIIPIICI. 24 .... 01 UIIng (W)( 2') Iar_ 
'--.cI .. -. .... 'Itt'" 1'''' tube 
In ........ Ior_.....". _ 'Itt' x 1W tube 
In~_lardnlln.-' _ 
__ 1.·'*_10 __ 
~to_ 

Twa'Cf lour 11/t11' x 5"_ 
Ior_ _3" .• '!Io1hIIQI '. 

CIIIGd_.""" 
jadooI, .,... o.d.. 311' lang. 

.,... Sqoae mIIecI sial In _01 __ 

for_ ........ 

---boIIom. 1IJOW.11OV --jac:I<aI 

fi&un! 3. ADM.. ' , ...... bIod I I 'IJ;.'" I ... are _"He ... AOCS t [ f I lEis at .. pc ..... 
print.,.".,. c:hIIIp. 

2, Pn:opue a 1'1> soIuIioa of d gellt and hat almost to 
boiIiIIg in Ihe clc"';118 bIIh. Rinse eKb I\IIJI!; willi Ihe hol 
ddeajiiiil solution, bnIshing bridIy willi a nylon IInISh. 
ThaI place Ihe _ mba in Ihe holt' pill soIuIioa in 
sucII a IIIIIJIIIer that Ihe tubes 11M full and complefdy 
COYeR!d. and 50 IhIIlllD air bubbles _ !nipped wiIIIin, 
PI_ Ihe faHiI!e lalIIion tuIJes willi 5fOppeIs in Ihe hol 
"I pill bIIIb in SIII:b a _1haI1hcy _ Willjlletely 
~ and so IhIIlflO air bubbles an: !nipped willli .. 
Iklil l1li _ tubes IlllllalIIion mba willi 5IllpjleIs vip
ousIy for 30 min. BnIsh eKb _ lube 'Vigorously willi a 
lI)'Ioo bnJsh, rinsinllWice in Ihe hol ddeagesll soIuIioa, 
Rinse Ihorougbly willi lap _ followed by distilled 
water and place upright in a tes1 lUbe rack, Fill willi 
distilled walei' II1II soak at leas! I hr. Rinse Ihe atlation 
tubes 1horough)y in 1lIp .... followed by distilled water 
and place upright in a clean 2-L beaker of distilled water 
in SIII:b a _1haI1hc \ong SIraigh1Iube and !he Sklp
per ate 00¥eI!!d. Allow 10 soak for at leas! I hr. At !he end 
or Ihe soaking period. rinse bod! test lUbes and aemtion 

mba <lIICII1I!Pin willi f'reIII cIjsIjIIed water ..... de-. 
Ii_ ....... II1II dry in 1ft <MItI1t IGO-IOS"C, AmIII&e 
washintllIIII rinsinI sdIeduIes 10 1haI_ lubes ... _ 
lion mba lie dried It !he _ time. Asseillble. soon. 
dry and _ in a .... _ IucItiuoL 

SAMl'UNG 
I Due 10 -" .... "'- '~ ~. ...:. CICCI6ai _____ I 

• ..,-..--• ...a ..... t:I. IR uaa .. Cwo ....--. 

precauliOllS an: nea:tIIIIIY in 001 ! We ... lI ...... tina 
-.- When! pri ged fills 1ft invohed, Ihe ....... 
sOOukI c:onsisI of iii unopeaed P'" ' .. if pnssj!. Wbete 
!his is dl¥a:Iic:aI. _ipIes most be IWlOWld from ... 
WiIlaiI_ or pre-. ssil_ equipment with clean ....... 
devices of SIlIinIess Sled. aIumiJuD, nidd 01' pss only, 

2, Samples C1l solid rar should be .. at last S an from 
Ihe MIls C1l bu:&e containr:rs and 2.5 an from Ihe walls of 
small COIIIlIiners. If liquid oil is pouml from ..... DeS". 
the pourillS Spool or lip should first be thoroughly 
cleaned usillll a clean cloIh moiSteied willi acetone. 

3. After rerooval from packases or pnlC>':SSins equipment, 
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$AMPUNG AND ANAL V51S Of COMMERCIAl. FATS ANO OilS 

Cd 12-57 • Fat Stability, Active Oxygen Method 

samples should be transported or Slored only in glass 
containers cleaned as described in Cleaning Sample and 
Aeration Tubes. Under no circumstances should sam~le 
containers have plastic or enameled tops or covers WIth 
paper or waxed liners. . 

4. Samples should be protected from contact wilh heat and 
air as much as possible. 

PROCEDURE 
I. Unless already completely liquid. the sample should be 

melted al a temperature no higher than 10°C above Its 
mel ting point. Pour 20 mL inlo each of two or more 
sample tubes (see NOleS. 3). Pour carefully into the 
center of the tube so that none of the fat comes in contact 
with the top of the tube and subsequently the stopper. 

2. Insert the aeration tube assembly and adjust so that the 
end of the air delivery tube is 5 em (2 in.) below the 
surface of the sample. 

3. Place the tube and sample in a conllliner of vigorousl'y 
boiling water for a period of 5 min. At the end of this 
time remove the tube from the water. wipe dry and trans
fer i.:nmooialely 10 the constant temperature heater main
tained at 97.8 ± O.2"C. Connect the aeration tube to the 
capiUary on the manifol~ having previously .adju~ted the 
air flow rate and immediately record the startmg \line. 

4. The figure to be ",ported as the AOM stability value is 
the time (10 the nearest hour) required for the sample to 
attain a peroxide value of 100 milliequivaIents (meq) 
(see Notes. 4) and should be Ihe average of two 
samples. The ",suit sbould be delerm~~ as follows
(a) A short time before the end paIDt IS n:ac~ (see 

Notes. 5). detennine the peroXide value accordi~ to 
AOCS Official Method Cd 8-53 with the exception 
that the sample weighl is I g instead m: 5 g. If th~s 
detennination indicates that the peroXIde value IS 

between 75 and 175 meq. another peroxide value 
determination should be made immediately. using a 
5-g sample. If the peroxide value so obIlIined should 
be above 175 rneq. the sample must be discarded 
and another determination started (see Notes, 5). 

(b) If the pilot determination indicates a peroxide 
value below 75 rneq. estimale when a value of 75 
rneq will be n:ached and at that time make another 
detennination on a 5-g sample. 

(e) Make a second determination on a 5-g sample 
from the same tube exactly I hr after the firsl. 

(d) This should give two peroxide values between 75 
and 225 rneq. Use n:ctangular coordinate paper to 
plot these two values against their ",spective aera
tion times in bours. The AOM stability value is the 
time in hours at which a straight line connecting 
these two points crosses the 100 rneq coordinate. 
Repeat this procedure on the duplicate sample and 
repon the average of the results. 

NOTES 
Caution 
Petroleum ether and acetone are extremely flammable sol
vents. Avoid open flames and static electricity. The explo
sive limits in air for petroleum ether are 1-6%. A fume 
hood should be used al all times when using these solvents. 
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NUMBERED NOTES 
I. This method was designed for oils and fats normally 

consumed by humans. including those containing 
approved antioxidants within established !im!1s of 
concentration. The procedure up to the determUlatlon of 
the end point (Procedure, 4) may be suitable for evaluat
ing or comparing fats for animal feeds, inedible gn:ases. 
soapstocks and fals containing ne~ antioxida~ts. 
However there is insufficient data avadable regardmg 
the pero;ide value vs. lime curves for such materials to 
pennit establishment of a definite end point. . 

2. In view of existing baths and heaters available. the 
AOCS Committee does not feel justified in specifying 
anyone particular type. One that has ~n found to 
have certain distinct advantages is an a1ummum block. 
utilizing a thermostatically controlled electric heating 
unit described in JAOCS 33:628 (1956). The aluminum 
bl~k. which is pictured in this method (see Fig. 3). is 
not available commercially and must be hand-crafted. 
An a-unit oxidation bath. modified to conform to the 
ADM lest. but without air purification train and air 
pump. Model Number kl2200/Special. is available 
from: Koehler Instrument Company. Inc .• 1595 
Sycamore Ave .• Bohemia. NY 11716. USA. phone 
(516) 589·3800. fax (516) 589-3.815. An auto~at,,:d 
unit. using conductivity to determme the e?d pomt. IS 

a vai lab Ie under the Irade name Ranclmal from 
Brinkmann Instruments. Ioc. 

3. At least two samples must be run for each determina
tion. If the product is an ordinary material so that not 
more than Iwo I-g samples will be required to eatablish 
the 75-175 meq range. two tubes are sufficient. 
However. in the case of an unknown or unusual m~
ial. three tubes should be used, one to serve as a gUIde 
to establish the 75-175 rneq range and the other two for 
making duplicate determinations of the final end point 
It is usually advantageous to have the starting time for 
two or more tubes spaced I or 2 hrs apart. 

4. With some experience, the 8ppIWI of the end point can be 
jadged by the odor of the effluent air from the.sampIe tube; 

5. It is desirable to heal and aerate samples commuously U1IIiI 
the end point is reached. Where this is !lilt prac1ical. remove 
the tube from the heater. clull immediately and hold below 
IO"C until ready to start again. The regular procedure 
should be followed starting at paragraph 3 in Procedure. 

6. In 1990. the Uniform Methods Committee adopted as a 
Recommended Practice Method Cd 8b-90 for determin
ing peroxide value. using isooctane in place of chloro
form as specified in AOCS Official Method Cd 8-53. It 
has been reported that the isooetane method gives 
erratic results at peroxide values <:70. so Method Cd 8b-
90 should not be used in the AOM test in which perox
ide values <:70 may be encountered. 

PRECISION 
I. The coefficient of variation, that is. the standard devia

lion expn:ssed as a percent of the AOM v~ue. is 8J!?I?x
imately 13.4%. This signifies that a maximum vanatton 
between laboratories of ± 25 might be expected on a 
loo-hour sample. or ± 2.5 on a IO-hour sample. 

I 
I 
I 
I 
I 
I 
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INDUSTRIAl OILS AND OERIVATMS 

AOCS Official MethocIli 111-64 
IIopIaceo Ka 1).56' ___ '991 

Spectrophotometric Determination of 
Conjugated Dienoic Acid 

DEfiNITION 
'This medIod determines the dieoe <Xllljuplion of u_ared liDbges poaIIIIt. expn:ssiJIIlhis wille 
as a percentage of ~ dienoic acid. 
SCOf'E 
Applicable 10 dehydrated CI1$IOr oil. dehydrated CI1$IOr fany acids and their I1IeIIIyI or edlyl _ 

APPARATUS 
I. Ultra-violct specIrOphoIOmeler. covering a spectral 

I'III1JC of 220-356 DIll with wavelength scale n::adabIc 10 
0.1 -. equipped with absoIpIioo CUVClle COii .. ilnlClll 
for holding 1.000, 2.500 and 5.000 em cuvelles (see 
Noles, I). 

2. Absorption cuveues--quanz. maICbed pails of Icnglb 
1.000 ± 0.005 em. 2.500 ± .005 em and 5.000 ± 0.005 
cm. The CUVClles in a pair when filled with _ .... 
isoocIsnc must maICh within 0.01 absoIbeucy uoiL Use 
1.000 em non-demowIIabIe type COIISisIin& of 1')Iex1M 
JIass CUVClle body of 22 mm o.d. wid! <:IlIIIIInd JIOOIICI 
glass sIOJIIlCr". IIuaded meIaI capo. polished erysIlIIIine 
quam: windows and eork psIct\Is. 

3. P"i11C1 lube-32 in. by 13/. in •• wid! glass stopcock 
sealed III one end. 

4. Cort stopper-covcred with aluminum foil to fit 
loosely in the top of the filter tube. 

S. Dropping boItIe slOpJlt2ed. for weiJliinJ the samples. 
6. Volumetric: f1asJts..-a1ass sIoppered. baYing capacities 

of 100.56 and 2S mL 
7. Volumetric: pipeIs poecision pade, IISSIIrted sizes, for 

making dilations when required. 

REAGENTS 
I. Silica gcl-40-60 mesb. Code 11-08, Davison 

Cbemic:aJ Co .• Baltimore, MD, USA, or equivalenl. 
2. GJass wool. 
3. J_ (2,2,4 lrimetbyl pentane) PIne 01' Spelro 

grades of i_ are satisfaclory and should be used. 
Cbeck the absoIbency of a I em layer of the iSW("NIC' 

apinst distilled water at 233 nm. The absorbency 
compared wid! distilled _ set III zero absorbency 
shall DOl be _Ihaa 0.070 at 233 run. If the isooctaI.e 
does DOl meet these n=quuements, purify it as follows: 

Place about 31-'2 in. of sJass wool __ the lower 
end of the lilte! lObe. Add about 20 in. of silica gel and 
aboul2 in. of glass wool. Fasten the lObe -.aticalIy 10 a 
ring stand and place a funnel and 2-L amber boIIIc 
under the tube. Poor the isooctane s'-ly iDlil the lObe. 
filling about d!ree-fuuiIbs filii. and allow the i_ 
10 IiIIC1 Ihrougll the silica gel. Renew the silica gel in 
the tube as often as nec:essary 10 yield i_ c0n
forming 10 the transmission limit given above. A COlI-

_ flow ean be mail.lajpM by feeding the iIooeme 
from a SOO-mL p' B'qlpiIed .,. ... tiumeI. the 
lip of wbicb is ~ the -r-of the i_"'W in !he 
filter tube. The 2-L amber boaIe used for SIDriJt& !he 
purified isooclliilC' should be riaaed with a tilde of !he 
finIt eluate from the coIuillil,. ... the rinse sbouId be 
discarded. An aluminum-lined __ c:ap sbouId be 
used 10 cJose the bottIc fIII"-.. 

I'lOCEDUIE 
I. Wei&b bydiffaence inIO. lOO-mL!IIl" lMIic..,1O 

!be nearest 0.1 mg.. 90-130 rna of !he sample. AcId 
abouI7S mL of puiified isooctane 

2. ~ the flask and wmm the '* I., if. ,. 10 
<XIIIlplelely dissolve the sample. Cool 10 ftIOID ......... 
tore, and allow 10 stand • least 15 mia 10 8lWa teaper
ature equilibrium. Dilute to voha_ with purified 
~ and mix tboroughly. 

3. Make the nea:ssary diJutiools, ia ., _ m. Ii:IIfoId 
sreps. 10 give a finaJ CODCeIIIrIIioa of IIIout 0.01 a of 
the sample per L (_ NcCa. 2). 

4. Measure the absoIbeiK:Y of tbe ..... ic •• 233 __ Use 
a me! bing _ <XIIItaining jAMified __ ally filr 
the blank cu-. 1'IIke sevaaI II\'d' gs 10 obIain _ 
awnpvaJue. 

S. The ob8eI ved absoIbency readiaa sbouId tie bet.!! n 
0.2 and 0.8; otherwise c:IMInF tbe _gill of sample or 
the dilution 10 give !be n=quiled R*Iing. 

CALCUlATIONS 
Report 10 three significant figmes.. _ l'iecisioD • 
below. 

Conjugated Dienoic Acid, ... - 0.84 e -K,,) 

Wbem-
K" - IIbsorpdviIy by acid 01' _ groupr., 

- O.07fOl'_ 
.. 0.03 for acids 

A. - obsened absoIbency • 233 _ 
b = cuwttelcnglb in em 
c = c:oncentratiOtl of sample. gIL of !be final 

dilution used for the absorption iI1CISIIi"efDeI 



INDUSTRIAL OILS AND DERIVATIVes 
Ti 1a.64 • Spectrophotometric Determination of Conjugated Dienoic Acid 

PRECISION 
I. Repelllability results detennined by !he same operator 

and the same appamtus mould not differ from !he mean 
by more !ban ::to.39%. 

2. Reproducibility results in different laboratories by 
diffenmt operators should not differ from the mean by 
more !ban :t1.26%. 
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NOTES 
I. Suitable apparatus may be obtained from Beckman 

Division, Beckman Instruments, Inc., 2500 Fullerton 
Road, Fullerton, CA, USA. 

2. When making dilutions, allow sufficient time for solu
tions to reach room temperature. 

I 

~ 
I 
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SAMPlING AND ANAl. YSIS Of COMMERCIAl FATS AND OIlS 

AOCS Official MedlOd Cd 22-91 

Determination of Polymerized Triglycerides 
by Gel-Permeation HPLC 

DEFINI110N 
This method is for the detcrminatioo of poIymei iud triglyceride c:oroIaIt ill oils mil .... TIle ........ 
lion is based on the relalive reIImIion of solubilized polymer moIccuIes in _ of their moIec 1_ 
size by geI-pellllealion ebromatograpby. 
SCOPE 
This melhod is appIic:abIe 10 vegelllble mil animal fills and oils, healed or IlOl. h his boea IppIicd to 
the delerminalioo of polymers in animal feed fills mil used frying fills or oils. 

APPAltATUS 
Note-HI't.C equipment suibble for geI-penncaIion duo

II1IIIOgIlIphy is required, including the following: 
I. Solvenl Rlservoir-willl II mobile-phase line filter 

(poe siZAl I jlJII). 
2. HPLC JIIIII1P-IIUIseIess, willi. flow of 0.1-1.5 mLfmiII. 
3. I~ pen willi low dead volwne, appIic:abIe willi 

high pressure, provided willi a 2()"pL sample loop. 
4. Syringe-with a volume of 50-100 JAL, compatible 

willi injector. 
S. Staintess steel colurm>-lenglh 300 mm, 1.8-mm i.d. 
6. Stationary plJase--wnsiSling of a high-performance 

spherical gel made of polystyrene-divinylbenzeue 
miaopillOUS panicles willi s-...m panicle size and J ()..mn 
poe size (see Notes, I) 

No¥-The column must be lUlled in 101_ (sol
vent B)(R I J 4S.2). 

7. Ddiei Ie I ''''''k:live iIIdes deuc;tu willi miuimu:n sensi
IiYily at fidI-scaIe of at least 1.10 x 10-' .efi ..... iIIdes 
units, capoIlIe of beiIIg maintained at II leiilpetatlae a r
degRles aIKwe ambieiIt ~ If the deItclur is not 
provided willi built-iIIl-ms, a I1!CircuIaIing _ bath 
wi ... UJi __ 1:IjJtiiIIlR may be used. 

8. Recorder-sllitable 10 display. and 10 quantify willi 
acancy. the peat areas. Suggested specifaliClilS: 

-f"lIIP""'" time 1.5 sec (time 10 give a 'espoDSe 
of~ wiIh a sigul at 100'10) 

......paper at least 2Q.em wide 
-dIIIt speed 0.1-10 mmfmin 

5'ISilivity 1-100 mY. acfiustabIe 10 sigul out· 
pul from the nm.ctiw: indes deIector 

9. CakuIator andIoI- illtegralOi. 
10. ~fIasIt-2S0 mL, willi suiIIIIJIl, beatiIIg ..... 

CIpIbIe ofi-m, the UJillCiilS of the fIIsk 10 11IO::t 2"C. 
II. ThemIoo_'-IO ,ueaswe alanpetatlae of 11IO::t I "C. 
12. Ca1icIIIfIasIt-2S-SO-mLCIIpIcily.for ..... pqa .. L 

IIfACEN1S 
I. TeInIIIydrofunn (soI_ A)-anaIyticaI Je8SeIII grade 

<see Noles, Cmmon). 
2. Toluene (solveni B)-analytical reagenillrade (see 

Notes. CaIuion). 
3. Soybean oil-refined. 
4. Sodium SIIlfate_hydroos. 

PItOCEDURE 
I. StaniIIg up HPLC equiJ11DC81 

(a) II is advisable 10 :ad mil 10 follow aIRIfdy Ihe 
i1IIIIIUfaI:twes .tlCQj •• ,.,..Iat.... fa choosing Ihe 
opdmal wortiDg eonditions. tale ~ __ Ihe 
following VlliIbIres: 

-cIIoice of column for..,..1 kJ*ation 
-concenIIaIion of Ihe SIIii1pIe 

sensitivity of the .efiactive indes deIIeciDr 
___ leliipeiatwe oflhe rr41actiw: indes 

dele:. 
-pump speed 
-opdmal pump .... folliilJiite 
--$IDighI baseline 
-time of analysis 

(b) 1b condiIioIIai ... -Ihe ~ ........ 
analyses ale cmied out, Ihe IIIIIIIiIe P- _ be 
chlillled o1qiwise fmm Ihe ... sol-. __ 
(soIw:nt B), 10 Uliah)" .... ( __ A).. ......., 
lilixtwes of soIwd B willi Lw ... _ 't ~ .... 
_ A (e.g.. *II I. 2S'lIo A iii B; ... 2. sow. A iii B; 
*113. ~AinB;*II4.100'l0A)..1b."· • 
column, pump 501_ A for at least 12 hr. TIle 
mobile J!hae _ Il1o be ., • t ...,wise ... 
c:hIi!cinIl-' IDa-B _",oflhe,- P 1;4 

(c) Pump tetrah)'diofw. at a rare of I mLlmin to 
JIUIF the whole s)'IIIaD up 10 Ihe injection --. 

(d) Connect the column 10 die iajection vatve and 
wash il wid! about 30 mL ofsea .... 'diof ... . 

(e) Olni1oI:IIhe ..... IOIhe .... oeIIof ... ' .... 
(f) Fin the .efiaeaa;e ceIJ wiIh ~ ....... _ 
(g) Adjust Ihe ~ t10w to 0.5-1.0 mLImia. 
(h) Wail until die syStem beeomes stabilized (110 

JIIlIlIIfIdUIe de¥iatioa of Ihe t lie). 
2. ~JIIi.la of SIaiII!atd oiI-WrIh Ihe lid of • t 'Me 

.-Ie, beat • 2SO-mL ~ .. COl.· ... 
approkirnaIdy 1$5 mL of mfined 10)1 i oil 10 180 ::t 
2°C until the __ of pol~ tripyeerides is 
between 10 mil IS ... anaIyml and ca'rn'pt: 'as IiOIIId 
iIIl'IuI:edure, SII!p S. below. 

3. PJepliialloa of ....... If Ihe I11III* is not .... i' 1 .,. 
meIIed at ambiaII_.... . heat Ihe ...... 10 ..... 
peratwe of IlOl :note tI.a IO'C lIibow: Ihe ......... _e at 
whidI il is UJilijib!ly mehed. Mix die sample thomughIy. 
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SAMPliNG AND ANAlYSIS OF COMMERClAL FATS AND OILS 

Cd 22·91 • Polymerized Triglycerides by Gel-Permeation HPlC 

4, Determination of theoretical plates-Analyze the stan
dard oil (Procedure, 2) ac<ording !O step 5 in Procedure, 
in such • WIly that the peak of the triglycerides is more 
than half the chart width (refer !O Fig. I), Calculate the 
theoretical plate number with the formula: 

n: 16 {'!!Y 
Calculate the resolution with the formula: 

Where-

R=t1 
w 

n = theoretical plate number 
R = resolution 

dR '" retention distance from the start of the 
chromatogram to the peak maximum 
for triglycerides, in mm 

w = width of the triglycerides peak at the 
baseline, measured between points of 
intersection between tangents and base
line. in mm 

t1 = the distan<e between peak maxima of 
the triglycerides peak and the neighhor 
peak of the polymerized triglycerides 
(peaks numbered 3 and 2. respectively. 
in Fig, I). in mm 

Conditions for the analysis shall be chosen in such 
a way that the theoretical plate number In) for the 
triglycerides is at least 6000 and the resolution (R) as 
calculated ahove is at least I. 

S. AnaIysis-
(a) Accurately weigh 0,2 ;t 0.01 g prepared sample 

into a conical flask. Add IS mL tetrahydrofuran 
(see Notes, 2). swirl and leave until the fat is com
pletely dissolved. TIle samples must be free from 
water. Add ahout SO mg anhydrous sodium sul
fate, shake and wait 2 min. Pilter through medium
porosity filter paper. 

(h) Using the syringe. take 50-100 !1L of the sample 
solution. Pill the injection loop with 20 !1L of fil
tered (see Notes, 3) sample solntion, 

(e) Inject the sample onto the HPLC column and 
simultaneously switch on the integrator. or note 
injection point on chart recorder, 

(d) Elute the sample with a mobile-phase flow rate of 
0,5--1 mUmin. AI a flow rate of I mUmin. the 
analysis takes about 10 min, 

RESULTS 
I. TIle basic chromatographic pattern (e.g .• Pig. I) result

ing from this determination shows a main peak, repre
senting monomeric triglycerides (MW about 900). and 
one or several smaller peaks with a shorter retention 
time than the triglycerides peak. representioF polymer
ized triglycerides (dimers and oligomers). 

2. Three typical chromatograms are presented (Pig, 2). 
Under suitable conditions. triglyceride. and polymer
ized triglyoerides can be separated with good n;solution 
(Pig, 2. A and B), even at low levels of polymerized 
triglyoerides (Pig, 2. A). However. with those fats and 
oils in which complex degradation phenomena (possi-
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AetentIon distance (dR) 

Figure 1. Determination of resolution and theoretical plate 
number for standard oil (heated soybean oil). 1 and 2, poly
merized triglyoerides; 3, triglyt:erides; 4, free fatty acids. 

bly hydrolysis) may have occurred. the peak pattern 
preceding the triglyoeride peak is less well defined (Fig. 
2. C). with corresponding difficulties in calculation. 

3, Figure I is the chromatograph of the standard oil sam
ple (heated soybean oil. prepared as noted in 
Procedure. 2). used !O check the efficiency and the res
olution power of the column. which should be at least 
as good as shown in the reference chromatogram. 

CALCULATIONS 
I, TIle area normalization method is used to calcolate the 

percentage of polymerized triglyceride •• under the 
assumption that all components of the sample are eluted, 

2, In case there i. a valley between the triglycerides peak 
and the highest peak of the polymerized triglycerides. 
and the lowest point of that valley is lower than 75% of 
the height of that highest peak of tho; polymerized 
triglycerides, then the amount of polymerized triglyc
erides has !O be calculated using the formula: 

Where-

A 
PT=....IT x 100 

IA 

PT '" conlent of polymerized triglycerides. 
in % (NA) 

AI'!' = sum areas of the polymerized triglyc
erides peaks (these are the peaks with 
a shorter retention distance than the 
triglycerides peak) 

IA '" sum of areas of all peaks 
Give the result to one decimal place, 

I • 

C 
1 



SMiII'UN(;ANDAHAI.~~fAn ANDOIS I 
Cd 22-91 • Polymerized Triglycerides by Gel-A!nneation HPlC 

A B c 

... 

"..... 1. TypkaI ch:cu ....... I T. blJlltcelf '! I PT, poIp_iad blJlltcalde, .. ini' _ C .11 = ............ U ani. an ?i.n, 16; -. 1 .... 5 minIIid. 

3. III case there is DO valley between die trigJycerides 
peak and lite highest peak of lite poIYiI. ized triglyc
erides, or lite Jowest point of dIat valley is higher Ih1In 
7S'J> of lite heigln of dIat highest peak of lite polymer
ized trigJycerides. Ihen lite 8lIIOIIIII of lite polymerized 
triglycerides has 10 be caIcIIlaled using lite formula 
(see Noles. 4): 

Where-
PT = c:ontem of polymerized triglycerides, 

in 'J>(AJA) 

....,3014 



SAMPlING AND ANI\l VSlS OF COMMERCIAL FATS AND OILS 

Cd 22·91 • Polymerized Triglycerides by Gel-Permeation HPLC 

A PT = area above the baseline measured from 
the stan until Ihe retention distance 
(dR - w/2.) (see Procedure, 4) 

:tA = sum of areas of all peaks 
Give the result to one decimal place. 

4. For calculating AI'J' two cases are possible: 
(a) Good resolution between peaks (R > I) (Fig. 2, A 

and B). The general methods of integration (manu
al and electronic) can be used to calculale individ
ual and total areas. 

(b) Poor resolution between peaks (R < I) (Fig. 2, C). 
It is assumed Ihat all components before (dR -
wl2) are polymerized triglycerides (see Fig. I), 
where w is Ihe width of Ihe triglycerides peak al 
Ihe baseline. measured between points of intersec
lion between tangents and baseline, and dR is the 
retention distance from the start of the chro
matogram to peak maximum for triglycerides. 

With a manual technique. it is necessary to 
deIermine the triglyceride peak area by triangulation. 

With electronic integration, the integrator bas 
to be carefully adjusted (backward horizontal inte
gration) to integrate all Ihe surfaces included 
between !he curve and the baseline. 

PRECISION 
I. The statistical analysis of collaborative study results is 

shown in Table L 

NOTES 
Caution 
Tetrahydrofuran is flammable and a dangerous fire risk. 
Flammable limits in air are 2-11%. It is toxic by ingestion 
and inhalation. The n..V in air is 200 ppm. A fume hood 
should be used at all times when using tetrabydrofuran. 

Toluene is flammable and a dangerous fire risk. 
Explosive limits in air are 1.27-7%. It is toxic by ingestion, 
inhalation and skin absorption. The n..V is 100 ppm in air. A 
fume hood should be used at all times when using toluene. 

NUMBERED NOTES 
I. Suppliers: Phenomenex, Torrance, CA, USA, or 

Polymer Laboratories, Slretton, Shropshire, United 
Kingdom. 

2. To avoid possible interferences from tetrabydrofuran 
breakdown products, collect tetrabydrofuran at the end 
of a chromatographic run, after the tetrahydrofuran 
breakdown products have eluted from Ihe column, and 
use this tetrabydrofuran to dissolve the sample. 
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Table 1 
Statistical analysis of collaborative study results, 

Sample 11<). 2 3 4 

No.oflahs 11 17 17 17 
No. of assays 34 34 34 34 
No. of labs retained" 16 IS 16 16 
No. of assays 
retained" 32 30 32 32 
Average value, PT. % 9.1 1.8 5.2 9.7 
Repeatability 
standard 
deviation (S,) 0.3 0.1 0.1 0.2 
RSD~% 3.2 6.2 2.3 2.3 
Repeatability value. 
T(2.83 x S,) 0.9 0.3 0.3 0.6 
Reprodueibility 
standard 
deviation (S.) 0.4 0.4 0.3 1.8 
RSDR·% 4.6 23.7 6.71 8.6 
Reproducibility value, 
R (2.83 x 1.3 1.2 1.0 5.1 

"Outliers detected and eliminated by the Dixon and Cochran test 
methods. 

3. To avoid blockage of the porous fritted filter at the top 
of the column, when the sample contains suspended 
particles, filter the sample Ihrough i-11m pore size 
polytetrafluoroethylene (Teflon .... TFE) or cellulose 
esters filter (commercial LC disposable syringe filler 
units are suitable). 

4. With an increasing amount of products of hydrolysis in 
a feed fat or in used frying oils, !he peak pattern pre
ceding the triglycerides peak becomes less clear or 
even disappears. It is, however, important Ihat for these 
fats (especially feed fats) the amount of polymerized 
triglycerides can he determined. In Calculations, 3. it is 
assumed that all components eiuting before (dR - wl2) 
are polymerized triglycerides. 

REFERENCES 
I. Nederlandse Norm, Draft NEN 6348, November, 1986. 
2. PureAppl. Chern. 63:1163 (l99I). 
3. S_darrl Methods for the Analysis of Oils, Fats and 

Derivatives, International Union of Pure and Applied 
Chemistry. 7th edn .• Blackwell Scientific Publications, 
1987, IUPAC Melhod 2.508. 
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SAMPliNG AND ANAlYSIS Of COMMEROAl fATS AND OIlS 

AOCS Official Method Cc 13c1-SS 
...... _1991 

Chlorophyll Pigments 

DEfINmON 
This method is used to deIerrnine mgIkg (ppm) or chIoro(lIIyII-~~ piptems (predon_Illy pheo
phylin a) in oils fromspectn¥iOIOinellic abs<lqlIion _ -6lO, 670 and 710_ (see Noles. I). 
SCOPf 
Applicable to expelled, refined and bleached oils. This method is nor applicable to bydn"", ttd oils. 
deodorized oils and finished ptoducls, because in Ibese processed oils. die absorption maximum does 
nor occur at 610 11m (see Noles. 2 and 3). 

APPARATUS 
I. Spectropltotomeler-Beckman Model B (Beckman 

IllSInImenIs, FuIlettOD. CA. USA). wid! red phoIOrube 
and modified to provide for continuous sensitivity 
COIIrOI (See NOleS, 4. S and 6). 

2. eu __ so mm long. 20 rom wide and 40 mm deep. 
These cu_ must be maIChed and differ from each 
other by nOI more than 0.5'" lransmitt.nec when 
checked wilb distilled waler at 400 11m. Any suitablc 
matcbed cu_ wid! Sl).mm lism paIh may be used. 
Cuvettes ",ilb sboncr light palb. carefully malChcd. 
shoold be available for oils wilb absorbencies >0.8 at 
Ihc wavclcnglhs used. 

REAGfNlS 
I. Mclh:rlcnc chloride (~) or mclhylisobutylltClDOC 

{MIBKj-reagcnt grade (sec Notes. Cdll,hm). The 
rnmsmittancc should nor differ from Ihat of distilled 
_ by more I11III 0.5'" at 400 11m. 

ADJUSTMENT Of SftOIOPHOIOMOEIl 
I. Before using. Ihc spccb .... 'otlDlu I sUoId be checIred 

carefully following die iI1sIruc1ions iii- in die opcnot
ing manual obtained wilb the instrument. The Wlve
Iengdo scaiJIg or die ins1nomenl sUoId be checIred wilb 
die blue scnsmve phoIDtube in the ~ WillI die 
ins1nomenllUmCd 011 and wid! no_in die ~ iCIlii",_'" the masimum scasiIMIy oIainIbIc wiIh 
die insIrun.asUold __ ~ S40 lint. h 
is adYiaobIc to chcct die __ '" ...... Iy apinR 
a.....:n:ury vapor IIIIIIp using 519.1, .546.1. 435.8 and 
404.1 om IS chcct poinlS. Any IIIefCI1IY vapor lamp CIIl 
be focused ID pass IIotough the _un .... in ~ of die 
regular incandesi eod lamp nonnaIIy used. Transmissioa 
peals shooJd occur _die specified wame.1gIhs. 

f'ItOCfDlJIIE 
I. 1\om on die ...... b .... 'i>41-. I and all_ alleMl a suit

able warm-up period before adjusting or making 
~. 

2. f"Iace a Sl).mm CUVCIIC containing die CHzClz or MlBK 
in die CUvctIC comp;utmcnL Set the instruDiI!iIt to die 
desired wavelenglb. Wilb cuvelle apcnure closed. 
Mzero- the instrument and adjust die dark current to 
give a reading of zero. With the slit widIh adjIIsted to 
O. r Mm. open die cuvctIC iIJlCI'IUR and adjust Ihc instru
ment to r 00% rnmsminance. Repeal this process unlil 

the instrument is properly adjusIied to a zem leED" 
CIase die cuvctIC 8fICI1UIe. 

3. Adjust die !eft1X'IabiJe of the oil to 2S :I: 2"C. 11M: oil 
sample must be clear and free of moiIIbn. '- and 
perticullII! m8l!er. Fill • second SI).mm _ willi die 
oil SIII1pIc and place in the ~ _.... r of die 
spccbopootoo, leo, 

4. Open die iIJlCI'IUR and n e the .... pdaa of die oil 
sample. Close tbe cuvette IipCtlBrC and chan&e doc 
wavclcnglh scaiJIg ID the nat dcsiR:d _ ..... willi 
either ClfPz or MlBK in the light pMb. Adjut die 
illSlnli_1n give a zero reoodin8 willi the _1IpII:f
lOR! closed and 10011> bwwailbulCC wido die CIMlIIe 
apeoturc open. f"Iace the sample in the ....... IUId 
measure the abaorbaooc. Make all desired radiap 
following Ibis~. 

S. All iIbsorbImcc values sUoId ptd'aably r.n hctts 
0.3 and 0.8. Use die -n-n _ si:ae 10 po.: die 
desired values. On bleKloed oils. .... , .. 1M i ... or less 
I11III0.3 win be obaIillCd. 

CALCULATIONS 
I. For Bcc:b ... Model B-

mgIkg (ppm) C = -'.. - (Au, + A.,I~ 
O.o!I64xL 

Whc:re-

NOm 
CAMIitNt 

C .. chh:IItIphyll pi.
A = ah&o!bIIIlCC 
L = cuvctIC length, em 

Mclh:rlene c:hIoridc is _Ie and ...... h..... 11M: n..c is 
100 ppm in air. A fume hood sUoId be Bed al all limes 
when using meIIlylene chloride. 

NUMBEItEO NOTES 
I. A .. mcIhod. bued _ die ('NLjllett con.usiuG of 

chIoropbyO to phtqAIltin. is Cii.utd) UDder study by 
the NMR and the Seed and Meal Analysis IeCIInieaI 
commitIecs of the AOCS. 

2. This medood is nor diJecIIy IIppIicIllJle 10 PIIM II ad 
""-lid oils. .......... in suc:II oils part or all of the chJoro.. 
phyll-re/ated pigmentS may be convened to produclS 
Ihat do nor exhibit an absoebllloce maximum at 610 om. 



SAMPliNG AND ANALYSIS Of COMMERCIAl FATS AND QIl5 

Cc 13d·55 • Chlorophyll Pigments 

3. Several varililions of this method have been proposed; 
they include the foDowing: 
(a) Treatment with acetic acid (to convert any remain

ing chlorophyll to pheophytin). and determining 
the IOtal pheophytin content. to yield more acCU

rate results. (The pheophytin content is related to 
the original chlorophyll content) 

(b) Individually determine chlorophyll and pbeo
phytin by HPLC, using appropriate chlorophyll 
and pheophytin standards. 

(e) Delermine the actual absorbance maximum of the 
sample and substitute this value in the equlllion used 
in the calculalion for mgIIcg (ppm) chlorophyll. 

(d) Delermine the chlorophyll pigments spectrophoto
metrically as pbeopbytin a as follows (References. 
I and 2): 

C "" 345.3 x (~70 - 0.5 x A630 - 0.5 x ~IO> 

L 
Where-

e = concentration of pigments in mglkg (ppm) oil 
A = absorbance at respective wavelengths 
L = thickness of spectrophotometer cuvette 

4. While the method was written for use with the Beckman 
Model B spectrophowmeter. the Beckman DU. or Cary. 
any other spectrophotometer allowing measurements in 
the range of 630-710 nm may be used. following the 
manufacturer's instructions for balancing the instrument 
and making absorbance measurements. 
(a) Beckman DU-

A -(A +" ,n 
mglkg (ppm) C = 670 630 '''7IW-

0.1016 x L 

Page 2 012 

(b) Cary-

mglkg (ppm) C = A670 - (~+ ~10Y2 
0.1086xL 

5. The Coleman Jr. spectrophotometer can be used for 
determining chlorophyll pigments in amounts of 
approximately 0.1 mglkg (ppm). Measurements are 
made in a 25-mm cuvette VS. the solvent at 630 and 
670nm. 

A -A 
mglkg (ppm) C = 670 630 

0.0668 

6. Factors may be determined for spectrophotometer 
mndels currently available. using chlorophyll stan
dards. However, due to the instability of chlorophyll. if 
this approach is taken, the analyst is advised to check 
the composition of the chlorophyll standards by an 
appropriate method. e.g., HPLC. The true composition 
of the standards as so determined may then be used to 
calibrate the spectrophotometer. 

REFERENCES 
I. La Revista [taUana delle Sostanze Grasse 67:521 

(1990). 
2. IUPAC Commission on Oils and Fats. Working Report, 

International Union of Pure and Applied Chemistry, 
July 9. 1990. p. M-W. 

OTHER REFERENCES 
Fette, Selfen. Anstrichrn. 86 (8):304 (1984). 
J. Am. Oil Chern. Soc. 62 (1):113 (1985). 
Rev. Fr. Corps GrtlS 32 (6-7):257 (1985). 
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AOCS 0ffidaI Method Cc: 13b-45 
""",,"_ '991 

Color 
Wmon Method Usina Color Glasses Calibrated In Acc:onlance 

with the AOCS-TmIoIneter Color Scale 

DEfINITION 
This meIhod detumiues color by compmison willi glasaes oft-.. coIor~ 
SCOPE "I,.' ale to all normal fats aucI oils, pnMcIirIa JIO IDdlidily is.-- in lite -.oJe. fR.:" ........... 
lite British SIandanI Lovibolld color. AOCS 0IJiciaJ Method Cc 13e-92. may be .. ereiied onequbed. 

APPARATUS 
I. Colorimeter specitk:aI:ioos The insbWliejll consists of 

a liaht-proof box with a duD black iDtaior, illuminated 
by a 100-_ blue frosIIod electric IiJhlbolb. 

A block of lIIIIpI'Sil is pJaced in lite inslnmlClll II 
tbe proper angle 10 tdIec1 tbe liaht from tbe eIecIric 
bulb wnicaDy upwmd tbrougb tbe color lobe IIIId color 
glasaes. The block must be me from oil IIIId dirt IIIId 
positiooed to aM: equal iUumiDalioo! to both sides of 
tbe viewing fleJd. 

An eye piece fiDisbed with a duD bIadt iarior is &
ted ~ (0UIIide) tbe _ ....... top of tbe lobe holder 
so_lite JiahI JlIISIC!S Ibrougb lite color lobe IIIId color 
gIasseL Eye pieces with split fields 1ft _ pem!illed. 

The tobe bolder (I in. or 2.54 em i.d.) is filled 
with 1%'16 in. (30.2 mm) i.d. rings illite boItom. One 
ring is to tetain tbe color lobe COIIIaining tbe oil _ 
pie, aucllIte other is to permit an equal8IIIIlUIII of liaht 
to teaeh tbe color IIasses. 

2. Colorimeters-The followins coJorimeaen have beea 
found to be 8C(ejlllliole for use in IIIis method: 
(a) The WessoII coIoI~. ~ as sbowtI in 

Fipre I. 
(b) The S- coIoIimeter coofOin6 to tbe sped

p.ar-oas DOled in Appandus. I fortbe WessoII c0l
orimeter ud may be used in this method (_ 
RJeJ-.I). 

(c) The Lovibond nllllHI I model AF 710 (Noles. 
I) conforms 10 Ihe specifications noted in 
Appu1llUs. I and may be used in this method 
wilen operated acc:wdinl to the manufacturer's 
insll"1lClioBs. Any subsequenl in ... owed model(s). 
using tbe _ optical principles as tbe AF 710. 
may aho be ased in IIIis method. 

3. CoIorc:al!inel-The coIclrinIettIr is maa_wod in a booth 
or cahiueI. not less \baa 40 in. wide x 30 in. deep (102 
em wide x 76 em deep). 1be booth or eabiuet is caed 
so thai no external liaht can enter. The inside of tbe 
booth is painted a dull, 1iIiUIraIIfI' of MUIIIIdI vaJue 41. 

The booth 01" eabiuet is indirectly ill1lminated by 
__ of. bulb IIIId fixIUR IIMMiIIed 48 in. (122 em) 
abo¥e the colorimeter in suc:b a way tbaloo din:c:lliaht 
JaYS strike tbe colorimeter or lite eye of tbe obsener. 
The level of iJlumiDaIioo! of the booth (II tbe lOp of tbe 
box of lite colorimeter> sItooId be iIOI less than I nor 
more \baa 5 foot candles. 

4. Color glasses Glasses _ ......r .. m 10 tbe AOCS
nlllOlllCIei Color Scale. within 1OIei_ as follows: 

0.1111 0.9 ted, iDc:Iuoiooo 
1.0 to S.O ted, j", I . " 
6.0 to 10.0 ted, iucluaive 
Allow 10.0 .... 

o.os 
CUO 
G.2O 

301 ............... 

Glasses with valid calibralions to the N" 
Priest Gibson Scale OOIlbl8 10 die AOCS-Th* • 
CokJr Sc8Ie. 0.-.., .. ,,64 -' .... 1 by die 

. TinlDI. Company (USA) IIIId n.- . LId. (UIt 
and Eumpe).tocwfiHm toIlteAOCS-TiI ••• I CGIor 
Scale. Such glasses ue idetalified by die IeUa ...... 
CIlIfIWICI on lite glass with lite color YIIIIe. Red &Ja
of the lovibond Color Scale Series 200 do not CdliuidL 

Standlrd-type , ..... of die AOCS-1mb ncr 
Color Scale ue deposited wjlb 110_, lAd., 
Salishty. Pacl'" and die ~ ... CJf'D:lJiac, 
WashiollOil. D.C., USA. Ia the case of di..,.,res. 
_I J !dill for """'*ina gIasaes ~ be ..... willi 
tbe.. "'"' loB .. 01" die Nm-l ..... 01,..... 

The IIIiaDm --... ...... ___ oftbe foI-
Jowiua IIU1Ilben of ted and yellow &Ja-: 

RecJ$: 0.1.0.2, 0.3,0.4. 0.5, Cl6, 0.7, 0.1. 0.9, I.G. 
2.0.2..5, 3.0. 3.5. 4.0. S.o, 6.0. 7.0. 7.6, 8.0. 
9.0. 10.0. 11.0. 12.0. 16.0. 20.0 

Yellow: 1.0. 2-D. 3.0. S.o, 10.0. 20.0. 35.0. so.o. 70.0 
'"Glasses ..... 1.0 ted '-' not hne tbe _ ... 
shown, but sbould _tbe same ..... 

Nou ICeep tbe color gIasaes dcaa IIIId me from 
any oil film. Haadle carefully and plOfliid apiast 
.... atches. It is especially impoI .... thai every color 
glass used be cte.a. tbe ~ 01 __ 

S. CokJr llibes 
(a) DeaI ... i+·t....Co!nr tobeI sbould be ..... of ear. 

colorless glass willi ....... _ poIiIbed boI
tom and bave dimmlioas _ follows: ....... 154 
10m; overall inside diatneler, 19 10m; outaide 
diameter. 22 DIDI. 

(b) Martin,s-The color tubes should have IWO 
etcbed 1iW'ts: one 10 indicate u oil co~ of 
133.35 mm (5.25 in.), and IIIOtber to indicale aa 
oil column of 25.4 mm (I in.). 

PaS'" 1 of ... 



SAMPliNG AND ANAlYSIS OF COMMERCIAL FATS AND OILS 

CC 13b-45 • Color 

11]11 
'''i.d. 

figu",1. Color _t apparatus.. 

(c) Suppliers-In the USA, suppliers of these color 
tubes include Fisher Scientific and Wilkens
Anderson Co., Chicago, IL. 

6. Pilter paper-qualitative, medium porosity, 10 provide 
medium rate of filtration, 250 mm. 

PROCEDURE 
I. Crude, raw and refined oil samples must be treated with 

0.5 g of diatomaceous eartb (filter aid) per 300 g of oil. 
Add the diatomaceous earth 10 the oil and agitate for 
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2.5 min at 250 rpm al room temperature (or al no more 
Iban lODe above the melting poinl of the sample, if it is 
necessary to maintain Ibe sample in the liquid state), 
and filter tlte sample through an appropriate filter paper 
(Apparatus, 6). Oils Ihat have been bleached in the lab
oratory in accordance with AOCS Official Methods Cc 
8a-52, Cc 8b-52 or ee 8d·55 normally are sufficiently 
clear for the color determination. Suspended material, 
even if of colloidal size, will cause light scattering. If 
the sample is nol absolutely clear, treat with diatoma-

• 



ccous eanh (filter aid) as lIOIed.. and filter befuno: pro.. 
a:eding wiIh !he color de!eimiaali« .. 

2. Adjust the tempCialUre of !he sample 10 2S-3S"C. and 
lillthe color tube 10 !he desired mark. If !he sample is 
not COi'I1pJeleIy liquid at 2S-lS"C. heat to a tempe .... 
ture of not more dian IO"C above !he melting poiDt of 
the sample. 

3. PIu: the lUbe COIIIaining !he sample in !he coIuiUI __ 
and place along side of it such red Rl rellow glasses (see 
JllllllglapIIs. (-) irnmediaIeIy Iil/Iowing and Noles, 2) as 
IIIl oecessay 10 maIi:b !he c:oJor of the oil, observing the 
sample of the oil and the glasses ~ the eyoepiI:a:. 
ta) Crude and raw oil color-For crude oils of !he 

_ type, read the coJor using proper ratio of 
yellow 10 red listed below: 

Up 10 3.9 red use 6 rellow 10 I red 
4.010 4.9 red use 2S yellow 10 I red 
S.O 10 S.9 red use 30 yeUow 10 I red 
6.0106.9 red use 3S yellow 10 I red 
7.010 7.9= use 40 yellow 10 I red 
8.010 10.9 red use SO yeUow 10 I = 
11.010 14.9 red use 7OyeJIow 10 I red 
IS» 10 19.9= use 100 yellow 10 I red 
Above 20.0 red use ISO yellow 10 I red 

If !he above I1Itios fail 10 give a satisfactory 
matell. this fact should be noted and a second 
reading made using !he amount of yellow color 
required for a good match. RqKHt bodt tNdiItrs. 

(b) Raw inedible oils-For I8W inedible oils (sud! as 

..... . ..... --.................. --. ... , ,..:. ' .. ' .. '-". '-' ... .... lUY .. ..,. 1IlOY __ _<Jtr_ - I I I I i I I I - , I 
....... v .. ., ..... ." - ... -... .... .. """ 

,. - 'I'" 11IY ... .... I·" ....... 
- ! ;. ,;. IO ••• Y , Ie • 

I I~ • MtId. ....... ~. -- ..., cw- -- - ... 
I : , .. -~~ 

I I~ f 
UItiM~ASfM ---- l f : : ~ ~ : 

SAMl'UNG AND AHAI.~ Of COO ... - FAts AHOOI.S I 
Cc 13h-45 • Color 

tallows. greases, filly acids, etc.), usc !he ratios of 
yellow 10 red listed below: 

Up 10 3.5 red use 10 yellow 10 I red 
3.5 10 S.O red use 3S yellow 10 I red 
Above S.O red use 70 yellow 10 I red 

(c) Dart oils-If !he color of the oil or fat sample 
exceeds 40.0 red when using the ..... 133.JS.mm 
c:oIlIJIIII, fill ___ lUbe 10 the 2S.~ m.t and 
read tbe color under the same conditioDs as 
described for the longer col-. RIepan the ...... 
of the eoImm .-. bee it is .. I:alM M]I 
c:oJorresull iD Y/bidt the~ .... is_ ..... 
~ bas beren tI I milled OR a 1ll.JS.mm coIanIn. 

(d) Refined oils-For deraminllll n=fiMd oil color. 
use oaIy _ yellow &Ius; 3S yellow for Iefiaed 
coUuI ..... and refined pc.- oils, 70 yellow fCr 
refiDed soybean oil. Use __ than two ted 
glasses up 10 and iDduding 13.0 red, and _ m«e 
thaD lIRe red glassea above 13.0 red. 

(e) Refined od bleached oils-For refined Blld 
bl :bed oils, !he ratios of yellow 10 red 10 be uaed 
in delmniDing coJor 1ft as follows. aa:pt when: 
lI1IdiDg roles spedfy !he yelbr .... red 10 be 
used iD dassifyina pMiaIIIIr JI1IIIe:s: 

, 

.. 
'"f" 

, 

CotIOlISC:al, peanut and an oiJs-
Up 10 loS red..., 10 yellow 10 I red 
Above 3.5 red _ 3S yellow 10 I red 

CoCOImt and palm UmeI oils-
Up 10 3.9 red ..., 6 yellow 10 I red 

, , , , , , • , ., 

--- 1. - ,- .... 
"'l"' ...... ~ -r "'!ft .".. -.. ,;. ......... I • .:. -.;. --.;..;. 
t.o • Jt. • .... J", .. ", "' • - '- --- ..... _ a- L._ - ... - .. .. .. .. -.. ... .. , • IIA It If .. ~ ':'l': 
.~ : t : 'l' : : ! f 

: : '~ " Of OJ .. 'l ~ ',' ': 
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SAMPlING AN\) ANALYSIS Of COMMEROAl fATS AND OILS 

CC 13b-45 • Color 

Above 3.9 red use 10 yellow to I red 
Soybean 00-

Up to 3.5 red use 10 yellow to 1 red 
Above 3.5 red use 70 yellow to 1 red 

ThIlows. greases, fatty acids, etc.-
Up to 3.5 red use 10 yellow to 1 red 
3.5 to 5.0 red use 35 yellow to 1 red 
Above 5.0 red use 70 yellow to 1 red 

REPORTINC 
I. When any color result i. reported, it i. usually assumed 

that the coIullUl height of the oil on wbich the color of 
the sample i. determined is 133.35 mm (5.25 in.). 
Therefore, if the color of a sample is determined on a 
column of oil other than 133.35 rom (5.25 in.), the height 
of the coIunm must be reported with the color value. 
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NOTES 
I. The US supplier of the AOCS-nntometer apparatos is 

HF Scientific, Inc., Fl. Myers, FL, 33916-7597. 
2. Some oils are at times subject 10 abnormalities in the 

composition of their pigment COOlen!, leading to off 
colors (or "hues") in the oils. The hues that occur usu
ally cannot be matched, even approximately. using the 
fixed yellow or yellow-to-red ratios noted in this 
method. In such cases, if a standard combination is 
specified, report whether the oil is lighler or darker 
than the standard. If a standard combination i. not 
specified, report the red and yellow glasses whose 
color most closely resembles the color of the sample. 

REFERENCES 
I. Oil and Soap 13: 18 (1936). 
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SllMPlING lIND ANALYSIS Of C'OMMS!CW. FAlSlIND OIlS 

AOCS Recommended Practice Cc: 17-95 
fonMiyCc 17-1'!/. ~19!l1 

Soap in Oil 
litrimetric Method 

DEfiNITION 
TIte tilrimetric metbod deIatnirtes !be aJtatinity of!be sample as IIOCIium oIt:IQ. 
SCOPE 
Applicable only 10 refiDed .~ oils (_ Refelenc:es, I). 

APPARATUS 
1.1est~ ISOx40mmofborosilk:are 

glass fiIIiI!d wiIh ground glass .sIoppe:ts aDd fIaaened at 
lite base. 

2. MicIoIlun:t-S mL. 
3. Steunladl-bot __ bath may also be used. 

ItfAaNT5 
I.~.. ......ioing 2'lI> __ • ",epllled by adding 20 

mL dislilled _10 980 mL of R:8JI'IIl-sr* _ .. 
(see Notes, CmoIioft). 

2. HycIrocIdoric acid (H~ 0.01 N. aectt
ntldy slIllJliaIlIbed. See AOCS Specifk:ation H 14-S2. 

3. BlIHiiOflheooI blue ittdicalcl soIution-l.O'" in._. 
4. Sodium hydroxide (NaOH) 4:poxinlllely 0.01 N. 

PIOCfDURE 
I. lust prior 10 !be MWIysis. prepore !be tat solution by 

addiIIg 6.s mL of !be boOiltopbeaol blue ~ solo
tioa (Reagents. 3) to cacb 100 mL of tbe lIqueous 
-.. solution (lbpnls.1) aDd tiInoIiJI& wiIh 0.01 N 
Ha (Reqents. 2) ... 0.01 N NItOH (Reqents. 4) UDIiJ 
!be leSt solution is just,.,u- in color. 

2. WeiP 40 g (NOtes, I) of !be oil ... fat 10 be tated inIo. 
tat mbe (Apparatos. 1) wIridI luis been well rinsed 
widI!be tat solution (J'H>aUue, I). 

3. Aild I mL of _10 !be _ sample, _ 011 a_ 
bad! (01" in _ bath) aDd lIIIIIre vig..-ously. Add SO 
mL of !be _ solution (Procedwe. I), aDd alia' wann
in,c.lIIIIIre !be IIIbe well aDd IIIIow !be •• IeIllB 10 ..... 
... UDIiJ two disIinct Iayas 8ft: formed. N--.H soep 
i. present in tbe oil or fal, !be upper layer will be 
colored .-10 blue. 

4. Slowly add 0.01 N HCI (Rusents, 2) from tbe 
miaobwet UDIiJ !be color just "" I &om p1iCII/IlI1Ic 
10 yellow. 1tIIpeal!be w .. milc. shaking aDd additinn of 
0.01 N HCI UDIiJ !be ,.,u- c:oI ... of !be upper I.yer 
remains permancnL Rec:onl !be -' volume of IlCid 
oequiled as mL.,.. 

S. A blat ...... ecIioo abouJd be d 1 " d 011 IOIIp-ftee 
oil, using I'roalduIe. .. 1-4. Ra:onI!be wIume of 
acid required for !be bbnt ....... 

CALCUlATIONS 
I. ppm soap asllOClium.., .. 

(mL. - mt..>x N x 304,.400 

A8IpIe-.g 
Wbee--

NOTES 
CoIiIion 

mL. .. ¥OIwne, mL HCI obi . ·4 in ~ 4 
tnI." .. wlume. mL Ha ( .. mal in I'I:uc:edIn. S 
N -no:n.IilyofHa 

~ is bigItIy flammaIIIe. FoIms expIosiw> pa'OlUdes 
wiIh oxidiziJIB ..... u.e elfecliWl ~ device. 
Do not mix willi .............. ... 

HydrodIIoric: acid is ..... acid ... wiD __ 
burns. I'rotecIi¥e clodlilll sbouId be __ ... -... 
willi litis acid. It is IOXiI:: by ka · ... 1 ... ;,. ' .. _ ... a 
.... ~lOeyeslllld .... Tbe_of."' ... ., .... -
ins fume bood is 1Ca'I11P .... Kted Wbea diluting tile acid, 
alwly&add !be acid 10 !be _, _ .... _ 

HUMHIED NOTES 
I. TIte metbod as wna. is ....... for .... , 1 , •• -

of soep at C'MlChtllm- of .., .., 0.05'4 .. oiII ... 
fats. At bi&ber (!)O. C .'4ioaa it is ....,...., rnt,1Z8 .. g 
of ........ _O'OI NHCL 

REI EIIlNCES 
I. A study II1IDng __ indtistIiIoI Gj • Mk .. illdk .. , 

Ibat Ibis _tbod I, soritabre <MIl)' rot lefiaecl oil •• 
lIitko,rGbI (.ltlptMJ J9:10S6 (1990). 

2. 11115 method Is idelltical wilb CodeJ; AJilllCllWial 
method CACIRM 13-1969 ad Similar to Britisb 
StsodIiiid 64lI: 19S&. 

3. Wolff, I.P. OlitIPtrtt'l p. 197 (Apil. 1948). 

Pase I ,,0 
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SAMP\.lNG AND ANAl. VliIS OF COMMERCW. FATS AND OILS 

Calculated Iodine Value 

OERNfIION 
'Ibis medIod decennines die iodiDe value for edible oils diJecIly fulm &tty ICicI ••• 'lfiOIidoo. <_ 
Notes, 1 IIIId 2). 
SCOPE 
Applicable to lriglyl;erides IIIId free &tty ICids IIIId IbeIr bydIlIIV72td poducta (_ NoeeI, 3). 

APl'AlATUS 
1. Gas dill., "'8'.....-... JIIOI'ldt &Ity ICicI ",." •• iIion 

by IICCqlIed .,u ""'" ..... , • ....,.. e.g., AOCS 0IIiI:iaI 
MeIbod Ce 1-62, AOCS 0IIiI:iaI MedIod Ce 1c-89, eIc. 

PlOCIDUIE 
I. ~ as dilectd in die "'" '141 d m ..... medIod at 

eboice. 
2. D I mine die &Ity ICicI willposidoa of die oil «&Ity 

acidmimue. 

CAlCULATIONS (see Notes, 4) 
J. Tiiglycerides, iodiDe muc = ('ll hexlllJr:oomic: acid x 

0.950) + ('ll O"1"""cnoic ICicI x Q.1IIiO) ... ('ll 0dNJeca
dieaoie acid x 1.732) ... ('ll oc:tIdecatrieooie acid x 
2616) + ('ll eieoseooic: acid x Q.78S) ... ('ll ~ Hc 
acid x 0.723). 

2. fRe &tty acids, iodiDe value • ('ll hex.....,eaoie acid x 
0.9976) + ('ll oc:tadeceaoic acid x 0.8986) + C'll 
_"cadlea.,ie acid x 1.810) + ('ll OC'''''''':aI.ieaoie 
IlCid x 2.135) + ('ll eiwseaoic acid x 0.8115) + ('ll 
dOC0S4:lIIIie acid x 0.7497). 

NOlES 
1. WIIilo dIis pocatuoe porideI_ iodiDe .... it is _ 

iou:aded to be a rapid IDlIbod. ......... P- two 
msuIII fulm ODe M1IIysia. 

2. Ja 1994, die AOCS Uaiform Mediods Commiuee 
reviewed me factors used ia 1he calclllaaiooa IUId 
conduded 1bat DO d_.",. were lB. 'P) II ... time.. 

3. For oils wiIb an IIIIIIpODifiabI cc • IftIIMeI' 111m 
0.5'll (e.g., fish oils), 1he ca ........... 10 be low. 

4. 1be calcvlarioo ... 10 be low for ' ... witlliow 
iodiDe value. 

s. CaIre'_ IV baed OR OC faay Kid c ••••• ~;, .. of 
1lOIHrigIycaide tipid " iIIIs IIUCb ............ of 
glycerol, pertial_ of ... 1IitoIIMN~bide 
estaS, parIQd __ at potjOXlf"1'IyI IIIdIiIoIIsatti 
taIIaoautbide or ~ eIc. wiD JIIOI'ldt !beak" I I 
IV of Oldy 1he &tty acids ... to P ...... die pMiaI 
__ 1b oIJIIiD die .... IV of ..... __ wiIb_ 
fiIIIy acid polyGI ......... 1he ,..... I~ Wijllh 4 I 
IV medIod IbouIdbe used. IV "...of ..... __ 'ria 
1he Wija medIod ..., lower II-. tboae ' '7' r by OC 
becaDse of die diIuIion dI'ect of die polyGI W 

Page I oft 



SAMPliNG !\NO ANALYSIS OF COIo1MfRCW. FATS !\NO OILS 

AOCS Official MeIhocI Cd 1-25 

Iodine Value of Fats and Oils 
Wijs Method 

DEFINITION 
The iodine value is a measure of !he _ratiOll of lids and oils and is expoessed in lamS of !he 
number of centil!fllJ1lS of iodine absorbed per gram of sample ('ill iodine absoobed). 
SCOPE 
Applicable 10 all normal lids and oils Ihat do !lOt COIIIain conjugated double bonds (see Nola, I). 
Applicable 10 all normal fats and oils with samples havilla iodine wlues bet4lecll 0-1 S. 

APPARATUS 
I. Olass-stoppen!d iodine flasb-SOO mL 
2. Glass-stoppered volumetric flasks-IOOO mL. for 

plI'plI;ing SIlIIIdanI solutions. 
3. Pipel-25 mL. for acc:urately dispensing 25.0 mL of 

Wijs solution. 
4. VbIumeIric dispenllCJ' 20 mL. l-mL adjuslabilily. for 

10'lI. pobISSium iodide (KI) solution. 
S. Volumetric dispenser-2 mL. I-ml. adjustabilily. for 

SIardI solution. 
6. VoItunettic dispenser-SO mL. l-mL adjllSlabilily. for 

distilled _. 
7. Repeater pipet-with filling flask. 20 mL. for eyelo-

hexane. 
8. Analytical babtlo:e =lIi_ 10 ::dI.oool g. 
9. Magnelic stiner. 

10. Filler paper-WhaInwI no. 41H. orequivalent 
II. IIealas-SOmL 
12. Hotair-. 
13. Tuner. 

IIEAGENlS 
I. Wi;s soIutioo--see Notes. 2 and CmItion. 
2. PoIassium iodide (~grade. 
3. Carbon tetracbloride-reagent grade (see Notes. 

COlltion and Recommendations). The absence of 
oxidizable _ in lIIis n:agenl is w:rified by shaking 
10 mL of !he ..,...n with I mL of satunIIed aqueous 
poWSium dicblomate solution and 2 mL of _ 
InIIed sulfuric acid; DO peen c:oIoraIioo sboold appar. 

4. Soluble stan:b ~y PO!!plied. tested for 
sensitivity (see Notes. 3). Make • paste willi I g of 
Batural. soluble starch (see Notes. 4) and a small 
amount of cold distilled _. Add. while stirring. 10 
100 mL of boiling _. 

TUl for stmSiliwty Plate S mL of stardt solution 
in 100 mL of water and add O.OS mL of Inultl, 
,..-d 0.1 N KI soIutioIl and one drop of • SO ppm 
chlorine soIutiOll made by diluting I ml. of a commer
cial S'iII sodium hypocblorite (NaOCI) solution 10 1000 
mL The deep blue color produced must he discharged 
by O.OS mL of 0.1 N sodium thicJsulfate. 

S. Potassium dic:hromate-primary standard grade. The 
potassium dichromate is finely ground and dried to 
constant weighl at about II O"C before using. 

Not~-A standard sample of po4aIsium dichr0-
mate wilb a certificate of IMIysis may be obcaiaed 
from !he NatiooaJ B_ of S ........ ia WasiIingIOn. 
D.C .. USA. This sample. or equivalent. is strongly 
recommended for the primary standard for tbis 
medtod. TR:at as diR:Cfed in !he _air_ of IIIIaIyais 
accompanying the sample. 

6. Sodium Ihiosulfate (NIzSA· SHzO~'" 

SOlUTIONS 
I. Potassium iodi* (KI) soIution-lOO .... (l0'l. s0lu

tion). PO ....... by dissoIvilIa 100 I of Iapat grade KI 
in 1000 mLof deionized _. 

2. Starch indicator soIutim--pI!!pIilCd and IIeSIIIld as .-
in ~ 4. Salicylic acid (I.2S .... ) may he added 
10 po_ ve !he indicatol. If long SIOI'I&C is iVij1IiIed. the 
solution must be kept in a refripntor at 4-1O"C 
(40-!!O"F). FraIl indicator ..- he Po i ed ...... the 
end point of the tibatioo from IIIaIt 10 cukMrt fails II> 
he shaJp. If sIOftd ..... ,diiipalliou. the .-dI s0lu
tion should he SIabIe fur __ 2-3 ......as. 

3. Sodium (hiomlfate ~o, . SHzO) soIuIM n 0.1 N 
(see Nola, S). accurately _ldadia:d ¥$. ........ .... 

diclamli_ primary _tdIid as mn-s: 
<a) Sodium llliosulfate soIutiou 0.1 N. ~ by 

dissolvilla 24.9 I of sodium tIIioIuIr.e in dislilled 
__ and diluting 10 I L. 

(b) Wejlh 0.1 ~.22 g of finely pouIId and dried 
potassium dichromate into a SOO-mL fIast. or 
bottle by difference from a weighing bottle. 
DissoIYe in 2S ml. of WIlIer. add S mL of c ••• • I
!rated bydrochloric: acid, 20 ml. of potassium 
iodide soIutioIl and _ 10 mix. Allow 10 ItW 
for 5 min. and !ben add lOll ml. of dislilled _ 
Titrate willi sodium Ibiolulfate soIudoiJ. shaIdug 
c:ominuously until the yellow c:oIor bas .. _ 
disappeared. Add 1-2 mL of -.:It i-1M .... and 
conti_ the titration, adding the thiclIuIr. soIu
lion slowly until the blue c:oIor just disappears. 
The strengtb of !he sodium dIioIUIfute solution is 
""JftSSed in lamS of its normality. 

NormaIiIy of NazS,0l solution • 
20.394)( mass of KpA in fIIml. of sodium thicJsulfute 

4. Wijs soIuliort-see Notes, 2 and Ca.v.rion. 

Pall"1014 



SAMPLING AND ANAL YSl5 OF COMMERCIAl FATS AND OIlS 

Cd 1-25 • Iodine Value of Fats and Oils 

Table 1 
Sample weipIs. 

Mass of sample 

Iodine 100% lSO% Weighing 
value excess excess accuracy 

II g II 
<3 10 10 :I: OJlOl 

3 10.576 8.4613 0.005 
5 6.346 5.0710 0.0005 

to 3.1730 2.5384 0.0002 
20 1.5865 1.2720 0.0002 
40 .7935 .6346 0.0002 
60 .5288 .4231 0.0002 
80 .3966 .3173 0.0001 

100 .3173 .2538 0.0001 
120 .2644 . 2115 0.0001 
140 .2266 .1813 0.0001 
160 .1983 .1587 0.0001 
180 .1762 .1410 0.0001 
200 .1586 .1269 0.0001 

PROCEDURE 
I. Melt the sample, if it is not already liquid (the tempera

ture during melting should not exceed the melting point 
of the sample by more than lO"C), and tiller through 
two pieces of filter paper 10 remove any solid impurities 
and the last traces of moistuTe. The filtration may he 
performed in an air oven at 80-85°C, but should he 
completed within 5 min :I: 30 sec. The sample must he 
absolutely dry. 

Note--AII glassware must he absolutely clean and 
completely dry. 

2. After filtration, allow the filtered sample to achieve a 
temperalure of 68-71 :I: 1°C before weighing tbe 
sample. 

3. Once the sample bas achieved a temperature of 68-11 :I: 
I·C, immediately weigh Ihe sample into a 500-mL 
iodine flask, using the weights and weighing accuracy 
noted in Table I (see Notes, 6). 

4. Add 15 mL of carbon letrachloride on top of the sample 
and swirl 10 ensure thaI the sample is completely 
dissolved. 

5. Dispense 25 mL of Wijs solution using tbe pipet 
(Apparatus, 3)inlO flask containing the sample, stopper 
the flask and swirl to ensure an intimate mixture. 
Immediately set the limer for 30 min. 

6. Immediately slore the flasks in the dark for the required 
reaction time at a temperalOre of 25 ± S·C. 

7. Remove the flasks from storage and add 20 mL of KI 
solution, followed by 100 mL of distilled water (see 
Noles, 8 and 9). 

8. ntrate with 0.1 N N"2S20J solution, adding it gradu· 
ally and with constant and vigorous shaking (see Noles, 
10). Continue Ihe titration until the yellow color has 
aimosl disappeared. Add 1-2 mL of starch indicalor 
solution and continue the titration until the blue COIOf 

jusl disappears. 
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9. Prepare and conduct at least one blank determination 
with eacb group of samples simultaneously and similar 
in all respects 10 the samples. 

CALCULATIONS 
I. The iodine value '" 

(B - S) x Nx 12.69 
mass, g of sample 

When:-

NOTES 
C(lJJtion 

B '" volume of titrant, mL of blank 
S = volume of titrant, mL of sample 
N = normality ofN"2SP3 solution 

Wijs solution causes severe bums, and the vapors can clIuse 
lung and eye damage. Use of a fume bond is recommended . 
Wijs solution without carbon tetrachloride is available c0m

mercially. 
Carbon letrachloride is a known carcinogen. II is toxic 

by ingestion, inhalalion and skin absorption. It is a narcotic . 
It should not be used 10 extinguish fires. It decomposes 10 
phosgene gas al high temperature. The TL V is 5 ppm in air. 
A fume bood should be used at all times when using carbon 
tetracbloride. 

Hydrochloric acid is a strong acid and will cause severe 
bums. Protective clolhing should be worn when working 
with this acid. It is loxic by ingestion and inhalation and is a 
strong irritanllO eyes and skin. The use of a properly operat
ing fume bond is recommended. When diluling the acid, 
always add the acid 10 the water, never the revene. 

Chlorine is a puisonous gas. Tbe TL V is I ppm in air. 
It is a strong oxidizing agent and should nOi be allowed 10 
come in conlact with organic materials, bydrogen, pow
dered metals and reducing agents. A fume hond sbould he 
used al all times wben using chlorine. 

Sulfuric acid is a stmng acid and will cause seven: burns. 
Protective clothing should be worn when wmking with this 
acid. II is an oxidizing agent and should not be stored in the 
vicinity of organic materials. Use great caution in mixing with 
water due 10 heat evolution that can cause explosive spaller
ing. Always add the acid to water, never the reverse. 

Acetic acid in the pure slate is moderately IOxic by 
ingestion and inhalalion. II is a strong irritant to skin and 
lissue. The TL V in airis In ppm. 

Potassium dichromate is toxic by ingeslion and inhala
tion. There is sufficient evidence in humans for the carcino
genicity of chromium [+6], in particular lung cancer. It is a 
strong oxidizing agent and a dangerous fire risk in contact 
with organic chemicals. 

RECOMMENDATIONS 
The most satisfactory replacement found 10 date for carbon 
tetrachloride has been cyclohexane + acetic acid, I: I, v/v 
(see AOCS Recommended Practice Cd I b-87). Because of 
environmental concerns, 1,I,2-tricbloro-I,2,2-trifluo
methane (Freon 113) is not recommended. Acelic acid 
alone and a mixture of cyelohex.ne + acetic acid (4: I, vlvJ, 
respectively, have heen shown to be unsatisfactory replace· 
ments for carbon tetrachloride. 



NUMIIOED NOTES 
I. When tbe iodine value is determined on materials 

having COIQugatecI syssems. !be JeSUIt is not • __ 
of total UDSatwWon, but ratber is an empirical value 
indica live of tbe amount of unsaluradon p .... sent. 
Reproducible .... sults ...... obtained which afford a 
comparison of lOtaI uRS8IUration. When !be iodine 
value is required on fany acids. !be preparation and 
sepanUion are performed as ~ in AOCS 0fIIciaI 
MeIbod Cd 6-38. 

2. Because !be Pepiliatioll of !be Wijs solution is time
COIISUI1Iing and illYOhes !be use of boIh bauiidous and 
toxic chemicals, !his soIutioo may be pun:hased from a 
chemical supplier. Soludons ...... available which 
colllllin no cmbon telnICbIoride, and sucb solutions 
should be used. All Wijs solutions ..... sensitive to 
tempetatu"" moi~ and light. Stote in a cool and 
dart. place, and __ alJow to come to a II!mpI!IlItlIre 
above 25-3O"C. The laboratory preparation of Wijs 
soIutiou is IIOIied for ref"'ente JlUIPOIIeS: 

~ 
(a) Glacial acetic acid--reagent grade (see Nutes. 

Caution). The permanganate test should be 
applied to ensure !bat !his spec:iIicaIion is meL 

Permanganale test-Dilute 2 mL of !be acid 
witb 10 mL of distilled water and add 0.1 mL of 
0.1 N KMnO •• The pink color must not be entirely . 
cIiscIIaIpIcI witbin 2 hr. 

AhemaIe __ The ab$encc of 0lIidizabIe_ 
in !be noagc:nt may be vaified by sIJakiug 10 mL of 
!be noagc:nt witb I mL of IIIIIInIIM .,,_ pocas
sium dicbronllle soIutioo and 2 mL of WiiId ... ..t 
suIftaic acid; no peal coloration sbouJd appear. 

(Il) ChloriM-99.S'I> <sec: Notes. CtUfli .... ). Salis· 
fKlllry COII1IIICI1:iaI gnIdes are available in cylin
ders. but !be gas must be dried by pusiaa ......... 
suIftaic acid (sp. gr. 1.84) befoce iutroducm, into 
!be iodine solution. 

(c) IodiDe re&JI,CIIl grade. 
(d) Hydnx:bIoric: acid (HCI)--nlI&ent grade, __ 

traIed, sp. gr. 1.19 (see Noles, 0uui<l0J). 
(e) Sulfuric acid (~O~ grade. _ 

traIed, sp. gr. 1.14 (see Noles, 0uui<l0J). 
(I) lodine~grade. 

I.A8ORATOIY PREPARATION 
(a) Dissolve 1].0 II of iodine in I L of glacial acetic 

acid. Gende leal may be necessary to promote 
soIutinn. Cool. _ a small qwmtity (100-200 
mL) and set aside in • cool place for future use. 
Pass dry dIIocine gas into !be iodine solution UIIliI 
!be original tiuaIion is not quite double. A charac· 
Ia'istic color c:II.an&e takes place in !be Wijs s0lu
tion wilen !be desiR:d _ of Chlorine has been 
added. This may be used to assist in judgina !be 
end point. A convenient procedure is to add a 
small excess of chlorine and immediately hrina 
back 10 !be desiR:d UlI1Ition by addition of some of 
!be original iodine solutinn which was taken out at 
!be beginning. The original solution and finished 

SMII"IlNG N<I.lANlllY515 Of ~ FAlSlWOOIl5I 
Cd 1·25 • Iodine Value of Fats and Oils 

W'tjs soIutioo are bolD lillad with ~~ sol ... 
tion as diredled in I'IoI:edun:, 6II1II7. 

(Il) The Wijs solution may be Pepilied fnn __ -
cia! indine moaocbIoride as follows: 

Stock solution--Add 317 :a: 0.1 g of iodiDe 
moaocbloride to 1 L of glacial acetic acid and 
filter tbrough Whatman DO. 41H filler paper. or 
equivalent. into a clean and dry actinic glass 
boUle. FiIt« rapidly to pnM!IIl _ ... iIlK .. with 
moisture and store in a cool place. Discard !be 
soIuIion if a pn:cipitale ror-011--.. 

W'gs soIuIioo--tlsir a .... f' • pour 117.0 :a: 
, 0.1 mL of !be stock soIutioo into • SllilldMd S-Ib 

boUle of glllcilllIIZIic acid .. mill MIl by IhIIking. 
(e) The IICI ratio of !be Wijs solulion should be 

within !be limits of 1.I0:a: 0.1. The P'_ coMe for 
deIaminiD& !be nIIio is • follows: 

Iodine conteut-Pour 150 mL of _Jated 
chlorine w.Iief into. SCI).mL Boleameyer fIast and 
add. few gIua .... Pipet S mL of !be Wijs solu
tion into !be flask __ .... !be -.-. chlorine 
water. Shake, and belt to bo ...... Boil bristly for 
10 min, cool and add 30 mL of 2 ... suIftuic acid 
and IS mL of IS'I> poll .... iodide soIutioa.. Mill 
well and titrate immediately willi 0.1 N sodio .. 
IhiosuIIiIIIo soIutioa to a SIaIdI end point. 

. Total halogen cOII!ent-POlIr I SO !IlL of 
R\IQeIIIIy boiIod distilled _ iIIID • dea. *Y soo. 
mL Erlenrneyer IIask.. Add IS mL of IS ... peas
slum iodide soIutiGn. PipeI 20 mL of Wijs IIIIIoItQa 
into !be ftuk and mix well. 1iIraIe willi O. I N 
sodium IhiosuIfIIr soIutioa to a..-eft end point. 

Calculation of .......... ..00-

HaIopn nIIio R '" 3B ~ 
Where-

A '" wIume of Ii-. IIIl. of iodiDe (' 7 •• 
mLaodium ......... 

B '" wI_ of Ii-. !IlL of .... bY al CX18-
_.mLaodium ......... 

]. 1'1> ..-eft soIutioo may be pal.' I fnn a' .11 
suppIier". 

4. "Potato Starch for Indo_try" is recommeaded. 
beo » iN Ibis -.:It poduees a cIeep lINe color ill die 
P mil" of !be iodouiuRi ioL "SoIdlIe s..da" is not 
ItiCCHldiiti:dd 10 ... e a (SM' •• • deep blue color..., 
not be de.eJuped wIa _ soluble _ches . 1 at 
witb !be iodonillm ion. TIle followintl ..... suilllble 
SIIII'dIes: Soluble Stan:II for Io.t. • "Y. FisIIer SSI6-
100; Soluble Potato Starch, Sip!ll S-26lO; Soluble 
~s..da for ~y,I.T. .... 4IJ06.04.. 

5. The sodium ......... soIutioa may be pun I 1 fnn 
a chelilical supplirz.llo_. it sliD must be _aIy 
staudalllized in !be Iaboruory. 

6. Tbe wei .... of !be sample __ be sudI .... tbeIe will 
be an exa:ss of Wijs .... i .. of SO-i!fO'lI> of !be a M _ 

added; i.e., 1000ISO'lIo of !be __ 1!bIocbed. In !be 
case of tung oil. weigh 0.I-02g of sample. using a 
excess of 55 :I: )'JL Wijs soIutiou. In !be case of dehy-



SAMPLING AND ANAL VSlS Of COMMERCIAL fATS AND OILS 

Cd 1-25 • Iodine Value of Fats and Oils 

drated castor oils and dehydrated castor oil fally acids, 
weigh 0.11-0.13 g. 

7. The indicated reaction limes are those specified in the 
International Union of Pure and Applied Chemistry 
(IUPAC) Iodine Value Method 2.205 (References, I) 
and were the reaction limes used in the IUPACIISO vali
dation study of the cyclohexane + acelie acid method 
(AOCS Official Method Cd I d-92). Previous AOCS 
versions of iodine value methods specified a reaction 
time of 0.5 hr, regardless of the iodine value, but noted 
thaI "a longer reaction time may be necessary for oils 
with high iodine value." The longer reaction times 
appear 10 be particularly critical when cyc10hexane is 
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used as a replacement for carllon tetrachloride. 
S. If the reaction is not terminated within 3 min after the 

reaction time, the sample must be discarded. 
9. The sample must be titrated within 30 min of reaction 

termination, after which the analysis is invalid. 
10. Mechanical stirring is recommended for agitation 

during the addition of thiosulfate. 

REFERENCES 
I. Standard Methods for the Ano.lysis of Oils, Fats and 

Derivatives, International Union of Pure and Applied 
Chemistry, 7th edn., Blackwell Scienlffic Publications, 
19S7, IUPAC Method 2.205. 



SAMPlING AND ANAl. YSIS Of COMMERCIAl. FATS AND OIlS 

AOCS Official Mdhed Cd 16-81 
...... _1997 

Solid Fat Content (SFC) by Nuclear Magnetic 
Resonance Spectrometry (NMR) 

DEF1NmON 
This method determines Ihe quantity of solid IJiglycerides in m oil or fa!. lit die leIIIfiCi-es at 
which measurements 8Je made (in die us: 10.0"C. 21.1"C, 26.7"C, 33.3"C. 37.8"C .... 4O"C; ia 
Burope: IO"C. 2O"C. 2S"C, 3O"C, 3S·C .... 4O"C). Only Ihe pulsed NMR sip18l of die liquid fat is 
measured. The toW liquid COIIIent is obIainecl by melliDa and measwin& die sample lit (iI)'C. The 
pulsed NMR signal lit lower lempa_ of die partially aysI&IIiz.ed oil or fat is piopol1ionalto die 
toW liquid measunod ar (iI)'C. An oI~ oil liquid melllmce sample is IIICISIIRld lit III "'hjlU_es to 
wiilpensare for m.ument .... sample dillbelices. 
SCOPE 
Applicable to marprine oils. plasticized sboneoiJIIS .... _ buUer-type cout.e.-tH_ry &Is 
widt a solid fat COIIIent of 95«> or less at 10.O"c. This IIIIIIhod is Ilqleiident IIpOIIdIe "'hjlUiD& hist0-
ry of die sample before measuremeill. .... departures from the procedwe will cause Yariarioos ill 
_lis. Poor reproducibility call be npected wben applied to unItydrogenall!d pIItm oils dIIe to cIIfer
ent tempering conditions for dtese types of samples (_ N.-, I). FwlhelniOJll, the 'IIlIIues ohaiaed 
by NMR (SFC) 8Je not direcdy COIliIJlIIIabie to those by dillllOOleUY (AOCS Official MedxJcI Cd 10-
57). AOCS Official MedxJcI Cd 161>-93 is die more recent1leRion of die NMR IIIIIIhod for .... " ... 
ing solid fat content (_ NOles, I). 

APPAIATUS 2. Temperina of Ihe sample ucI pulsed NMR n CO'-

I. Praxis Pulsed NMR SFC 900 Solid Fat Analyzer
available from The Praxis CoIponIIion, So AQloPio. 
1bas. 782S I, USA, or equivalenl. 

2. SIn1JIe bib< leSt lUbes, cuIIuIe. distMJS8bIe,1'yrt!x no or 
Kimax gIas. 10 mm o.d. x 7S mm Ia!adt wilhout rims, 
widt iAl. nfO.3t14h:O.oos iacbes(9.6S%O.13 mm). 

3. ~at1O%2"C. 
4. Cotb-sizeO. 
S. 1lssues for wiping sample wbes. 

RfAGENlS 
I. OI~ oil menmce liquids llaving the foIIowinJ con.,... 

siIionaIlIIIaIysis (_ NOles, 2)-

SpaIIisll Itar ... 

lodiae_ 84-81 IS-sa 
Sop · ... io.vU1e: 189-195 192-195 
PaIIy acid eGG, .. ili<lII 
CI6 9.5: 1.0 14.0: 1.5 
CIS 3.5:0.5 2.S:0.5 
CIS:I 16 :2.0 65.0:3.0 
CI8:2 1.0: 1.5 14.o± 1.5 
CUI:3 1.0: 0.2 1.0:1:0.2 

PROCEDURE 
I. filling the sample wbe-

(a) Heat the sample ill the 1O"C 0\II:II lllllilliquid .... 
mix well. 

(b) Fill the sample lube with the melted sample to 
appoximately IS mm from the top. 

(c) Place corldn top of sample lUbe. 
(d) Wipe sample lUbe with dssue maltillg sure outside 

of lUbe is clean. 

~lof2 

--(a) lnacn sample wbes WllllliDins all _ ...... to be 
meuured .... the ref_ oIiwe oil aBIfIIIe i_ 
the sample ....... illll padS or the IIO"C probe. 

(b) IlqulIibnIe III _!pies .... , ... _oiI for 30 miD. 
(e) Set die ihstIUlnent 00IIIIiIima. folio W$ 

"-'h ", awiIdl A_ 
FIoIIeseIecW 6 
I'IDo'WJmp swiIdI PID 
Rrspnnse .... 
YIriIbIe delay 100" 1 
CIoct. 2" 1.0 
P '''. go-
PIop-._ B 
001 ........ I' ........ _ .. ..... 

~ ........ -.. ..... 
FIoIIe ....... _ ..... ClJ _"s ..... 

(d) ~theoliweoilt.. :e ..... _the-.lysis 
pert .... 111: e the NMR.--. <-Nok:s. 3).. 

(e) lasen each sample i_ the anaI)'sis polt ad 
measmetheNMR.--.nf ......... 

(f) Tmlsfer the referenc:c oil aDd samplea to die 
26. 7"C probe .... equilillnllo for eudIy IS mill. 

(g) n-ter the .:efaeuce oil .... 1IIIIIpIes 10 the O"C 
probe .... equilibnle r. eudIy IS mill. 

(h) Transfer the reference oillUld SiimpIes to lhe 
26.1"C probe ucIlCmf1C'1' for cued)' 30 mill. 

(i) Transfer the refenmce oiIlIid _!pies 10 the O"C 
probe .... chill for eudIy 15 mill. 

(j) Tnmsfer the refaence oil .... _,ole, 10 the IO"C 
probe ucI equilibrale for eudIy 30 min. 

(k) Set clock to I x 1.0 ucI Probe Selectllr 10 I. 
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(I) Measure the NMR reading of Ibe reference oil and 
samples. 

(m) Transfer the reference oil and samples to Ihe 
21.1·C probe and equilibrate for exactly 30 min. 

(n) Set Probe Selector to 2. 
(0) Measure the NMR reading ofllte reference oil and 

the samples. 
(p) Transfer the reference oil and samples 10 the 

26.7°C ptobe and equilibrate for exactly 30 min. 
(q) Set Probe Selector to 3. 
(r) Measure the NMR reading of the reference oil and 

the samples. 
(s) Transfer the reference oil and samples to the 

33.3'C (or 10 40.6"C) probe and equilibrate for 
exactly 30 min. 

(t) Set Probe Selector to 4. 
(u) Measure the NMR reading of the reference oil and 

samples. 
(v) Transfer the reference oil and samples to the 

37.g·C (or to 4O.6·C) probe and equilibrate for 
exactly 30 min. 

(w) Set Probe Selector to S. 
(x) Measure the NMR reading of the reference oil and 

samples. 

CALCULAnONS 
1. Solid fat content (SFC) at temperature T"C " 

100- reference oil at60'C x -:sa=mp=l",e..::at.;-T"::...::C,=, x 100 
sample at 600C reference oil at T'C 

Example-
NMR Readings: 

Reference oil at 6O"C 
Sample al6O"C 
Reference oil at T'C (10.0) 
Sample at T'C (10.0) 

105.6 
105.4 
98.8 
80.2 

% Solid fat '" 100 - ~ x 80.2 x 100 " 18.67% 
105.4 98.8 

PRECISION 
Data from the AOCS collaborative study which validated 
this method show that the following reproducibility can be 
expected-

I. Within and between laboratories. separate determin ... 
tions of margarine-type oils should be plus or minus 
one standard devialion for temperatures listed: 

Temp. IO.OOC 21.1·C 26.7'C 33.3"C 37.8'C 
SO 0.6 0.5 0.6 0.6 0.4 

2. Within and between laboratories. separate determina
tions of plasticized sbor\ening-type oils should be plus 
or minus one standard deviation for temperatures listed: 

Temp. 1O.00C 21.1·C 26.7'C 33.3'C 37.8'C 
SO 0.7 0.1 0.6 0.5 0.4 

3. Within and between laboratories. separate determina
tion of non-cocoa butter-type confectionery fats should 
be plus or minus one standard deviation for tempera
tures listed: 

Temp. IO.O·C 21.IoC 26.7°C 33.3·C 37.goC 
SO 0.6 1.0 1.1 0.5 0.4 

4. Within and between laboratories, separate determina-
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lions for unhydrogenated palm-type oils sbould be plus 
or minus one standard deviation for temperatures listed 
(see Notes. 4): 

Temp. 1O.00C 21.l'C 26.1·C 33.3·C 37.SoC 
SD 1.0 O.g 0.6 O.S 0.4 

5. Within and between laboratories, separate determina
tions of tristearin in olive oil standards should be plus 
or minus one standard deviation at lOOC for the percent 
tristearin in olive oils listed (see Notes, 5): 

Temp. 10% 25% SO% 75% 90% 
SO 0.2 0.2 0.4 0.2 0.1 

NOTES 
I. The basic procedure is applicable at temperatures and 

times other than those specified and the Committee 
recognizes that sometimes such deviations are neces
sary. In 1989, an international collaborative study effort 
by the AOCS NMR Technical Committee was begun to 
establish harmonized tempering conditions for existing 
NMR instruments and for other types of oils and fats. 
The AOCS NMR Technical Committee completed the 
study in 1993 and published the results as AOCS 
Official Methnd Cd 161>-93. The second phase of the 
study will include tbe application of the method to 
cocoa butter and cocoa butter subslitutes. 

2. The basic procedure described is dependent upon the 
chemical stability of the olive oil reference sample. 
Excessive healing or abuse can cause oxidation resulling 
in the formalion of solids and lower pulsed NMR read
ings. The Committee recommends replacement of the 
reference sample oil every 3 mon with fresh olive oil 
which has been kept under refrigeration. Wllile it is not 
the Committee's place or intent to recommeod a specific 
oil. it is noted thetthe collaborative study was conducted 
using a high grade Lucca Olive Oil from Italy. 

3. Push retest bunon one time before making NMR read
ing on first sample tested in each probe, as recom
mended by the instrument manufacturer. 

4. The basic procedure described is applicable to unhydro
gcnated palm oils and blends containing unhydro
genated palm oils. The Committee recognized that 
other palm oil-type samples and/or blends do produce 
poor reproducibility and further work is planned in this 
direction to establish tempering conditions prior to 
measurement. 

5. These values of reproducibility are an indicalion of the 
precision obtainable by this method of measurement 
when polymorphic stability of the sample is not a 
factor. The tristearin in olive oil mixrures are also used 
as reference samples for the calibration of the instru
ment. These mixlures are melted and liquid readings 
taken at 70°C before being tempered and measured by 
Ibis method. The SFC values measured agree well with 
the percentage of solids by weight. A single fifth order 
polynomial regression equation is recommended for 
solids contents of 95% or less. Polynomial coefficients, 
correlation coefficients and interpolalion tables for 
conversion of calculated solids to calibralion-corrected 
solids can be obtained from the manufacturer for each 
inslrument. The calibration procedure is also provided 
by the manufacturer. 

I 
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Solid Fat Index 
Di latometric Method 

DEflNmON 
1be sotid fat iode« (Sfl) is all empiriaII measure of die solid fat ~ of die IIIIIIpIc. II is cakMI· 
eel from die specific volumes IISSOCiated with combioed liquid and aoIid pbues _ ... ilied 1etll(lUa
-. uliliziDg a dilatome1ric scale 1f8"u''ed in units of mL x 1000. ResuIIs 1ft! _we expesaed 
as melting diIaIioD in mlJts of sample. 
SCOPE 
Applicable 10 -.._ oils, shorteIIillg8 and adler fats with aD SfI of 50 0(" lea _ 1O"C. 1be 
DJtIhod is empiJicaI, and cIepIrtwes from die procedum as WJiueo nay _ ....... ia IeIIIIts. .It 
is essep!jallhll the IeIIIpI!nIIIR:S ulilb:ed in die test procedum be i"'ed with die II'IIIIIIIs of die __ 

AJ'PAItAWS 
I. 1'yielt1M dilaaometers---amSlJ:lJCted aec:ordiDg to the 

Jpecifications given ia Figure I. 1be _ should be 
made from precision ben capiIlIry IUbing IV""Wed in 
O.1J05.mL iauenw:uls from 0 10 1.400 mL with 811 __ 

aII_cy of_least % OJIOS mL. 1be scale sbouId be 
iiIIIibd 0 10 1400 in iaIervaIs of.50. 1be .,,' ...... 's 
should have idenlification IiIIiiIbers OR the siems and 
SIOjIpeIS <see Noces, I). 

2. Polyaa!tal cIamp-to hold the diIstom I t stopper in 
place. 

3. 1ben __ cla"4* for holding die diIaIcliidd. in 
Ibe C(W".etItiUiptiJIbR baths.. 

4. COII.lallt-temperatllre _ter baths-accllrate to 
% O.n5"C. equipped with • _ for ...... , ... cin:uIa
lion. Solid fat indices _ -uy deIamined at 10. 
21.1.26.1. 333 and 31.8"C for die ..... _izIlNa of 
margariue oils aud shorlellillgs. For apecia1 c:asea. 
hipeo- lieilipei __ may also be used. Thtrefooe, die 
_ baIhs iequiled shauld be msintained _ 10. 21.1. 
26.7.333.31.8 and 6O'C, and _ hiIber lieDijkliillUrr:ll if 
ACl ) <seeNoces, 2 and 3). 

S. Vacuum JIIIIIlP-CIIIle of .. ieduc .... :imiDgl2 the IJR'S8IIi1' 10 2 
mm", or leas. 

6. CapiJIaIy 2-way IIIIlproI:t 2 mm i.d •• with bunot lip. 
made ofl'yielt 1M. 

1. PyseaI ceil I FisbeI Sc:ienIific. orequivalenl. 

IEAGENlS 
I. Potassium dicbromate illdicator solali_l ... ill 

<tidied _ <see Noces, 4 and Caution). 
2. O~c. e 1lIIi1able for use_ higb vacuum. siJic:Gae type. 
1. Petroleum ether-AOCS Specificalion H 2-41 (see 

Noces, Caution). 
4. Dislilled nJeiCWY see Notes. S. 

CAUBRATION Of DllATOMmR 
NOl~AU new diJaIm ....... sbouId be chcded for lImII'IICY 
<see Notes. S). 

I. ThorougblycleananddrythedilllOiil".r. I'lJpirt! 1. Sbtdl of dill. 1111 ................. IU ._ 

2. Securely clamp the dilatometer in an inverted position. 1_ Noles, 1). 
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3. Clamp !he capillary stopcock (Apparatus, 6) in place at 
the end of the dilatometer stem, and make a seal with 
!he Pyseal cement (Apparatus, 7). 

4. After !he cement has hardened, immerse the tip of the 
stopcock into a reservoir of clean, distilled mercury 
which is at room temperature. 

5. Using a vacuum, draw the mercury into the dilatometer 
stem UJltil !he calibrated portion is full. 

6. Successively withdraw O.2OQ..mL portions of !he mercury 
into a tared 50-mL beaker and record the weights. 

7. Calculate the true volume (in mL) contained in each 
measured scale interval as follows (see Notes, 4): 

mass of mercury. g 

Final - initial scale reading 

x (specifIC volume of mercury at T R) x 1000 

Where-
T R = measured ambient temperature at time of 

calibration 
1 mL '" 1 000 on dilatometer scale 

PROCIDURE 
I. Filling the dilatometer-

(a) Deaerate about 50 mL of the indicator solution for 
3 min in a 250-mL filter flask, or other suitable 
strong-walled container, at a pressure slighlly 
above the vapor pressure of Ihe solution at the 
temperature of deaeration (the vapor pressure of 
water al 25·C is 24 mm of Hg). The indicator may 
also be deaerated by vigorously boiling for 15 min 
at atmospheric pressure, but should be cooled to 
room temperature before use. 

(b) Heat the sample to 8O"C and deaerate in a 25O-mL 
filter flask. or other suitable strong-walled 
container, al a pressure of 2 mm of Hg until no 
more gas bobbles are seen (for at least 2 min). The 
sample must be maintained in a liquid slate and 
agitated vigorously during deaeration. 

Note-The indicator and sample should be 
used as soon as possible after they have been 
deaerated. The sample must be completely melted. 
Even slight crystallization occludes air. 

(c) Pipet 2 mL of the indicator solution into the 
dilatometer bUlb. Lubricate the stopper lightly 
with silicone grease and weigh the assembled 
dilatometer to the nearest 0.0 I g on a suitable 
balance. 

(d) Carefully overlay the indicator with the sample 
and fill until the sample overflows. Insert the stop
per so that the indicator solution rises to approxi
mately the 1200 mark of the stem when the stop
per is securely sealed. The reading should be 1200 
:t 100 at 6O"C; if nol. the determination must be 
started from the beginning. 

(e) Wash any sample from tbe ouler surface of the 
dilatometer with petroleum ether. Attach the 
retaining clamp to the stopper and reweigh the 
dilatometer when the solvent has been completely 
removed. 
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2. Measurement of thermal expansion--
(a) Immerse the dilatometer to the 300 mark in the 

60°C bath and record the reading after IS min and 
then at 5·min intervals until the change is less than 
2 units in :5 min. Rechecks of the 6O"C reading at 
the end of the determination should agree with the 
60°C reference reading. Significant variations 
indicate faulty tecbnique. 

(b) Transfer the dilatometer to the 37.8"C bath and 
immerse to the 300 mark. Read the level of the indi
cator solution at intervals of 5 min until the change 
is less than 2 units in 5 min. Record the readings. 

Note-It is necessary for tbe sample to be 
completely melted at the lower temperature. If any 
seeding or clouding occurs, remelt the sample in a 
60°C bath and raise the temperature of the other 
bath. If the reference bath temperatures are 
changed, appropriate changes must be made in the 
calculations. 

3. Conditioning of the sample--
(a) Transfer the dilatometer to the O·C bath, immerse 

to the 300 mark and hold for 15 min. 
(b) Transfer to a 26.7°C bath and bold for 30 min. 
(c) Transfer back to the O"C bath and hold for 15 min. 

Not ..... lf an ice bath is used at O°C, provisions 
should be made for adequate water circulation. 

4. Measurement of dilation-
(a) Transfer the dilatometer from the O°C bath to .• 

bath at the lowest desired temperature. Immerse to 
the 300 mark, and record the reading at the end of 
exactly 30 min. 

(b) At tbe end of tbe 30-min period. transfer the 
dilatometer to the next-highest temperature bath 
for 30 min and repeat this process until readings 
have beea obrained at all of the desired tempera
tures (see Notes, 3). 

CALCULATIONS 
I. Solid fat index (SFI) at temperature T = 

(total dilation) - [(thermal expansion) X (60 - T)] 
Wbere-
Total dilation between T and 6O"C, mUltg = 

R(60) - R<T) -Vem 

W 

Thermal expansion of sample per dc, mI.Jkg = 
R(60) - R(37.8) - V'<37.8) 

Wx(60-37.8) 
T=observedtemperatore 

Ve(T) = volume correction for expansion of Pyrex TM 

and water at temperature T (see 'nIble I and 
Notes, 6 and 7). 

R(T) = dilatometer reading at T 
W = mass, g of sample 

PRECISION 
Data from the Edible Fat Series in the Smalley Check 
Sample Program have shown that (be following repro
ducibility can be expected---



[ 
I. Wllhin or between Iaboratcries, separaIe de!mnillllions 

of IIIII'prine-typ oils should be :I: !be SIaIIdanI devia
tiOllS for !be tempenIlUmIlisIed: 

'*' Solids variatioo 

7O"F 8O"F 92"F lOO"F 

:1:0.64 :I: 0.49 :I: 0.38 :I: 0.32 :I: 0.25 

2. Wllhin or between Iaboratcries, separaIe de!mnillllions 
of shonening-typc oils sbouJd be :I: !be SIaIIdanI devia
tiOIIS for !be IeIllJlCla_ listed: 

'*' Solids variatioo 

SO"!' 7O"F 8O"F 92"F. lOO"F 

:1:0.87 :1:0.57 :1:0.69 :I: 0.46 :I: 0.69 

NOns 
CtBIIiDn 
PeIroIeom eIber is exln!mely flammable. A'IIoid SIatic elec
bicily. Use effective fume..removaI device. 

PoIassium dic:h.- is toxic: by m,esoon and inbala
tiOll. There is sufticierIt evidence in humans for !be can:ioo
genicit)' of dmmrium (+61, in particular 1unII--. It is a 
stron& oxidizing agent and a dangerous fire risk in COOI8l:t 
willi 0IpIIic chemicals <see NOleS, 4). 

NUMBBIED NOTES 
1. 1'be supplier of Iht: dilalometen is Kimble Kontes, 

VmeIaod, NJ, USA. 
2. 1bI: basic proccdun! is tppticaIIIe 1Il1eII1JlCl_ oIber 

than those specified, and Ihe AOCS Technical 
c-;_ 'ecogoUzes th8l somewlles deviatioos from 
!be procedure as noICd are necessary. 1bI: _uoy 
dcviatioos depend OIl !be complIIiIion aod ch8laclel of 
!be sample. It is hoped. however, th8l within limiIs, a 
uoifclrm IeIIIJICI_e range wiD become esIabIisbed in 
!be fills and oils industry for !be pIII1iculat Iype of 
sampIc being tested. 

As noICd in Appanws 4. specificaIions sugest 
b8lh teIIIJICIIIIUIe be lei and SFl ¥IIIues c:aIcuIatod from 
!be following tcnlJlClatoues: 

"C 
10 
21.1 
1Jj.7 
33.3 
37.8 
40 

"F 
SO 
70 
80 
92 

100 
104 

Whm using !be equation (Cak;odatims, I) for calculat
ing SFl VcOJ Y8Iues. ~ OOI.ectioa liIcfors_1o 
be taIcea from Table I. 1'besc wlucs _ aiwn in Ii", 
degree C illGellltUU from O"C 10 6O"C. Unless tbesc 
values are exlnlpOlated 10 fit !be actual b8lh 1eI'1jICI8-
lUre, it is conceivable that small errors will exist, 
makinl! it hsnIer 10 compare data. 

_INGAHOI\HAl~OfCDt .. II ::w.FA15N1OOIISI 
Cd 10-57 • Solid Fat Index 

THIel 
Vohome_,O!dioI. for Pyla'" ..................... 

BodI fiO"C 'hw'ia& 
IeIap. 'C 1000 1100 1200 1300 1410 

II 22.0 lG.3 18.6 16.9 15.2 
5 22.2 2O.S 18.7 17.0 15.3 

10 21 •• 20.1 111.4 16.7 15.1 

" 21.0 19.5 17.8 16.2 . 14.6 
210 19.8 111.4 16.11 IU 13.8 
2S 18.4 17.0 IS.6 14.1 12.7 
30 16.6 IS.3 14.Q 12.7 11.4 
35 14.4 13.3 12.2 11.1 10.0 
40 12.0 11.0 10,2 9.2 8.l 
4S 9.4 8.7 8.Q 7.2 6.S 
SO 6.6 6.1 5.6 5.1 45 
5S 3.2 3.0 2.8 as 2.3 
tiO 0 0 0 0 0 

It is _mJeiided _!be boIIh """"",1blIeS for 
SFI (aod SA:) sbouJd be as foI'-s: 

"C 
10 
20 
2S 
30 
40 

"F 
SO 
611 
77 
86 

104 

3. SeverII lahooakWies IIave iCpOIW difticuky in deIer
mini ... !be SFI value • lo.O"C for fills ...... SA 
..- dIim SO III lo.o"C. No oIficiId a:ID .. been 
takm ca Ihese oIJIeI ¥IIIioas and .«.. . .. itw QIe 
findinc lepoollid 10 redIoce !be ..... i _Ie of !be .... 
lem consislll of removiol tI1e dil__ fnIIII tI1e 
5O.O"C • __ bath ... pIacinc iI, Wi 'MIIy, ill !be 
26.7,21.1 and lo.O"CboIIhsfor IS ....... :1l' •• 
lUre, IIlIiIIIfeninI! 10 !be O"C bath ........ poe""" I 
with !be IeIllJlClinI! aUlliIIl AaodIc:r fiIIdiII& CI . h of 
taIda& !be ...una III lo.O"C III !be oIficiId linae of 30 
min, bot ..... every S or 10 miD Ilia • IIIIIiI a ..... 
ing is !be _ as. or mai_ only ~ ......... 
dum, !be JIIIe¥ioDs IIiIIdinc-

4. Duetolhecan;' •• Jcityofd ... , • ,I(VI] ........ +. 
!be f'oIIowinc Mio·· ......... been JlIGIICiWd •• 
repla "' Usinc "Ai • oW"" !bod ..,., mix fJ) .l 
C BIue'1 with fD .l C Yellow IS in ......... Iioas 
10 form • ..- dye. 10 200 mL of ...... _. atd 
Q.561! (1IbcIIt IS cIropI) of fJ) .l C BIat.1 ... o.JS I 
(about II cIropI) of !be .... dye. TIle I*GpiilIioas _ 
not critical, bot CIIOUJII!bod dye ....... be .-110_ 
an qoaqoe sohnioD. 1bI: dye mixlln ....... ibt:d sbooIId 
procIuce a solution IIavinI! _ ..... t.Icc of 0.8S4 (I"'*' 
b&lISuliUuce) II a _ Irr8dr of!illS-. 

When the SPI. of emulsified sboneniDls _ 
deU:nnined, !be addition of 1-2,*, sodium chloride 
(NaC!) 10 !be indicator solution is ~ to 
reduee foamiol III !be in.m- betweea !be sample 
and !be indicalcr solution. 
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5. Mercwy is used for the calibnllion of the dilarometers. 
Kimble KOnte.s will calibrate new dilatometers, providing 
a certificate of calibmtion with the dilatometer. thereby 
avoiding the concerns associated with the use of mercury. 
There is an additional charge for this service. Kimble 
KOnteS should be conlllcted for furtber information. 

6. V from Thble I represents the combined correction for the expansion of glass and water. and applies to 
Pyrex"" brand glass only. If the dilatometer is 
constnlcli:d of glass other than Pyrex"" brand, appro
priate corrections must be made for the type of the type 
of glass used. 

7. The liquid thermal expansion is basic for calculating 
the solid fat index. It must. therefore. be accurate. 
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Repeated analyses have shown values of 0.83-0.85 
mLlkg to be nonna\ for cottonseed oil. soybean oil. lard 
and tallow. Lauric acid oils. such as coconut, have 
values of Q.85-0.S7 mUkg. If determined values are 
abnormal. the analyses should be repeated. Standard 
thermal expansions may be applied in routine deterroi
nations where results are used within an organization. 
provided they are checked by actual measuremenL 

REFERENCES 
1. Monogrop/ls on the Eva/_ion 0/ Carcinogenic Risks 

/0 Humans, Vol. 49, World Health Organization! 
International Agency for Research on Cance.- (IARC), 
199Q, p. 213. 
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SAMPliNG AND ANAlYSIS Of COMMERCIAl. fJlts AND OIlS 

AOCS 0ffidaI Method Cd 14-95 
ReplaceCd 14-61 '1I&olP- 1997 

Isolated trans Isomers 
I nfrared Spectrometric Method 

DmNITION 
Isolated _ bonds in long-dlaill faIty acids.. estr:rs and lrigJycerides IMy be ___ by _wed 
speGtlometry. An absorpIion band with a max.imum at about \l66 em-I (10.3 m), --ina fiuD a C-H 
deformation about a _ double bond. is exhibited in the ..-ra of III ~ oontainin& .. 
isolated _ group. and not observed in the spednI of the Wiiesponding cU and _attd c0m

pounds. Mt:asunmteRt of the inIensity of this absorpIion band under .wytically COIIIRIIIed condi-
tions is the basis for a quanlitative method few the determination of isolated ___ AIr .... 
ac<:1II'IIC)'. common inlelfering absoiptions associated with the gJyceroI bIctbone of ~ .. 
the autJoxyl group of fatty acids _ be eliminaled by conversion of these samples Ie their meIhyI 
estr:rs prior Ie mWysis. 
SCOPE 
This method is applicable to the a<:<:urale determination of isolated ,_ bond.s in -...J or 
plll(essed Iong-dlaill acids.. estr:rs and trigly<:erides with _ JewIs O!:OS ... It is not appIicIIIIe or ill 
applicable only with specific precautions to fats and oils COIIIIIining IaiJe quanlilies (over S'Io) of QIft

jugated 1IDS8IIIration, sud! as W", oil; Ie maaeriaIs COIIIIIini", fimI:IioMI groupe wIIidl modify the 
intensity of the C-H deformalionabout the 1_ double bond, such as _ oil -ininIlidnoIei<: 
acid or ilS geometrieaJ isomer, ricinelaidic acid < 12-bydroxy-9-i!e'Mecenoic acid); Ie mixed glyc
erides having Ioog- and short-dlaill moieties, such 8$ di" etoslelli iii; or in aenenJ, Ie WI)' -WS 
COiIIlIining eonsIitueiiIS which have f\mcIionaI groups which P rise Ie.specific .... pdon bands at 
or sufIicicIIIIy close to intafete with the \l66 em-I band of the C-H deformation of the isolated_ 
double bond. For lI£QiI'IIIe delenninalions on materials with _ JewIs below OS .. , AOCS nlelllod 
Ce Ic-89 orCe 11-96 is IeWiilmeoded. AIr the direct -'Ysis oftriglyr:eridel, Associatioa ofOffic:illl 
Analytical ClemislS (AOAC) method 965.35 is _1_1IIed. 

APPARATUS 
I. Iafnred speGtlOli I (FT-JR or dispeasive) c:apIbIe of 

matina measurements at 8 em-I resoIlIIion in the spec:
IraI nmge cow:ring 105C)..,9OO em-I. 1bc iilSbumeat's 
daIa IwtdIing Cllpllbilities should 81'- COIM'JISion of 
..-ra Ie absoibance, sc:aIe expansion of the x and y 
axes, andl1!adout of~ Ie the __ 1 em-1 
and ~ 10 the __ 0.001 AU. FJ'-JR spec:
bOlllelen should employ ros or DTGS deIecton to 
-linearity. 

2. Infntred liquid -.pi", cells with N.cI or ICBr wiD
dows and a fixed padt-1eII3th of I mm. For use in null
Iype insb-. pairs of cells matdted 10 within 0.01 
absorbance IIlIits ..... requited. III split-beam type 
illstntmeats with boIh ceDs filled with the solvent, 
electrOIIic balance of the two beams Ie within these 
limilS should be ..med. 

3. 'ImIumetric: fl_ C'ass A. 10 mL. 2S mL. and SO mL. 
4. PiF CIS C'ass A. I mL, 3 mL. 4 mL. S mL. 7 mL. 9 mL. 
S. Disposable PutatrpipelS for fiDi113 of infntred cells. 
6. AnslyticaJ baIuce with a 6Q.g capacity. CllJlaliIe of 

weigbi", 0.2 g 10 811 ac<:1II'IIC)' of ± 0.0001 .. 

REAGENTS 
I. CarboII disulfide (~}-dJy. -sent grade <see Noces. 

Call1imt). 
2. Primary slandsllls· Methyl eIaidaae and methyl oIeare 

with purity of 99+ .. (see NoleS. I). 

PltlJWlAlION Of STANDARDS 
I. Slock sol.t;o"s. Weigb aceurately to the nearest 

0.0001 g, OS g ± 0.01 ,of medlyI drirlee ., a 2S
mL voI.-Ie fIuk. DiMe 10 wlUilIle with CSz. .... 
per. and mix well. Prepm: a seccJIIId !!!!Iuoion of meIhyI 
oIeoe 8$ abowl. ~ • 0.0020 r/mL IIIICk solution 
of methyl elaidate by pipttri"l 5.00 mL of tbe 0.020 
&fmL I1Il!IbyI e11tidate IIIICl: !!!!Iuoion ., • SO-mL vol
.-Ie tlasL DiMe 10 WIIuIae with CSz. ............ 
mix well. 

2. I." tutd79.1DM 'fill « .. IDID 10-mL flIIaneuic 
flub, weip to the __ 0..0001 g, tbe weiPt of 
meIIIy' oleate specified be'- 10 :i; 0..005 .. Pipet tbe 
specified WIIuIae of the 0.0020 JImL meIhyI eI ... 
stock solution inIO each, thea em- adI Ie '10", 
with ~. sIOpper. and mix well. 

Ncainal .. _ mL I!Jair!* Sola. 
I 1.00 
4 4.00 
7 7.00 

I MdbyI Oleate 
0..198 
0.192 
0.186 

3. 10, 10, 50 _ 70'1> IDM mil ,·nit. From the 0..020 
&fmL IIIICl: soIations ....... ed abcwe, plep!llie a set of 
calibration soIations by pipttri"l the follollrina speci
fied volumes of solutiOlls illln lD.mL vulumelllc 
flasks. Bring to volume, sIOpper .. mil< well. 

,...,Jof3 



SAMPUNG AND ANAl. YSIS Of COMMERCIAl fATS AND OILS 

Cd 14-95 • Isolated trans Isomers Infrared Spectrometric Method 

Nominal % Trans mL Elaidale Solo. 
10 1.00 
30 3.00 
SO 5.00 
70 7.00 

CALIBRATION (See Notes, 2) 

mL Oleate Soln. 
9.00 
7.00 
5.00 
3.00 

I. For each SllIndard solution. calculate !he exact weight 
of methyl elaidate diluted in 10 mL of solvent. 
Analyze each solution and detennine the baseline cor
recred infrared absorbance at 966 cm-I as described in 
!he Procedure and Calculations sections below. 

2. Trans $.10%. Using a first-order regression analysis, 
delerrnine the slope and intercept of the line which best 
fits the plot of the baseline corrected absOibance at 966 
cm-I for the I, 4. 7 and 10% 'mn.'standards (y-axis) as 
a function of the grams of methyl elaidateilO mL of 
solution (x-axis). 

3. Trans >10%. Repeat Step 2 for the 10,30, SO and 70% 
lrans standards. 

PREPARATION Of SAMPLES 
I. Solid fats must be melted on a steam bath and mixed 

before sampling. Samples that appear cloudy due to 
presence of water should be treated with anhydrous 
sodium sulfate and filtered before removing the sample 
for analysis. 

2. Convert 0.5-1 g of the sample to methyl eaters using 
AOCS medIod Ce 2-66, AOAC method 969.33. or oilier 
procedure which is appropriate fOf the sample !ype. 

3. Weigh accurately to !he nearest 0.000 I g. 0.20 g :t: O.ot 
g of the prepared undiluted methyl esters into a 10-mL 
volumetric flask. Dilute to volume with CS2, Slt)ppef, 

and mix well. 

PROCEDURE 
I. Set up the infrared speetrometer operating parameters 

according to the manufacturer's recommendations to col
leet infrared spectra at 4 em-I resolution covering the 
range from 1050-900 em-I. Conditions employed should 
be identical for samples and standards. (See Notes, 3) 

2. For single-beam instrumellts. Fill a clean infrared liq
uid cell with CS2 ' remove any air bubbles, stopper, and 
place in the spectrometer's cell holder. Collect the sin
gle-beam spectrum to be used as a reference (back
grouod). Refill the clean cell with the sample solution 
and collect the single-beam spectrum of the sample. 
Ratio the sample spectrum against the background and 
convert to absorbance. 
For split or dual-beam instrumellts. Fill a clean 
infrared liquid cell with CS2 ' remove any air bubbles. 
stopper, and place in the reference beam cell holder. 
Fill a second matched cell with the sample solution. 
remove any air bubbles. stopper. and place in the sam
ple beam cell holder. Collect the spectrum sod convert 
to absorbance. 

CALCULATIONS 
With the spectrum of the sample scale expanded in the 
region from 1050--900 em-I. drsw a baseline (XV) tangent 
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.8 70%1JMs 
Ap 
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§ 
~ .4 

j 
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J 
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Figure 1. Infrared spedra of methyl esters containing 70 and 
2% WIIS. 

to the "feet" of the infrared absorbance band at 966 em-I as 
demonstrated in Figure J. The points in a spectrum 
between which line XV is drawn will vary with peak 
absorbance. For accurate results, baselines must be drawn 
the same fOT both samples and standards. For high tTtlIlS 

containing samples, the baseline should be drawn to the 
minimum located at 985 em-I, Occasionally, this minimum 
may be absent and the point to which the baseline is drswn 
will need to be estimated. 

Determine Ine baseline corrected absorbance of the 
absorbance band (AC) by subtracting the absorbance of the 
baseline at the peak maximum (AB) from the absorbance of 
the peak al 966 ern-I (AP). (The measured position of the 
peak maximum will vary with instrument and trans level of 
the sample analyzed. The position of the maximum should 
be established separately for each instrument with the 70% 
trans standard. This same position should then be used at 
all concentrations.) 
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SAMf'lINGANOANAtVSlSOFCOtVCICIAlfATSANDOU 
Cd 14-95 • Isolated trans Isomers Infrared Specbomelric Method 

From Figure I, 

Ae={Ap-Aa> 
UsiDg die c:alibnlliOll daIa for tile appiopiWe ..... luge 
(SI.,. 01' :>1.,.). <:aIcuIaIe tile weight eqllivalalt of methyl 
e1aidate ill tile sample from tile following equaIion: 

MeIb=:- = CAe illtelcept) I slope 

Tallie 1 
An iloianaCiourilloilllltl"lllIIOI, IIudy aM .... by .. 
AOCS QoIlllli1lloflr.l CommIHee in l!J9S, ........... by 
0avI0I Henry, in whIdt 1 r. .... atorIes JIIIl1idpIIIaI, -=It 
obIainlnc _ ... results for -=It .... analyzed by II, 
pw sIaIIoIioIresuhs ."'1 ...... by ISO 5725-19116, wIIIch 
__ iDd in .. foBIIwills table 

1\16-1 TI-I T,..2 T,..3 TI-4 TI-' Ta-6 
Labs _ IS III III IS III III 14 
oudim 
Labs 100 002 

30 32 32 30 32 32 'Z1 
20.23 11.09 1.33 111.14 111.02 30.91 47.2.5 

f= 

2.8xS. 
Sa 
RSDa 
R= 
2.8 x Sa 

:!.1.15 
0.49 
2.40 
1.37 

1.30 
11.42 
3.64 

11.14 
o.:z:z 
3.115 
0.112 

0.1\0 
9.81 
1.111 

SuIpIe by for 'IlIIIIe I: 

0.18 
13.811 
0.50 

0.44 
32.78 

1.23 

G.2O 
1.21 
0..511 

1.19 
738 
333 

0.38 
2.38 
1.09 

1.(" 
11.69 
3.00 

0.411 
1.49 
1.29 

1.811 
11.10 
S.21 

0.111 
1.71 
2.'Z1 

1.22 
2.S9 
3.42 

Me-I - Melby! eIIIidIIIoIMcdIl- wiIII:!.l.I""_ 
T,..I_TrieIoidinill __ peanut oil willlII.I41Jp_ 
T .. 2 =c.oIa oil 
T,..3 -ISIIorI • 8 

1i-4 =IBIiIIoI .... •• 
T .. S-........., 
Ta-6" Pw:1iy oil 

MedlyJ eli; ....... 

... ".. as methyl elaid* = eqaiYaIa:Is,... x 100 
SampIe-. 

JIIIIIIIlO mL of ~ 

Repon tIISUIIs 10 tile _ 0.1 .... 

IB'IODUCIBiUTY 
The ablloilltll dilfe.t_ betweea two aiaaIe lest -lis" 
nhlpjoed willi tile same medIod OIl ... ic II lest n ill ill 
ditf .. eat IlboIlIIOIiea willi ditf_ ., ..... usiq .... 
enl eqolpmcnt, ~ DOt be .-.... tile ~ 
ty limit R IlIIbown ill 'I»IIe L 

IIB'EATAlllllY 
Absolute ditference bet1ieea two i_po ......... aiaaIe lest 
n:sults, obIaiaed willi tile same meIbod OIl ideDtic:aI lest 
IIIIIIeriaI ill tile aamelllboiEliy by tile ...., oper ...... 
tile same equipmeal wiIbiD short iDIInaIa of time, III-act 
DOt be gn:ater'dIaa ,..,....,.,.Jity limit r aslbowa ia 'IIIbIe I. 

NOTES 
c-ion 
ProIoIlpd lIreaIhiD& of carbon disaJfide (CS2) VIpOIlI it 
lllil&aoos. Tbia soI_ ~ be ........ a.Iy __ __ 
dilioas wllich provide adequate -mJatiCIa, prefenllly 
I1IIdeI' a dIemicaI hood. 

NUMlEJIED NOlES 
I. I'riII*f __ ds _ IMIiIIIbIe from • c::.1w* l'np, 

lac •• P.O. Boll. 29S. IIlysi ••• MH. S6021. USA. 
1l:1cph<Mw (S07) 267-46119. 

2. 0IIce c:alibratioa IkII bave beea estabIi ..... IIIey 
should be c:beckcd paiodic:aJly 10_ tIIeir 'fIIidity. 
for bialJest quanIitIIM _ .. y ....... i .... w pri
mary or ..,. ...... y .ef&eace sbouId be......,.... .... 
IIIiaIy2.ed widi eacb JI'OIIP of ,lie., dIeD :. '*'. 
e_ tbat its a wed _1eftJ it iII,,11 Dlat 
willi tile kmwIIor ............... _ ....... 

3. InfniRd specliotJlten sIIoaId be C.I bid 10 __ 
tIlat!bey are oper'" widiiD.. L ..... 's .... 
Iisbed spedfi<'1Ilims CIIec:b sbouId iac:IIIidI! zi& ' II). 
aoise II well .. "' •• 'IiItI'ic: .. w •• :1 ... _ .. y. 

hplon 



SAMI'lING AND ANALYSIS Of COMM£RCIIIl fATS AND OIlS 

AOCS Official Method Cd 14-95 
....... 01 I ...... ' • R--", 1997 ......... 1999 

Isolated trans Isomers 
I n fra red Spectrometric Method 

DEFINITION 
Isolated InIIfS bonds in long-dlain fally acids, esIlmI and lriglycerides may be measumt by infiwed 
speclmmelJy. An absorption band with a lI18lIimum al aIIouI 966 cm-I (10.3 pm), arising &om a C-R 
deformation abo\It a traIlS double bond. is exhibited in the spectra of all compounds COIIIIIining III 
i.mated tmtu group. and not observed in the spectra of the eouespollding cis and salUI'IIb!d c0m

pounds. Measurement of the intensity of this absorption band under analytically c:CIIIU'Olled c:ondi
lion.. is the basis for a quantitaIiYe method for the delamination of isolaled trDlllf _ For hip 
~racy. common interfering absorptions a'lSOcialed with the glycerol bac:kbone of lriglyl:aides and 
the carboxyl group of fally acids must be eliminaled by COO'IefSiOll of these samples to their methyl 
esters prior 10 analysis. 
SCOPE 
This method is applicable to tbe accurate detennination of isolated tmtu bomIs in IWlIraJ or 
processed loog-dlain acids. esIlmI and lriglyc:crides with trtllfS levels ~I 'lit. It is not appIicaIJIe IX" is 
applicable only with specific precautions to fm and oils containing l81F..wties (over ''lit) of c0n
Jugated u_tiOll, such as tung oil; to malcrials containing functioul groups wbidI modify the 
intensity of the C-H deformstion about the 1m,.. double bond. such as castor oil COIIlllining ricinoleic 
acid or ilB geometrical isomer. ricinelaidic acid (l2-bydm~y-9-Gctadecenoic acid); to mi~ IIyc
erides having Iong- and sbort-cbain moieties, such as di .. «I. 1 rin; IX" in JI'lMI'II, to oy IIIIIIiI:IWs 
containing COOSIilUenlB which haw: functional groups whi<:h gm rise to specific aboorption ...... 
or sufficiently close to inlelfere with the 966 cm-I band of the C-H def()tllllllion of the isoIaled _ 
double bond. For accurate detenninations on materials with trtltu levels below 0" .... AOCS method 
Ce Ic-89 or Ce If-96 is 1eCOIlImended. For the direct ualysis of Iri&lycerides, Associalion of 0fIiciaI 
Analytical CbemiSlS (AOAC) method 965.35 is recommended. 

APPARATUS 
I. Infnued spec:tmmcter (Ff-IR or dispmiYe) capable of 

rnaIting measun:ments al 8 em-I teSOIution in the spec
InII I1IIIge COYering 1050-900 em-I. The i_'s 
data handling capabilities sbouId allow conversion of 
spectra to absorbance. scale expansion of the x and y 
axes. and teadout of wavenumbets to the nearest I _-I 
xnd absorbance to the nearest 0.001 A.U. Ff-iR spec
_ should employ TOS or DTGS deIectors to 
ensun: linearity. 

2. Infrared liquid samplin8 cells with NaCI or KBr win
dows and 8 fi~ palh-lenglh of I mm. For use in null
type instruments. pairs of cells matcbed to within 0.01 
absorbance unils are required. In splil-beam Iype 
instrumenls with botb cells filled witb tbe solvent. 
electronic balance of the two beams to within these 
limits should be _ined. 

3. \bIumeIric flasl<s Class A. 10 mL. 25 mL. and 50 mL. 
4. Pipets--Class A. I mL. 3 mL. 4 mL.' mL. 7 mL. 9 mL. 
5. Disposable Pasteur pipets for filling ofinftared cells. 
6. Analylical balance with a 6O-g capacity. capable of 

weighing 0.2810 an accuracy of ± 0.0001 g. 

REACENTS 
I. Catbon disulfide {~Hry. reagent grade (see Notes, 

Cautitmt. 
2. Primary .tandard.~Melhyl elaidate and methyl oIeale 

wilb purity of 99+% (see NOles, n. 

PREPARATION Of STANDAIDS 
I. Stock soilltimu. Wel8h accurately to lhe De_at 

0.0001 g. O.S & :t 0.01 & of methyl ehoidoole ~ • 2S
mL WIIumeIric flask. Dilute to WII.me with CS:r SlOp
per. and mix well. PIepan:. second soI1Itioa of meIhyI 
oleate as abnw:. Ptepue • 0.0020 sfmL stodt soIuIioII 
of melbyl elaidate by pipeuing S.OO mL of the 0.020 
sfmL methyl daidate stock soIutioa ~. !i6-mL ~ 
umeIric f1ask. Dilute In 'VOlume wilb CS:r stuppei. and 
mix well. 

2. I. " aM 7'lI> trans ..,tJlldllnI.r. Into 100mL wlalllellic 
flasks. weip to the _ 0.0001 g. the wei", of 
methyl oleate specified below to ± 0.005 .. Pipet the 
specified WIIorne of the 0.0020 sfmL methyl deide!e 
stock solution into each, then dilille each to WIIume 
with~. SIOppet'. and mix _II. 

Nominal 'lit trans 
I 
4 
7 

mL Elaid.re SolD. 
1.00 
4.00 
7.00 

g MdhyI 0IeaIe 
0.198 
0.192 
0.186 

3. 10. 30. 5(} aIItI 70'10 trans __ wh. From the 0.020 
s/mL stock soluti0n5 poepmed above. prepare • lei: of 
calibration solutions by pipetting the following !IpCci
fied volumes of solutions inlo JO-mL volumetric 
fla..b. Bring to volume, stoppel and mix well. 



SAMPLlN(; AND ANALYSIS {)F e<>MMER(]At FATS ANn ()ILS 

Cd 14-95 • Isolated trans Isomers Infrared Spectrometric Method 

Nominal % Trail., 
10 
30 
50 
70 

mL Elaidate Solo. 
1.00 
3.00 
5.00 
7.00 

CALIBRATION (See Notes, 2) 

mL Oleate Soln. 
9.00 
7.00 
5.00 
3.00 

I. For each standard solution. calculate the exact weight 
of methyl elaidate diluted in 10 mL of solvent. 
Analyze each solution and detennine lhe baseline cor· 
recled infmred a""orbance al 966 em-l as described in 
the Procedure and Calculalions sections helow. 

2. Trans 5,10%. Using a firsl-oroer regression analysis. 
detennine the slope and intercept of the line which best 
fil' Ihe plot of the bu. .. line corrected absorbance at 966 
cm- I lor the 1.4.7 lind 10% (roilS standard._ (y-axis) as 
a functioll of the grams of melhyl claidalc/lO mL of 
solution (.· •• is). 

3. Trans,. IO%. Repeat Slep 2 for the 10. 30. ~o and 70% 
tran .. standards. 

PREPARATION OF SAMPLES 
I. Solid fals must be melted on a steam balh and mixed 

before sampling. Sample. thaI appear cloudy due to 
presence of water should he treated with anhydrous 
sodium sulfate and filtered before removing lhe sample 
for analy~is. 

2. Convert 0.5-1 g of Ihe sample 10 methyl esters using 
AOCS method Ce 2-66. AOAC method 969.33. or other 
procedure which is appropriate for the sample type. 

3. Weigh accurately to the nearest 0.000 I g. 0.20 g :I: 0.0 I 
g of the prepared undiluted methyl ester. into II 10-mL 
volumetric flask. Dilute 10 volume wilh CSz' stopper. 
and mix well. 

PROCEDURE 
I. Set up the infrdred spectrometer opemting pammeters 

according 10 the manufacturer's recommendations to "'01-
leet infrared speclrd at 4 cm-' resolution covering the 
mnge from 1050-900 em-I. Conditions employed should 
be identical for samples and standards. (See Notes. 3) 

2. FiIT .<illgl,,-bt>am illstrument.f. Fill a dean infrared liq· 
uid cell with CS2 . remove any air hubbies. stopper. and 
place in the spectrometer's cell holder. Collect the sin
gle-beam ~peclfUm 10 be used as a reference (back
ground). Refill the clean cell with the sample solution 
and collect the single·beam spectrum of the .ample. 
Ratio the sample spectrum against the background and 
convert 10 absorbance. 
Far .rplil or dual·beam ills/rumellls. Fill a clean 
infrared liquid cell with CSz . remove any air hubbies. 
slopper. and place in the reference beam cell holder. 
Fill • second matched cell with the sample solution. 
remove any air hubbies. stopper. and place in the sam· 
pie beam cell holder. Collect the spectrum and convell 
\0 absorbance. 

CALCULATIONS 
With the spectrum of the sample scale expanded in the 
region from 1050-900 cm-'. dmw a baseline (XY) tangent 

P<lge 2 of J 

.8 

.6 

j .4 

.2 

o~ __ ~=-~~ __ ~ 
1000 950 900 

Wavenumber (em-1) 

2% /lanll 

1000 950 
Wavenumber (em') 

figure 1. Infrared spectra of methyl esters containing 70 
and 2% Ira .... 

to !he "feet" of the infrared absorbance hand at 966 em-' as 
demonstrated in Figure I. The points in a spectrum 
between which line XY is drawn will vary wilh peak 
absorbance. FOr accurate resull~. baselines must be dmwn 
the same for both samples and standards. For high Iron.' 
containing samples. the baseline should be drawn 10 the 
minimum localed at 985 em-i. Occasionally. this minimum 
may he absent and the point to which the bu..eline is dmwn 
will need to he estimated, 

Determine the baseline correcled absorbance of the 
absorbance band (AC) by subtmeting the absorbance of the 
bu._eline at the peak maximum (AB) from the absorbance of 
the peak al 966 em· I (AP). (The measured position of the 
peak maximum will vary with instrument and tmns level of 
the sample analyzed. The position of the maximum should 
he e.~tablished separately for each instrument with the 70% 
trans standard. This same position should Ihen he used at 
all ('Oncentralion,.) 

• 

• 
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SAMPliNG AND ANAlYSIS Of GlMMEltCIAl FATS AND (lIlS 

Cd 14-95 • Isolated trans Isomers Infrared Spectrometric Method 

From Figure I, 

Ac=(Ap-AB) 

Using the calibration data for the appropriate lran.o range 
($10'1> or >10'1», calculate the weight equivalent of methyl 
elaidate in the sample from the following equation: 

Methyl ~Iaidate mo... = ( ... __ intercept) I slope 
eqUIvalent, g • 'C 

Table 1 
An ;"rehllliGr.aJ udeilahotatary study completed by the 
AOCS ChnJmat""""" C_,,11Iee in 1995, comdinaIed by 
David Henry, in which 16 ......... tories participated. each 
obIainins two _ .-lis ..... each .... analyzed by '" 
p"" stalislltal .-lis determined by ISO 5725-1986, which 
are IUIIIIIIarized in the 1ioIowio'l table 

Me-I T,-I T,-2 T.-3 T,-4 T,-S Tg-6 
Labs aft.. IS 16 16 IS 16 16 14 
outlier.; 
Lab.. 0 0 0 0 2 
..,mow:d 
Value.~n 30 32 32 30 32 32 27 
Mean,,*, 20.2.1 6.09 L13 16.14 16.02 30.91 47.2S 
Known 
value.,*, 2 LIS 6.14 
S, 0.49 0.22 0.18 0.20 038 0.46 0.81 
RSD, 2.40 3.6S 13.86 1.21 2.38 1.49 1.71 
r= 137 0.62 o.so O~ 1.09 1.29 2.27 
2.8xS, 
S. 130 0.60 0.44 1.19 1.07 1.86 1.22 
RSD. 6.42 9.82 32.78 UB 6.69 6.03 2.S9 
R= 3.64 1.68 1.21 333 3.00 5.21 3.42 
2.BxS. 

Sample key for ToIIIe I: 
Me-I = Methyl elaidllclMetbyl_ with 21.15 .. ,,,,,,. 
Tg-I = Trielaidin in uro-tnm. peanut oil wi'" 6.14" ''''''. 
TI-2 = Canol. oil 
Tg-3 ='Shonen~ 
TI-4=,Blinddupl_ 
TI-S = Mouprine 
T8-6 = ..... fry oil 

Methyl ellIidaIe mos. • 

... 'lUllS as methyl elaidate = equivalents. grams X 100 
Sample mass. 

gnmsIlOmLor~ 

Report resull<IO the nearest 0.1 .... 

REPRODUCIBllm 
1be absolute difference between two single test resull<, 
obtained with the same method on identical test maIeriaJ in 
different laboratories with different operators using differ
ent equipment. should not be greater than the reproducibili
ty limit R as shown in 18bIe I. 

REPfATABllm 
Absolute difference belween lwo independent single: ""'t 
results, obtained with the same method on identical lest 
material in the same laboratory by the same operator using 
the same equipment within short interval. or time. should 
not be greater than repeatability limit r as shown in 1lIbIe 1_ 

NOTES 
ell/llion 
Prolonged breathing of carbon disum.1e (CS,) vapors i. 
dangerou. ... lbi.o solvent should he handled onl; under c0n

ditions which provide adequate ventilation, preferably 
under a chemical hondo 

NUMBERED NOTES 
I. Primary standard.< are available from Nu-OIedt-Plep, 

Inc., P.O. Box 295, Elysian, MN, 56028, USA. 
Thlephone (507) 267-4689. 

2. Once calibration data have been established, t"ey 
should be checked periodically to en.<UR: their validity_ 
For hisJ!est quantitatM IICCIIIaC)' ... precision, a pri
mary or oecondary reference should be methylated and 
analyzed with each group or SIIIIIJIIes. then cheded to 
ensure thaI its mea..ured 'nm.r level is in agreement 
with the known or eotabIished mean value. 

3. Infrared spectrometelll should be checked to ensure 
that they are operatiag within the manufactUler's estab
lished xpeciflCalions. Owx:k. should include signal-to
noise as well ... photometric: and _velength 1ICCIIIaC)'-

p~ luI' 



SAMPLING lIND ANAl. Y5IS Of COMMElICIAl FATS lIND OIlS 

Official Method Cd 14cf.99 
_1999 

Rapid Determination of Isolated 
trans Geometric Isomers in Fats and Oils 
by Attenuated Total Reflection Infrared 

Spectroscopy 

DEFINITION 
In most IIIIIUraIly occurril1& vegeIabIe fills and oil&, lIIIS8IIIIU!d COIIIIiIUelllll comain oaIy ;".1 II I. 
i.e..lIOIH:OAjugalied. double bonds in the cis confipl'llion. Tbese cis bonds may be ~bed 10 the 
/nIII$ configlll'lllion during exlnletion and processil1& proc:edurcs, due 10 oxidaIinn. COIlvasioii durin& 
healing. and/or panialilydrogellation. Animal and marine fills may contain -.able anDI_ of 
nalUl1IIly occurring _ isomen. lsoillled _ bonds in ~n fally adds, faIIy .:icI medlyl 
esten (FAMB). soaps. and lriacylglycerols (TAO) may be measured by inf'rared speclJosaJPY. An 
absooptioo band wMII a maximum of abour 966 em-I (10.311). arising from. C-H cIeformMion about 
a II'tllfS double bond. is exhibited in the specIJ8 of all compounds conIIIinil1& an isoiIIed _ group. 
This band i. not observed in the spectra of the corresponding cis and saturated compounds. 
Measurement of the intensity of this absorption band under ualydcaJly cnnIroIled ~ is the 
bssis for a quantitatiw medInd for the debmnination of IsoiIIIed rnnu_ 

A Fourier Iransform Inf'rared speclJomdeI eapabIe of operating at <4 em-I IeIoiutiaa. ec,1i)lfJOd 
with a TGS or DTOS delcclXll. and an aIIenUIIIId toIIII NfIection (ATR) inf'rared ceII_ n:quin:d. 
SCOPE 
This method is applicable 10 the rapid (abour S min) and IICCUIIIIc debmnination of isoied _ d0u
ble bonds in IIIIIUraI 01' processed oils and fills with _ .... equaJ 10 01' gneaIer than about 1.0.. 

It is _ applicable 10 fills and oils containing _ about ''lI> of _jugaIed u.-..uon. such .. 
IVI1& oil; 10 IIIaIeriaIs coatainil1& t\mcIionaJ groups wllidllIIIKIify the i.-ity of the C-H defoo._ 
lion abour the trans double bond. such as castor oil. wIIidI conIIIillS hydroxy groups; 01' in geaend. 10 
any materiak eontainil1& COIIIIituenlS with fimctional JlIOIIIIS thai give rise 10 speclftc absooption 
bands at 01' sufficientJy close 10 ilolelfae with the 966 em-I band of the C-H det'Oflllllioa of the Iso
IaIed rrtlllS double bond. For _rate dellmninations of malerial. with 1_ levels beI_ .... 
1.0'lI>. gas chromatography of FAME (q .. AOCS Method Co I f.-96. JAOCS 73:27S-2B2. 1996) is tee
ommended; GC lias also been the indusuy standard for the routine detennination offally.:icl cam
position. 

This method ~ires no weighing and 110 qlllUllillllive dilulion of TAO _ ....... in auy soi-. 

APPAIAWS 
I. Fourier 1I .. lSfurill infi.ed (FIlR) specllOlil C I [I~ 

bIe nf matil1& measutemeIIlS at <4 cnf" resolution in 
the specllal range covering 1OSO-900 em-I. The 
insaument dab! handling Cllplbilities should allow eon
IIImion of the spectra 10 absorbance. sc:aIe expansion 
of the lI. and Y _. readout of wavenumbers 10 the 
nearest I em-I and absodJanc:e 10 the nearest 0.00 I 
A.V .• and IntefIration of the area under the absooptioo 
band at 966 em-I. rn R spectrometer should be 
equipped with TGS and DTGS delcclOlS for greatest 
linearity. Willi 110 test sample on the al\ellUated _I 
reflection (ATR) aystaI (_ number 2 below), a I min 
data collection at <4 em-I resolution should yield an 
absorption spectrum between IOSO and 900 em-I, with 
a peaIt-to-peak noise JeveI ofO.OOOS A.V. 01' less. 

2. ATR infrared cell-with a zinc selenide (or equivalent) 
crystal. The capacity of the ATR cell should be about 

56 .... For the 966 cnf'1 ...... the signaI-to-aoiIe nIIio 
(SNR) in the 1OSO-900 em-I ruge mUlI .. _1 or 
exceed 10: I for a I'll> lriellidin test SIII'IIpIe. 

3. AnalydcaJ .,.lana ..,.tIle of weisllil1& 0.3 g 10 _ 
IICCIIl'IICy of ±O.OOOI g. 

4. ATR ac:cessory-capI of malntainil1& a constallt 
tempc_ of about 6S (~) "C. 

REAGENTS 
I. Prinwy standards: trielaidin (TB) and IlinJein (TO) 

with purity of 99'lIt (_ Numlleied Noles. I). 

PIlB'AlAlION OF STANDAIlDS 
I. Tnmr calibration standards: weigh acc:urateIy 10 the 

neateSI 0.0001 g. (0,3..x) g of TO. and x g of 1l!. into a 
100mL beaIcer. wIIeie x equals 0.0030. 0.0156. 0.0300. 
0.0600. 0.0900. 0.1200 and 0.1500 g in order 10 pre
pare I. S, 10, 20. 30. 40, and SO'lI> ImllS calibratioo 
standalds. respeclively. 

Page t 014 



SAMPLING AND ANALYSIS OF COMMERCIAl FATS AND OilS 

Cd 14d-99 • Rapid Determination of Isolated trans Geometric Isomers 

CALIBRATION (See Numbered Notes, 2) 
1. For each neat TEITO standard mixture, calculate the 

exact percent trans as TE per total TAO. Analyze each 
mixture and determine the integrated area under the 
absorption band at 966 em-I as described in the 
Procedures and Calculations sections below. 

2. Using a first-order regression analysis, delermine tbe 
slope and intercept of dle line wbich best fits the plot 
of the area of the Iran" band for all the trans standard 
mi.tures (y axis) as a function of % trans expressed as 
percent TE in TO (x axis). 

PREPARATION Of SAMPLES 
Solid fats must be gently melted and mixed before sam
pling. Samples thaI appear cloudy due to the presence of 
water should be treated wilh anhydrous sodium sulfate and 
filtered before removing the test sample for analysis. 

PROCEDURES 
I. Set up the FTIR spectrometer operating parameters 

according to the manufacturer's recommendations for 
using an ATR cell with the following paramelers: 
1050-900 cm- I range, 64- scan (or appropriate number 
of scans needed to give a peak-to-peak noise level of of 
0.0005 A.U. or less in Ihis mnge). 4 em-I resolution. 
and triangular apodization (if available). Conditions 
should be identical for test samples and calibration 
standards (see Numbered Notes. 3). For solid TAO test 
samples maintain ATR cell aI6S·C (:l:2"C). 

2. Using a disposable pipet. transfer about SO ilL without 
weighing (use enough material to cover the entire 8ur
face of the ATR crystal) of Ihe neat reference back
ground material; for TEITO calibration standard mix
tures. use TO as reference background material. For 
spiked (accuracy standards) lest samples. use the 
unspiked material for measuring the reference back
ground single-beam spectrum. For unknown test sam
ples, use an appropriate reference 115 background. for 
example, dle refined bleached SOUfCe oil for the materi
al to be analyzed (see Numbered Notes. 4). Place the 
reference background material on the horimntal (face
up) ZnSe sampling surface of the ATR cell (see 
Numbered Notes, 5). Collect and save the single-beam 
speclrum to be used as background. Clean Ihe ZnSe 
crystal by wiping off the TAO analyte with a dispos
able soft lint-free or low-lint tissue paper (see 
Numbered Notes, 6). Place the neat test sample (with
out weighing) on the horizontal ZnSe crystal. Collect 
and save dle single-beam spectrum of the lest sample. 
Ratio the sample single-beam spectrum against Ibat of 
the background, and convert to absorbance. Save the 
absorption spectrum. 

CALCULATIONS 
Wilh the absorbance spectrum wavenumber scale expanded 
in the region (rom 1050 to 900 em-I, integrate (electroni
cally) the area under the 966 em-I band between the limits 
990 em-I and 945 em-I. Calculate the linear regression 
equalion for area vs. % frans plot of tbe trans calibration 
standard mixtures. 

PaRe 2 of 4 

0.014 
0.012 
0.010 
0.008 

r'OO6 
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C 

1040 1020 

I I 
I I 

Ii I", 

I it 
1000 981) 960 940 920 900 

WAVENUMBBI! 

FiIlUN!' 1. ATII-FTlII spedr. in the ,ange 1050-'00 em-I 
showing the !166 em-I band attributed to isolated traM d0u
ble bond. for: (A) • 1 % trielaldin tIIandard. The siJlnal-t .... 
noise ratio in this ' .. was equal 10 16:1 under our experi
mental conditlont of 64 scans and 4 em-I retOhllion; (8) a 
10% Irielaldin standard; and (0 a test sample consisting of a 
blend of commercial veptable 011. and partially hydrogenat
ed soybean 011 found 10 contain about 14% trans fat, as per
~t of total fal. 

Using the slope and intercept generated for tran.v stan
dard mixture., calculate the % trans for test samples by 
plugging the value of the integmted area of dle lrans band 
in the following equation: 

DL MB .:.(a_rea_-_in_te_fC_ept.:...:-) -ro lrans 8S :: ..... . 
slope 

Report result~ to dle nearest 0.1 %. 

NUMBERED NOTES 
I. Primary standard. are available from NU-Cheek-Prep, 

Inc., P.O. Box 295, Blysian, MN 56028. 
2. Once a calibration curve has been established, il should 

be checked periodically to ensure that it hu.< not shifted. 
3. The performance of FTIR spectrometers should be 

evaluated for wavenumber accuracy and noise level to 
en.ure thaI they are operating within dle manufactur
er'. established specifications. 

4. TAG reference material ultra degummed bleached 
expeller soybean oil i. recommended (available com
mercially from Owensboro Grain Co. Owensboro. KY). 



_INCANOANAlYSlSOf~IICWFAl"SANOOIIS 

Cd 14«1-99 • Rapid Determination of Isolated trans Geometric Isomers 

5. The lII1aIyte must mmplete(v cover !he horizonlal sur· Pauy Acids in Hydrolenated Velctable Oils by 
face or!he ZnSe crystal. Allenuated Total Reflection InfJVed SpecU'OSCOpy: 

6. In order to minimize conlamioooon. wipe the ZnSe Two Umited CoIlabondive ShIdies. J. Am. Oil a-. 
cryslal with !he next test sample to be _Iyzed.. and Str. 7S:353 (1991). 
then clean !he c;ryslal. 4. Adam. M .• M.M. MOllloba. M. Cbcw. and S. 

Wasserman. Comparison of Attenuated Total 
REffRENCES Refleclion Infrared Spectroscopy 10 Capillary Gas 

I. Mossoba. M.M~ M.P. Yurawec:t, and I.E. McDonald. <lIromaIopapby for r_ fatty Acid Ilr:IIlrminadon. J. 
Rapid Determination of the Total 'trllU ContCllt of Am. Oil awm. Str. 76:375 (1999). 
Neat Hydrogcnaled Oils by AltenUaled Total 
Reflection Spectroscopy. J. A .... 011 Cltem. So<:. APPfNDlX1 
73:1003 (1996). Summary of SWislic:aI _Its. delamined by !he AOAC 

2. Ali. L.H .• O. AnlYai. C.M. Weaver. U. Rader. and AOACBUBR c:ompuler "OIl"'" for ... iIItmIaIionaJ col-
M.M. Mossoba. Detennination of Total (trlns Patty IabcJrraIWe ATR FIlR sIOdy mnong 12 .......... ies thaI_ 
Adds in foods: Comparison of Capillary Column ac coordiooted by Miebael Adam (Lipton, Balti-. MO) 
and SB·HATR Infrared Spectroscopy. J. Am. Oil and Mazdi M. ~(FDA. W~ DC). 
CIII!m. lit",. 73: 1699 (1996). The sIOdy IIlpoI1lI data for _ "IS of hlillll duplialle 

3. Adam. M~ M. 0Iew. S. Viarosermar .. A. McCollum. I.E. accuracy sIaIIdanIs thai weoe spiked with l-. _ of 
McDcnaJd, and M.M. Mossoba. Determination of tmas rmRS fat, and 10"rs or blind dupliade _lIIII'IIpIea. 

Tabl.,t 
PaIrs 01 ..... duplkale ac:curacy ......... 

Lab Aa:lta Ac:c2ib M:..Vc Aco1Id AcdIe AIodJIf Aa:71r. 

.- 0.93 1.08 S.12 10.13 15.40 2Q.16 4O..Yo 
0.80 1.14 5.27 10.17 15.42 19.97 43.30 

IWO 0.61 0.89 5.10 9.95 15.20 2Q.40 40.44 
0.64 O.IIS 5.14 10.24 15.07 20.50 40.37 

111_ 0.81 0.81 4.90 10.13 15_'17 2M1 40.41 
0.81 0.81 4.90 10.13 1S.37 20.113 40.41 

four 1.13 1.40 5.10 10.86 16.53 /S.W )1.07 
1.24 1_13 4.87 11.46 15.99 17.117" 43.63 

r"", 0.54 0.78 5.37 10.44 16.11 20.99 lUS 
Q.S2 0.69 5.40 10.83 15.86 21.01 :.1-'7 

six 0.74 0.1IS 5.15 9.53 15.61 2Q.S9 40..11 
0.95 1.23 s.29 10.21 15.18 2Q.4S 40.29 

seven 0.93 1.15 5.113 9.75 16.06 2Q.82 37.411 
0.97 1.15 5.11 10.01 17.14 23.70 38.02 

eiPl 0.84 0.99 5.02 10.12 IU3 2Q.22 19.96 
0.80 1.26 5.34 10.16 15_13 20.06 4O.S) 

nine 0.81 1.08 5.01 9.88 IS.51 19.79 )I.1J7 
0.15 0.99 5.00 IQ.S4 1S.03 19.56 39.22 

ten 0.07" 0.31 5.17 10.13 16.12 20.36 41.34 
0.111" Q.28 '-09 9.50 15.27 20.6.1 19.11 

el.- 0.84 0.90 5.113 11_13 IS.44 2.1.54 40.69 
0.78 0.91 5.38 II.IS IS.11 2Q.32 40.35 

_I'Ve 0.93 1.15 S.26 10.04 15.30 2Q.09 40.6.1 
0.94 1.14 S.26 10.37 15.2.1 20.09 19.47 

TRUE" 0.81 1.00 5.04 10.00 IS.0.1 20.00 19.'lII 
XBAR 0.8.1 0.97 5.14 10_12 15.61 20.6.1 40.08 

... 0.06 0.10 o.t2 0.31 0.34 0.93 1.40 

'it 0.18 0.28 0.16 o.s2 0.51 1.04 1.41 
RSD, 7.46 10.46 2.30 US 2.17 4.5.1 3.411 
RSDk 21.07 29.27 3.06 5.06 3.26 5.03 3.52 
r 0.11 0.28 0.33 1.03 0.95 2.62 3.91 
R 0.49 0.79 0.44 1.46 1.42 2.91 3.95 

"Single GrtJbbo· oollier 
"coc"""", outlier 
'tletermined .¥flIvimetrically 



SAMPUNC ANO ANAL YSlS ()f (XlMMERCIAl FA rs AND OILS 

Cd 14d·99 • Rapid Determination of Isolated trans Geometric Isomers 

Table 2 
Pain of blind duplicate lest samples 

Lab TSllj TS2Ii TS3Ih TS4IB TS5Jf TS6Ie TS7ld TS8/c TS'l1b TSIO/. 

one 0.75 n'!)6 39.93 n.32 4.99 14.79 1.39 28.72 19.77 1.73 
0.71 O.ll "n.12 0.35 4,83 14.94 1.49 28,64 20.19 1.84 

two 0,12 0.11 39.95 O,(X) 4.30 14.58 1.20 28.99 20,22 1.05 
0.12 0.13 39.92 0,00 4.27 14.M 1.23 28,86 20.20 0.96 

three 0.23 0.2.1 39,83 0,2.1 4.:1n 14.79 1.39 28,76 20.61 1.39 
0,23 0.23 40041 0.23 4.30 14.79 1.39 28.76 20.61 1.39 

four 0,81 O'(H) 40,32 0.32 4.94 15.00 1.82 29,86 21.67 2.12 
0,80 O.(X) 40.46 0.37 4.47 15,16 1.76 29.13 21.83 2.13 

five OJl7 O.(N) 40.23 (UX) 4,83 15,78 1.26 30.24 21.50 1.75 
O.!X) O.(X) 40.87 l),fK) 4,68 15.74 1.30 30.37 21.25 1.77 

six 0,28 IWO 39.30 O.!l!) 4.64 14.59 1,36 28.94 20.26 2.21 
0.41 I),(K) 39,24 o.m 4.69 14.45 1.61 28.85 21),47 1.81 

neven 0.64 0.66" 37.34 0.44 4.45 D.97 1.56 27.10 19.23 2,03 
0.64 0.66" 37.37 0.37 4.49 D.IIO 156 27.(16 19.10 2.05 

eight 0.53 Q,OO 39.85 0.00 4,66 14,49 1.38 28.74 20.00 1.89 
0.45 OJX) .W.75 O'(X) 450 14.40 1.41 28.97 20.09 1.85 

nine 0.44 O.lX) 39.lXJ O.IX) 4.43 14.19 L38 28,13 19.84 1.88 
0.40 O,IX} 39.82 O.lX) 4.37 14,33 137 28.15 19.83 1.85 

ten 0,00 0.00 41.42 !l,(X) 4.32 15.38 0.66" 30AI 21.60 1.00 
0.00 O.IX) 41.66 0.00 4.22 IS_'I() 0,66" 30,35 21.43 0.95 

eleven 0.48 (U7 :l9.14 o,m 4.17 13.75 1,48 28.50 19.81 1.84 
0.59 0,27 39.35 0,00 4,35 13,72 1.61 27.83 19,64 2.19 

twelve 0.91 (J,13 39.40 UX" 4,65 14.25 1.57 28.97 18.92 1.93 
0.80 O.ZY 35.48 0.63· 4.78 14.52 1.83 25.15 18.05 2.23 

XBAR 0.43 0.09 39.59 1),12 4.53 14.M 1.47 28.73 20.26 1.74 

" 0,05 O,OS !l.84 (),(12 0.12 0.119 O.l19 O.BI O.2l n.B 
sR 0.30 0.12 1,34 !l.17 0.24 !l.59 n.IS 1.19 0.96 0.41 
RSD, 11.11 55.88 2.12 16.25 2.72 0.62 5,87 2,81 Ul7 7.39 
RSD. 68.35 133.46 3.38 143.15 5.32 4.00 12.35 4.15 4.74 23.69 
r 0.13 0.14 2.35 O,OS 0.34 0.25 0.24 2.26 0.61 11.36 
R 0.83 0,34 3.75 0.48 0,67 1.64 (1.51 3.34 2,69 1.16 

tlSingle Grubbs.' outlier 
"cochran's outlier 

I'or tesl samples. the reference background malenal gackground material was cold-pressed bleached degummed 
was ultra-degummed bleached expeller soybean oil soybean oil (Liplon). 
(Owensboro Grain Co.). Tesl samples consisted of a com- The stali.tical parameler.: 
mercial vegelable oil (namely. soybean oil. rapeseed oil. XBAR. the overall mean of the laboratOl)' values 
palm kernel oil, cottonseed oil. or sunnower oil), partially sir). repeslllhility standard devialion 
hydrogenated soybean oil. or lhe IlIlme oil (or a blend of s(R). reproducibility standard deviation 
two oils) mixed wilh partially hydrogenated soyhean oil RSD(r). repeatabilily relalive standard devialion 
(Lipton. Baltimore. MD), RSD(R), reprnducibility relative standard deviation 

Accuracy standnrd.~ consisted of cold-pressed bleached r. repestabilily value = 2,8 sIr) 
degummed soybean oil spiked with trielaidin; the reference R. reproducibility value '" 2.8 s(R) 

• 
Page 4 of 4 



SAMPlING ANO ANAlYSIS Of VEGFrAlllE OIl SOllIlCt MATEIW\I.S 

Determination of Chlorophyll Content in 
Rapeseed/Canola (Colza) by Spectrometry 

DmNntON 
1'his method.. adopIed from ISO lOS 19 (RefeJellCeI. I), defines die cIaIonJpIIyll_ .. die UlaI of 
die subsIances conlributiDB to die 8bsorpIioII band .... 66S am as dt:Iet IIIiued __ die ..... ..... 
condilions specified in dIis meIbod, m r. Oied as c:IIIoropIIyll a and MpRSSed in miIIi .... per tiJo.. 
gl1UII <mWkI> of die prodPct as n=ived. The dlioroplyll content of die rlllHm:lkaaola (colza) is 
determined by e.x1i'lClion of a test podiOII in a suilable....".... willi • soIUIioo of edImoIlIId isooo
I8IIe, 01' 2 ..... 0pan01, medmtol and i_H, followed by die specliOindric dt:Iet mitllllio::lD of die 
cIaIonJpIIyU contained in die exlJ'adiou solution. 
SCOPE 
1'his medtod specifies • l>jlCCIIOiiiClrk: medIod for die determination of die dIIooop.yU _ of 
rapeseed (colza) used as an illdustrial raw llUllerial. 

APPARATUS 
UsuallaboralOiy appanuus and, in pu1ieuIar, die followill8= 

I. Analytical balance. 
2. Mccllanical grindcr-blacle Iype. or coffee mill, or 

equivalent. 
3. MeclaUc:aI microcrincler (see Fig. l)--staioless steel 

tubes of approxilllllely SO-mL volume and whic:b can 
be sec:wdy srowered. Slaioless steel ball bearings (16 
mm in diameter) and an app.ralus 10 sbake tbe 
sec:wdy SIOJ4leIed tubes borizmIIIlIy at • fKquency of 
240 min-I. willi a borimn!al dispIaceI_ of 35 em. 
or, for example. a Dangoumau ball miD <see Noles, I). 

",-,--- ,.-----------
Sill 5 ..., 
-.ngs (16 _ cia) 

-, - - ... 
I' \ " \' \ 

_..l_ \ I \ I! , , 
,-----~-~-~-~-~-~---~ 

4. Filler peper....-.dimn speed. V-folded. 
S. SpectronWlm'-suitable (01' carryiag oat absorbance 
__ between 600 and 700_ willi a specII8I 
band pIIb of 2 am. If die spectt .. _ is DOl ... to 
~ a specII8I band widIb of2 _ it is _ F Y to 
carry out • calibration willi pu ... cblorophyll a as 
described in NOlI!$, 2. 

6. Optical CIMlIIm-IIavin&. paIb lengIb of at Jeast ].0 em. 
7. Pipets-30-mL capacity, class A, or a repetitive 

dispenser willi a crpability of dispensing 30 mL willi an 
accuracy of <191>. 

8. Culture tubes-20-mL crpacity. willi stoppers. 

REAGENTS 
The ........ used for die JHepa .... of die exancdaot s0l
vent sbaII be of teC08Dized anaIyIica1 grade unless 0IIIer
wise Slated. 

I. &1ncIion soI_" p:paed ar fbIIoorIs: 
'I'nmsfer to a SOI).mL beIIbr ~ 
<a) IOOmLofanbydl .... dhmoI .... 
(b) SO mL of anhydrous 2-propanol IIId SO OIL of 

anbydiOIIIlndhmol. 
2. Add to die 00i_ of die baIIr.er 300 ..... ...,.._ 

.01 $ ('2.2..S-IIi" ..... '\»··«).« • I . 4. Ii. 
or peaoIowu ether (_ 'WIy OOinp:wl of C7 bychcaa
boDs, with alloiling .... .,..1 ... !lO and lOO"C). 

PIlOCEDUIIE 
I. Samplilll to oIKain die labonwry sample ud dae 

teducIioft of die Iaboi_y .... (ar ,e ..... ..... 
separation of itliJIUilliea) to die _ SIIIIIpIe ..... be 
c:anied _ in _dIDI:e wid! MC ..... Slllldrrdized 
1eCI .... 1e1 and willi l1l)I .... ..-. ..... '11_ 

2. Seeds willi • II'IIUme _ of >105 (wIw) ....... 
be dried for 12 br at 4SOC to.m.ce die ....... IIM:I 
to 105 (wIw) ... less wiIhIIIIt 'bnatiaa ...... c:hIoIO-
pllyUN-* 

3. TraIIsfer SO I of die _ sample to dae ... buical 
grinder (Appwatus. 2) and piad to podace a lllllibm 
ground ..t If a liliiii grincIer .... as a CI6e mill is 
used. grind several piHlious of 10 I _ dice alii I' Ii! 
and milt dlllftlUllbly die ground piHlioui. 

4. Pcc- die IeII portion. weip, to die _ 1 ... 2 I of 
die test -.pie (Ptocedaie, 3) ~ die .... W:. ... 
lube (Apparatus. 3), or lIIe e1ttractioa _I of a 
~ ball miD (AppM-. 3). 

S. Pcc- die extncdon of die ... porIiIm add, -. • pipeI 
(AppnIus. 7), 3O ..... dleexalLli .. ouohal(ll C lIE, 
I and 2) to die tulle or ~ ]( -. a .. add dIn:e 
Slllitdtss -' balls to die tube (Fi&. I) and ... for 1111: 
Pcc- Dqoumau ball miI1s, add SII!d balls (at IeIst !bur 
medium-sized balls) to die vessel and extrIId fur 20 min. 
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SAMPUNC; AND ANALYSIS OF VEGETABLE Oil SOURC£ MATI:RIAlS 
Ak 2-92 • Chlorophyll Content in RapeseedlCanola 

6. Allow the extract to settle for 10 min and then decant a 
sufficient volume of the extract through the filter paper 
(AppIUlItus,4) into a culture tobe (Apparatus, 8) to fill 
the optical cuvette (Apparatus, 6). Sropper the tube as 
soon as possible to minimize evaporation. 

Note-The pteseoce of more than one phase in the 
extmelion solvent indicaleS the presence of excessive 
moisture, either in the sample [which should contain 
< 10% (w/w) moisture] or in the solvents (which 
sbould be anhydrous). 

7. Transfer the filtered extract to the cuvette (Appamtus, 
6) and determine the absorbance al 665, 705 and 625 
nm (the readings at 705 and 625 om are used to calcu
late a baseline correcIion). 

CALCULATIONS 
I. The chlorophyll content, in milligrams per kilogram 

(mglkg) of the product as received. is given by the 
formula 

kxA xV 
chlorophyll content, mg/kg = """I 

mx 
Where-

A (the corrected absoIbance) = 
..",. A665 - [(A705 + A625)12] 

A665 = absorbance at 665 om 
A 705 = absorbance at 705 nm 
A625 = absorbance at 625 om 

k= 13 
I = path length of the optical cuvette, in cm 

m = mass of the test portion, in g 
V = volume of solvent added to the lube 

(Apparatus. 8), in mL. If il is desired to 
express the chlorophyll content relative to the 
dry product, take into account in the calcula
tion the water cootenl of the sample. deter
mined in accordance with ISO 665. 

PRECISION 
I . Repeatability-The absolute difference between two 

independent single test results, obtained using the same 
method on identical test material in the same laboratory 
by the same operator using the same equipment within 
a short interval of time, should unt be greater than the 
following values: 
(a) chlorophyll content between 10 mg/kg and 20 

mgIkg. mglkg = 2 
(b) chlorophyll content between 20 mg/kg and 30 

mgIkg, mgIkg = 3 
Note~Values are not fixed for chlorophyll contents 
below 10 mglkg because the industry accepts a content 
up to 25 mgIkg. 

2. Reproducibility-The absolute difference between two 
single leSt results, obtained using the same method on 
identical test material in different laboratories with 
different operators using different equipment should not 
be greater than the following values: 
(a) chlorophyll content between 10 mg/kg and 20 

mg/kg, mg/kg = 3 
(b) chlorophyll content between 20 mg/kg and 30 

mg/kg, mg/kg = 6 
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Note-Values are not fixed for cblorophyll contents 
below 10 mg/kg because the industry accepts a content 
up to 2S mglkg. 

TEST REPORT 
1. The test report shall specify the method used and the 

results obtained. It shall also mention all operating 
conditions not specified in the method. or regarded as 
optional. logether with details of any incidents which 
may have influenced the results. 

2. The IeSI report sball include all information necessary 
for the complete identification of the SlIB,Iple. 

NOTES 
Caution 
The solvents used in Ihis method are flammable liquids 
with low flash points. These solvents may defat (dry out) or 
irritate the s!do, eyes and mucous membranes. Consult the 
appropriate manufacturer's material safety data sbeets. 

When handling solvenls, use protective eye wear, 
gloves and aSiatic-free (nol polyester) laboratory coat. 
Handle the solvents in a well-ventilated area (preferably a 
fume hood) away from beat. sparks and open flame. 
Conduct bulk transfers of the solvents in a fume hood. 'Thke 
care during transfer. as the liquids are nonconducting and 
may generate a stalic charge. Store large volumes of sol
ventS in a cool, ventilated location. Separate from oxidizing 
material. Isolate from other combustible material. 

Diethyl ether may form organic peroxides during stor
age. All organic peroxides are extremely flammable and 
unstable (explosive). They are hazardous because of their 
extreme sensitivity to beat. friction, shock and light, as well 
as to strong oxidizing and reducing agents. Store diethyl 
ether away from heat and light in closed vessels. preferably 
in the container furnisbed by the supplier. Containers of 
ether sbould be labelled with the dates received, opened 
and of expiration. The contents should be used within I 
month of opening. If a bottle is several years old. or if there 
is any visible solid around the cap, then no attempt should 
be made to open it. 

Used solvents shall be stored and disposed of in aceor· 
dance with local regulations. 

NUMBERED NOTES 
I. Dangoumau ball ntill is an example of a suitable appara

tus available commercially. This information is given fur 
the convenience of users of this method and does unt 
constitute an endorsement by AOCS of this apparatus. 

2. Calibration for routine operation on spectrometers 
unable 10 achieve a spectmJ band width of 2 nm requires 
the preparation of solutions of pure chlorophyll a. 
followed by the determination, using these solutions, of 
the slope of the calibration curve for the spectrometer. 

Reagents 
(a) Diethyl ether-of recognized analytical grade. 
(b) Chlorophyll a-standard solution (Sigma 

Chemical, SI. Louis. MO, USA). Place about I mg 
of crystalline cblorophyll a of at least 95% purity 
in a 10-mL volumetric flask. dissolve in the diethyl 
ether and make up to the mark with diethyl ether. 

1 
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AJlPIIflIIUS 
Ca) SDipectJ"""''''..,_ ... ",,'-O!her dwI die unk 10 be calibn11cd, 

suitable for carrying out absortJenee measumnents 
between 600 and 700 om and with a spectral band 
width of < 2 nm. This instrument is ""JIlired 10 
delennine die conc:entration of chloropbyll a in die 
standard solution. 

(b) Micropipe~apable of delivering 0.200 mL. 
0.400 mL. 0.600 mL. 0.800 mL and 1.000 mL. 

Ce) \blumetric flasb-UHnL capacity. 
(d) Wnmng specbOii_-i.e., a spec....;.".bMOII .. /Ie .. 'teI' ocher 

dwllhat specified in NOleS, 2. Apparatus <a). for 
which a calibmion is desinld. 

CaJiInIinn 
<a) Th dldetei_IIn>UiIC!ne die chloropbyll a content in die stan

dard solntion. transfer 1.0 mL of die chlonlphyll a 
standard solution (NOleS, 2. Rea ...... (b)) 10 a II)
mL volumetric fIasIt (NOleS, 2. Appmdus. (e)] and 
<IiIu", 10 die marl< widl die diethyl etIIer (NOleS, 2. 
Reagents. (a)]. Measu", the absorbance of Ikis 
solution using the spectrometer (NOles. 2. 
Appmdus, (a)J at (j(jO mil (peak waveIengIb) and 
642.5 run. using a I.o-cm CUYflIte and a spectral 
bud width of 2 om. 

(II) c;:aJcu1ate die concentration of die chlorophyll a. 
mgIL. in die standard solution using die formula 

0II0r0phy1l a (mg/L) = (99.3 x A6(,O) - (7.8 x A642.5) 

Whae-
A6(,O = absorbanc:e of die standard chIonIphyll a solu

tion at (j(jO nm 

5M4f'lIN(, AND ANAlYSISOf' \I£GfT~ 011. SOURa MI\~ I 
Ale 2·92 • Chlorophyll Content in RapeseedlCanola 

AM2.S " absortJenee of die -.t.Id ddUlophyU a sol. 
tion at 642.S om 

N_ The factors used for the del e mj ....... of 
chIonIphy\I a (99.3 and 7.8) _ cJemed "'- die r.c.n 
pubIilIhecI in Refaa-. 2. The r.:..s 9.93 and 0.171 
from !his soun:e are adjusted for a II)-row cIiIutiooL 

Pleplration of die CaJiIJntioo c-
Cal To a series of five 10.o-mL ~ fIasb, add 

0.200,0.400.0.600. 0.800 and 1.000 mL of tile 
standard chlorophyll a soludOll (Notes. 2. 
Reapnts (Ill). the coooentratiOll of which was 
calculated in NOleS, 2. Calibntiaa, (b). Fill tile 
flasks 10 die mart .. ilk tile eldnlCtiou sot.ent 
(Reagents. I and 2). 
Mn_The small __ of diedIyI etIIer in ibeae 

soIntions do not inlelfeno sipi&.ly wid! die dI:II:r
minatinn. 
(h) Measure the corrected absorbance A 

(Calculations, I) oflheae cahlnlioa soI ..... ::I 
plot !his &pins! die COIlCIeillilllioa of ddUlGfIIl)IIa 
in die solutions. The slope of the ClInIC !bus plot. 
ted is the constant k. in mJll,.. per corrected 
absortJenee. 
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Determination of Chlorophyll Pigments 
in Crude Vegetable Oils 

DERNmON 
The ~ of cbloropbyU pi~ in \ , lable oils is..... ,_ .. of ....... ytia. in J 1'1 of oil 
SCOPE 
11Iis medIod delamiMs kIIIII ~ pipw"s, apascd .. ~Iiu .. in cndc i g '. 
oils. The medIod is suibobIe for IJJe deIa"'i" .... of quqlilics or ~ p;p .......... I 
mtIk& (I ppn). The c:IIJoropI1yll piw'lI!IltB lie delamiacd by -me IJJe ~ at 610 -. 
conecliuSIJJe msuIt for IJJe bacqrouDd 1bsoJptioa. lIIIII aJcuIatiII& IJJe _t willi ... of IJJe 
Ibs4JqIIirity or ....... ytia .. which is 1JJe..m cbloropbyU piamentin c:mde. egll'" oils. 

AlPAlARIS 
J, Sf.ec::tiophotomelior a1lowiag IJJe _I in IJJe 

JlIIIlIe of 630-71 0 lUll. 
2. Glass ~ce&. with lipl pad! ors mm 

IIId 10mm. 
3. Glass funneI.-..dWoeI40-60 mm. 

PkOUDURE 
I. The sample is bealed to • tempeaaruae DO min .... 

SOC bist-dlu IJJe mehiag point or IJJe SIIIIIpIe. if IJJe 
SIIIIpIe is solid at room rempaaruae. The tiquid sample 
is mixed mc.ousbly. lIIIII if it is torbid. it is flltaed 
i-'iwtrJy prioI" to IJJe analysis, usiag • fiJIior JIIIIICI' 
or IIIIOdiom poIQIIity. 

2. The sample is ____ at 630 l1l1I, 670 _ lIIIII 710 
nm in. S mm or 10 mm speclropbotnmelll:r cell 
(AppMaIIIS, 2) apiDst air J1IIher diu •• ef .. ll:l1Ce .... 1. 

CALCUlATION OF RESULTS 
I. The COIIfCIIl or cbIoropbyIl pi ...... is t!XJlRSICd in 

!III of pbeopIJyIiu .. wbicb is calculalild .. follows: 
<A.,. - o.s x A.,. - 0.5 X A,.J 

C=34S.3x L 

When-
C = __ or c:hloropIIyU pjp Dli .... of plIeD

pbyIiu a in I 1'1 of oil; 
A = aIIaodIace at IJJe n,specD": .......... <_); 
L = 1i&fJt pad! of the 1IfM'dl ..... * ...• , cell (an). 

'IIEOSION 
J. Ret_ "Fifity. apascd by die ooefGe ..... 01 ywj ...... 

RSD, is-O.4 at high cmcena .... of chIoIlIIpIaJII N-
meats; 1.0 at modei .... _ .... of ddulopIIyU 
~: lIIIII 1.4 at low (0'" II:IiI, .... of chIoIophy. 
pi~ 

2. ReplodiJcibility, ..... ~ by IJJe • l'IOm ' , of ... 
tioa. aso.. ill-1.3 at bip COIIUW,"" of dIIaro
phyll pismeJlts; 3.S at JDOderate C:01ICeIItraIioII of 
c:bIoiqJIIyU ~; ... 6.0 at low 'IM • , ...... of 
c:bIoiqJIIyU pi&mcuIs. 

It&HINCt 
I, IteIuIts of IJJe IUPAC 0 ........ 011 Oil&. ........ 

Dc:ri1IIIIiva coIl",.wati..: I1IIdy for IJJe J I ' '118 of 
ddoiopbyIl ~ in aude ~ g I .... oils, ,.",., • 
AppIWOo"Wrry67{IO):I781 (199.5). 
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SAMPliNG AND ANAlYSIS Of COMMBICIAl FATS AND OIlS 

AOCS 0ffidaI Method Cc 1-25 
, Ii twedl997 

Melting Point 
Capillary Tube Method 

DERNITION 
The II8IUIaI fats and oils, thai is, diose of IIIimal and ~q""ble origin. Me .mx-of JIIjCl:lidN and 
a number of other ...... COillflOll"lllS (pigmems, SIerOIs, tocnpl.erols, eII:'.), TIley do not edIiIIit eiIIIer 
a cIetiJtim or sbup mellilll poiDL The .. ,"".o, !he _ "me1liD& poilll" does not imply !he _ c:UF
acteristic:s dial it does witb puRl subst'_ of. cIetiJtim CI)'lIIaJline IIIIIIIre.. FIlS pus ......... sta&e 
of p!lduaI softenilll before !hey become IOIaIIy liquid. The meIIiD& poiqt lMia.t be defiaed by !he 
specific: c:ondilions of !he medIod by wIIidI it is determined and, in this caae, it is tile tempea_ Ii 
wIIidI!he sample beCOInes Q wllplelely clear and liquid. 
5(01'£ 
Applicable to all normaIllnimai and vqetable fats. 

APPARATUS 
I. MeIIiD&-poiqt tulles ljlillary sJM$liibing. i.d. J mm. 

o,d. 2 mm maximum. _ient length SO-SO lOllI, 

Available from KooIes, Vineland. NJ. USA. 
2. Thennometer-range -2-68"C or -2-8O"C (AOCS 

Specification H 6-40 or H 1-45. respectively). wbkh 
should be calibrated against a National Imtitute of 
testing uaceabIe the! RlOOnelm, 

3, Glass beaIrl:r-600 mL. 
4. Heat _Iectric bot plate willi rheoiIlat control 

(_Notes, 1). 

PROCEDURE 
I. Mell the sample. and filter IlIrougll filler paper to 

R!nIIMO BUY impuritiea and !he last traces of 1IIIlistuno. It 
is essemiaIlhil tile sample be absoIuIely diy, 

2. Dip. least dIRe dean atpillary tubes in !he coor,Jet.1y 
liquid sample so !hat !he sample rises about 10 mm 
high in !he tubes. Fuse tile end of!he tube (whIR tile 
..... is IocaIIed) in a SIIIIIII flame, taking CMe not to 
bum !he fat. 

3. PI_ !he tube in a beakeo- and bold in a nofrigerator 
(see Notes. 2) at 4-IO·C for 16 IIr (may be done 
ovaalgbt). 

4. Remove !he tubes from !he leliigetator. _ aIIaI:h witb a 
ruIIber IIud or by BUY suiIaIIJe _ to !he diet..... ' 

so 111M die low« ends of tile ......... poirIllIIIII:s __ 
witb!he IIoaom rI!he _y ""'rI!he ....... _ ..... 1ItI: 

5. Suspend !he tben_1Ctei ia a 6OO-mL beakeo- !hat is 
about lIaIf-fiIlI rI cIar disIiIIed _ The IIoaom of 
!he !hermometer is immersed ia !he _ter 10 tile 
immelainn -t. 

6. Adjust die -ung IIaIh It lfJCi- 110 8-1O"C ~ 
!he mellina point of die sample Ii die h.'. 'Ie of die 
lest. AgitaIt !he waterllnlh witb allDlll_ of"or 
OIlIer suitable -.1IIId "IlPIY ... '-110 inigCIII_ 
!he WI lIii......-e Ii die _ of05"Clmia. 

7. FIlS usually pus 1hrowgII_ ~ .... befcn 
meIIiD& uW11I1elt1y. The kIlisc is c.·" II UIIIiI!he 
rubes are completely clear IhIoapo.t. Obsene ..... 
temperaiUre at which each tube lleco_u clar .... 
calm .... !he a-. of alIlIIbeI. ItauIIs tIIowId .... 
within OS'C. RqIort dIis _. 111 !he 'ne .... poiaI. 

NO'fIS 
I. A waterllnlh willi dw:idiJSI I JUY be .... for c:IosIiI' 

1lii11pll_e COIIIIOI. 
2. The ample _ be t:'4lIl, I = Illy Iiqaid .... tIie 1IIbeI 

ue placed ill tile JeIii ......... 1t is auod ........ 110,.. 
!he ends of !he tubes , .... ina"'" ample .... ._. 
iIy duougb !he IIamc jusr befofe !hey Me .... 110 !he 
,d·CelidOf, 
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SAMPlINC AND ANAlYSIS Of COMMfRCIAl fATS AND OIlS 

AOCS Official Method Ca 15-75 
___ '997 

Analyses for Chromium, Copper, Iron and 
Nickel in Vegetable Oils by Atomic 

Absorption Spectrophotometry 

DEFlNmON 
Vegetable oils dissolved in medlyl isobutyl kerone (MIBK) are anaIy7.ed f« ~ by dirc:ct aspita
lion. Calibration is based on M18K solulions of OIpnomelailic: reference COIIIfIOIIIIds soIubiIi2M in 
purified vegeI8bIe oil. 
SCOPE 
This mcdIOd ill inlellded for !he analysis of crude or panlally refined • 8!llb1e oils .... COIIlCain • 
Jeast 2.0 ppm of each measured meIaI in !he form of oil-soluble derivati¥es.1fardened oils and ani .. 
fats have limited solubilities in M18K and. even at reduced solute ...-.ions, !hey Jadily foul 
!he burner. For Ihese reasons Ibis mediad is not recommended for such SImples (see Nola, I). 

AOCS MeIbod Ca 18-79 has a lower deta:Iion limit (O.IIDI!Ik&, «0.1 ppm. for an illdividaal meIaI) 
as opposed 10 2 mglkg. «2 ppm. for AOCS Melbod Ca 15-75. Then,m. when lower 'I It ctioo Jim. 
ilS an: required. as in !he case of COIIInICIuaI trade meIhods. AOCS Melbod Ca 18-79 should be used. 

APPARATUS 
I. A~ absorption specIrOphoIometer-air-acelylene 

lami..-.flow burner head and appropriate hollow caIh
ode lamps. 

2. Desic:cator--mins fresh p/IosphOIus ~xide. 
3. Weighins boUIes 16-15 mL.. 
4. Hot plate-wilb rheosIat IeIIIpIlnIIIUe COIIIroI. 
5.0-. 
6. Beakers-2S and 100 mL.. 
7. \bIumeIrie flasb-2S, SO and 2SO mL.. 
8. FoIyedIyIene bottIes-(,O and 120 g. 
9. PipdS .............. 10 deliver 5 IUId SO mL.. 

10. Balance-top loadi., soo.& capacity wilb :dI.O I & 
sensiliYily. 

II. BalaDce-analytical, 200-g capacity wilb :dI.OOO I & 
sensiIiYiIy. 

REAGENTS 
I. OIpilOlllltfallie ___ ds NaIionaIlnlllibile of'Je:stins 

(NIST); Conooo. (Ponca Oly, OK)« equi ...... 
ea) tris(I-P-Yl-I,3-but .... diono)cbromium m. 
(b) bis(I-phenyJ..I,3-bubuICdiono)copper ll. 
ee) tris(1-ph&:IlyJ..I,3-buIanediono)iron m. 
Cd) NickeI~. 

2. 4-Methyl-2-penI81lOH (melhyl isohutyllr.etone, 
MlBK)--mIpIl pille. 

3. Xylene , 8 II pille. 
4. 2-EIbyIIIoeunoic acid-tea&eot gIIIde. 
5. 2-l!dtylhexylamine :c::cc>:t gIIIde. 
6. Purified .egdIIbk: oil (base oiI)-Com or $OYbeaiI oil 

containins not _ dian 0.02 ppm Cr, Cu, Ni or Fe 
can be JIIepaied by distilling a Iow-ash refined oil on a 
.-u.&-dislr. molecular still, ~ns !he first and last 
IS'll fnIctions. 

7. Fresh desiccant--Calcium chloride is not reeom
ITIeIlded. See AOCS Specification H 9-87. 

PREPARATION Of STANDAIDS 
I. Ouomimn stocIr. Slaildallt, 100 pft-Dry IIIOIIl 6.1 & 

tris(l-phenyl-I.J..hntanedinno)cbromium m I IIr aI 
IIO'C. Weigh 51.6 l1li _ • 25-mL ........ add 3 mL 
xylene, add 3 mL 2-elbyD'C'··" acid -.I _ 0lIl hot 
pIaIe without refluxin& swilling on .... 1IIJy III1IiI ... 
dissolves. Lel cool m 8.' 'm 'nandtrri'" m ..... 
60-& poIye1byIene boule. rinse beaIra' wifII five S-mL 
poniotlS of'-oil, hrin& !he. • 6 m SO mL willi '
oil, cap willi ninop:n. mix -.I _ in • cool ••• ion 
SIandad solution should beaallle for at ... 6 ........ 

2. Copper SIOcIr. SWIdInI. 100 P&fg--I.)Iy ... 0.05 I 
bis(11'henYl-1.3-'-.. ....,)capper II 30 ... at IIO"C. 
Weigh 30.3 l1li _ a 2S-mL ........... 2 mL ~ 
add 2 mL 2-e1by1hex~ -.I _ 0lIlil0l: pille w-.. 
0lIl1 n:CIuxing. swilling _ -...ay III1IiI salt disaJhes. 
Let cool m aml>ient. .......... IOIudon 10 • tared fiO.& 
poIydLl- botde. rinse ...... with me 5-mL .... Iioos 
of'- oil, hrin& die ..... 610 SOmL with '-oil. cap 
with t ...... ~ mix and _ in a cool ....... SIli_d 
solution should be SIIIIIIe for at leal!; 61111l111ths. 

3. lion sIOCIt staudacl. 100 NfB-llry IIIOIIl 6.1 I tris(1-
pllenyl-1,3J ....... OIO)iroD m for I ... at 100"C. Wei8h 
48.6 l1li _ a 2S-mL ........ add 3 mL syIra. ... 3 
mL 2~ acid and .... 0lIlil0l: pille wiIhout 
n:CIuxing. swilling Qi N' ollllJy III1IiI salt diIIohes. Let 
cool 10 ambient. 'nandtr .-•• 1 lD a IMed fiB.a poly
e1byIene botde. rinse ....... willi me 5-mL .... Iioos of 
'- oil, hrin& die .'. . 10 SO mL with '-oil. cap 
wiIb niIropt. mix -.I _ ilia cool kuIion. SIIndad 
solution IIIoaId be aaIIIe for at ... 6 iiIOIIIIhs. 

4. N"1Cke1 stocIr. standIfcI. 100 113'8 D si •• IIIOIIl 0.05 
nickel cyclollc:x_ boIy,. (13.119')(, Ni) for 48 ... __ 
p/IosphOIus penlOXide. Quickly weigh 36.0 'R8 inIO • 
2S-mL beaket. add 3 mL xylene. add 3 mL 2-dltyl
hexanoic acid and warm on Ilol: pIaIe wiIboot idIaxi:ng. 
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SAMPUNG AND ANAl VSlS OF COMMEROAl fATS AND OILS 

Ca 15.75 • Analyses for Chromium, Copper, Iron and Nickel in Vegetable Oils 

swirling occasionally until salt dissolves. Let cool to 
ambient Transfer solution to a tared 6O-g polyethylene 
bottle. rinse beaker with five 5·mL portions of base oil, 
bring the contents to 50 mL with base oil. cap with 
nitrogen, mix and store in a cool location. Standard 
solution should be stable for at least 6 months. 

5. Mixed stock standard, 20 Ilg/g Cr, Cu, Fe and Ni
Weigh carefully by additions into a tared l2Q.g bottle 
20 ± 0.02 g each of the 100 )!.g/g Cr, Cu, Fe and Ni 
stock standards. and 20 ± 0.02 g base oU. Purge with 
nitrogen, cap and mix. 

6. Mixed wolking s~Weigh 50 ± 0.1 g base oil 
into a lOO-mL beaker, transfer to 25O-mL volumetric 
flask witb MIBK. dilute to volume, and mix (20',11, 
wtlvol base oil in MlBK). Weigh accurately (± 5 mg) 
5.00,3.75,2.50, 1.25 and 0.625 g mixed stock standard 
into 50·mL volumetric flasks. In order, add by pipet 
25.0,31.3,37.5,43.8 and 46.9 mL of the 20<,11, base oil 
in M1BK solution. Dilute to volume with MIBK and 
mix. TItese solutions contain 2.0, 1.5, 1.0, 0.5 and 0.25 
llg/mL Cr, Co, Ni and Fe. Retain the remaining 20% 
base oil solution for zeroing the spectrophotometer and, 
if necessary, diluting the sample oil. 

PROCEDURE 
I. Weigb accurately 5.0 ± 0.0005 g of sample oil into a 

25-mL volumetric flask, dilute with MIBK and mix. 
2. Set up the instrument for operation with an air-acety· 

lene-organic solvent f1ame according to the manufac· 
torer's recommendations (see Notes. 2). 

3. Install the appropriate hollow cathode lamp, tom on 
the instroment, adjust 10 the recommended operating 
lamp current, sel the monochromator 10 the recom· 
mended wavelength (see Table I) and allow the inslru' 
menllo stabilize. 

Element 

Cr 
Cu 
Fe 
Ni 

Wavelenglb, nm 

357.9 
324.8 
248.3 
232.0 

4. Light the burner and allow to warm to equilibrium 
(approx. 3 min). 

S. While aspirating the 20<,11, base oil solution, reduce the 
acetylene flow until the yellow incandescence of the 
flame just disappears. Next, optimize the fuel-air ratio 
for the detennination (Notes, 3) by varying the acetylene 
flow while aspirating one of the mixed standards until a 
maximum absorption is obtained. Flush the burner by 
aspirating MIBK for 15 sec (Notes, 4) and then zero the 
instrument while aspirating the 20<,11, base oil solution. 

6. Record absorptions for the live mixed working stan· 
dards in order of increasing concentrution. Record tbe 
absorption of the sample solution and then aspirate the 
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20% base oil solution to check the zero point (Notes, 
.5). If the sample absorption exceeds the highest stan, 
dard, prepare a new sample solution by weighing a suit· 
able ratio of sample oil to base oil to produce a 20% oil 
solution that absorbs within the calibration range and 
repeat the absorption measurements. 

7. From the standard absorptions, construct a calibration 
curve to be used to determine tbe concentration 
()!.g/mL) of metal in the sample solution. 

S. Repeat Procedure, 3-7 for each analysis, using the 
appropriate source lamp and conditions. 

CALCULATIONS 
25 

1. MetaI,)!.gIg (ppm): C X W 

Where-
C = metal in 1lg/mL from calibration graph 
W = mass of sample, g in 25 mL of sample solution 

PRECISION 
I. Table 2 gives the standard deviations for each metal 

analysis. Eight collaborators analyzed two samples of 
soybean oil. Thst solutions were retained and absotption 
measurements were repeated on the following day. 

TabJe2 
Precision. 

Standard deviations 

Element Level, p.gIg Day} Day 2 Average 

Cr 2.5 0.0536 0.1155 0.084 
8.5 0.2654 0.3007 0.283 

Cu 3.5 0.1137 0.1344 0.124 
9.5 0.1574 0.1940 0.176 

Fe 2.0 0.0627 0.1640 0.113 
8.0 0.4990 0.2875 0.393 

Ni 3.0 0.3599 0.3239 0.342 
9.0 0.3159 0.2797 0.298 

NOTES 
Caution-Xylene is flammable and a dangerous fire risk. 
The 11.. V is 100 ppm in air. 

Methyl iSObutyl ketone (MIBK) is flammable and a 
dangerous fire risk. Explosive limits in air are 1.4-7.5%. 
Avoid inhalation and ingestion. It is absorbed by the skin. 
The 11..V is 50 ppm in air. 

Chloroform is a known carcinogen. It is toxic by 
inhalation and has anesthetic properties. Avoid contact with 
the skin. Prolonged inhalation or ingestion can lead to liver 
and kidney damage and may be fatal. It is nonflammable, 
but will burn on prolonged exposure to flame or high tern· 
perature. The 11..V is 10 ppm in air. A fume bood should be 
used at all times when using chloroform. 

NUMBERED NOTES 
L Mixed solvent systems, i.e., chloroform-MIBK, may 

reduce fat solubility problem and lessen burner fouling. 
but it will be necessary to prepare the standards in the 
same solvent system. However, tbe use of chloroform is 
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not m:ommended due to Ibe poIallial of forming phooI
.. ps IIIIder Ibe leSt CXIIIdiIioiIS. 

2. If a Boling IuIIer bt:ad ill used, be sure Ihal it i$ desiped 
10 wiII-.xIlbe hi&bIY oxidizing CXIIIdiIions RlCjiiiRd for 
die nickel delt .... dlllllioiL Boling burners of 811 eII'Iy desiJIII 
cooId be peI"IWIIIlIIIIy w.ped under Ibesc coolditioos. 

3. Chromium requiIa • rich (yellow) n-. capper ... 
iron a lean (blue) fIIIIne IIIId nicb:I • wry !em fluIe. 

4. The MlBK flub 1111_ ~ Gil ......... 
mizes foulins of Ibe IIumer head by GilIJuiIdup 

s. Wid! CXIIIeCt fuel adj-. II JiJar aditJiiloti .. _ 
Ihat iiJleieeplS Ibe origin caR uaI.,. be "" ••• m 

1>.930U 
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SAMPliNG AND ANAlYSIS Of COMMERCIi\!. FAlS AND OIlS 

"*14 wed 1997 

Sodium and Calcium by 
Atomic Absorption Spectrophotometry 

DEflNmON 
Sodium (sodium soap) and calcium (calcium 1OIIp) present in a ,. or oil .... _ Kjdjfied ... 

then extrat::lll:d inlO a known volume. The sodium and calcium COOl a,lIaIions are .-red IIIing 
flame MS and can be ditecdy IIIe8SWed after calilntion of die insIru-. 
SCOPE 
The method is applicable 10 unemulsified I'als and oils. 

APPARATUS 
I. Almllic absorpIion spec:U'Ometer-.""erI<:iII-BlJllel" 306, 

or equivalent, equipped for flame analysis. 
2. Sodium 0011_ cathode lamp-Perltin-E1mer 303-

606S. or equivaIenL 
3. Calcium Il0l1_ catbode Iamp-Perltio-Elmer 303-

6017. or equiYaIem. 
4. Screw-cap culture lubes-16 X 125 mm (Corning 

119825. or equMlleuI). 
S. Disposable glass pipets. 
6. ~umetric pipets-I, ... s. 10. 20 and 25 mL. class A. 
7. ~umetric flasks-!iO and 1000 mL. class A. 

REAGENTS 
I. SodiDmSlllndard~.loooppm(Fisher 

SO-S-I39.« equivalent). See Notes. I. 
2. Calcium standard solution-aqueous. 1000 ppm 

(Fisher SC-S-191. orequivaleut). See Notes, I. 
3. Deioaized waller. 
4. PoIaRimn ddoride (KO}---teli8eut grade. 
S. MedIyIene chIoride-rcager grade (see Notes. CaIItioI'I). 

6. 0.2 N Hydrochloric acid (80) staudard volumetric 
soIlIlioo-prepIIre by dilutiDg the _ of two 0.1 
N HCI volumetric concentrates (Sal1lenl-Welch 
Accu .... SC 10064. or equivaIeut) 10 100 mL with 
deioaized waller. Alta'DIIdy. the .... update volume of 
_bated Ha. suitable for InICe meIlIl analysis. can 
be diluled 10 1000 mL with deioniud waller. 

7. 0.2 N HCI wash solution-prepared as noted in 
Reagents. 6. 

8. 02 N HCIIKO soIuIioir-pepiiled by dihuins the c0n

tents of two 0.1 N 80 COI_ates (see ReagenIS. 6) 
aod two 0.1 N KO voIumeIric COIICCIIIraIes <Saraeut
Welch AccuIaIe-. SC 169oJ2, or equivalent} to 1000 mL 
willi deioaized -. AIIemateIy. the .... upialr: YOIume 
of conc:entrated 80. suitable for InICe meIlIl analysis. 
and the iflIIiUPiate .mgIJt of ~ KO can be 
diluted to 1000 mL with deioaized water. 

9. Sodiwn wooling solution {S.oo ppm Na}-I-----I'Pimlpl'" S mL of 
Ibe l(lOO.ppm sodiDm SlilDdaad solution into a IQOO.mL 
1IOIumcmc flask and dilute II> 1dume willi deicnimI_ 

10. Cslcium work;ns solution (25.0 ppm Ca}-Pipet 25 
mL of the IOOO-ppm calcium stalldard solution inlO a 
10000mL volumetric flask and dilute 10 volume with 
deionized water. 

PROCEDURE 
I. Jnsavmeut acIDp (sodiDm)

Sodium Ismp-IO_ 
Wa\deaalh-S89 lIID 
Slil-O.7mm 
Bacqrouud COIle.:1hln-oIf 
Pame airf~l_ (Ian. blue) 

2. Jnsavmeut acIDp (caJcimn)-
Calcium Ilmp-J2 RIa 
Wa\deaalh-422.7_ 
Slil-O.7mm 
Bacqrouud comctiGo-ojf 

Flame :oi:lfa:«yIme ( ...... ill" rith. JIi&I!dy,.,.,.., 
3. I'n!paration of standsnI and ampIo 

la) Wash all gIsss-. lint with diiIJdc HCI (0.2 N) 
and then with copious ~ of 4eic.i'ed _. 

(b) Weigh 4.0 I Ie: 1' .. ,.. ..... , ... (e) or ............... S. 
(e) belowJ of Ample to dle __ ma: into _ 
acid-wuhed _...,c:ukun: bIbe. 

(e) Add 3.0 mL of medtyler r chloride 10 CldlbIbe. 
(d) Pipet 4.00 mL of 0.2 N HCIIKCI sohnioa into 

eachblbe. 
(e) Cap and ahIIke for 2 miD.. 
(O CemrifiIae for 30 IIOC. 
<s> Prepare 0.5-. 1.0. and 2.1).ppa sodiam __ _ 

by pipetIiag S. 10 and 20 mL. .Cllpl>ttiwely. of the 
sodium wultiJl& ....... CR: • •• 9) into 5O-mL 
volumetric flub. 1'IIese _ then dilu1ed 10 'V'Ol
ume usins the _ -'" u the. \«5 (0.2 N 
HalKO). 

(b) Prepare 0.5-. 2.5- I0Il S..().ppm cak:iul __ _ 
by pipetlinl I, S I0Il 10 mL. respeaiw:ly. of the 
caIclmn wortinlllOllltioa CRMII ..... 10) into 5C).. 
mL volumetric flub. 1'IIese _ then dilllled to 
volume usins the _ mMrix as die SUIIpIes (0.2 
NHCIIKO). 

4. Analysis for ~ 
<a) Light the flame and oplimize the nebnlizer. burner 

and flame settiillS while aspiralins a 2.O-ppm 
sodiDm SIandanI. 

(b) Zero the i_ usins die 0.2 N HalKO blank. 
(c) Cbeclt the IIbsoibauI:cs of die 0.5-. 1.0- ... 2.0-

ppm sodium SIaiIdanIs for mpoIlSC and linearity. 
(d) Switch 10 the aulOCOtlCentnUion mode and cali

brate al 0 (zero). 0.5 aod 2.0 ppm sodium.. 

Page 1012 



SAMPlINC ANO ANAl. YSIS Of COMMERCIAl fATS AND OlLS 

Ca 15b-87 • Sodium and Calcium by AAS 

(e) Aspirate the aqueous layer of each sample tube 
and read the sodium concentrations directly from 
the instrument. For accuracy, analysis of samples 
containing >3 ppm sodium should be repeated, 
using an adjusted sample size. Recommended 
sample sizes are as follows: 

Sodium content ppm Sample mass, II 
0.10 :;; 3.0 4.0 

3 S 10 1.0 
10" 20 0.5 

>20 0.2 

S. Analysis for calcium-
(8) Light the flame and optimize the nebulizer, burner 

and flame settings while aspirating 5.O-ppm calci
um slandard. 

(b) Zero the insuument using the 0.2 N HCVKCI blank. 
(c) Check the absorbances of the 0.5-, 2.5- and 5.0-

ppm calcium standards for response and linearity. 
(d) Switth to the autoconcentration mode and cali

brate at 0 (zero), 0.5 and 5.0 ppm calcium. 
(e) Aspirate the aqueous layer of each sample tuhe 

and read the calcium concentration directly from 
the instrument. For accuracy, analysis of samples 
containing >5 ppm calcium should be repeated, 
using an adjusted sample size. Recommended 
sample sizes are as follows: 

Sodium content ppm Sample mass., II 
0.10:;; 5.0 4.0 

5:;; 10 1.0 
10S20 0.5 

>20 0.2 

Page 2 of 2 

CALCULATIONS 
I. Sodium content is calculated using !be formulas 

ppm Na (reading) X 4 N 
=ppm a 

mass of sample, g 

ppm sodium oleate = ppm Na x 13.2 

2. Calcium content is calculated using the formulas 

ppm Ca (reading) X 4 C 
mass of sample, II = ppm a 

ppm calcium oleate = ppm Ca x 15 

3. Soap is calculated using the formula 

ppm soap = ppm calcium oleate + ppm sodium oleate 

NOTES 
Caution 
Me!bylene chloride is toxic and is a carcinogen. The TL V is 
100 ppm in air. A fume hood should be used at all times 
when using methylene chloride. 

Hydrochloric acid is a strong acid and will cause 
severe burns. Protective clothing should he worn when 
working with this acid. It is toxic by ingestion and inhala
tiona and a strong irritant to eyes and skin. The use of a 
properly operating fume hood is recommended. When 
diluting !be acid, always add the acid to the water, never the 
reverse. 

NUMBERED NOTES 
I. The calcium and sodium standards are stable for one 

week. 



SAMPlING AND ANAl. YSIS Of COMMEROAl FATS AND OIlS 

AOCS 0ffic:iaI Method Ca 18-79 
Reoj>p_I997 

Analysis for Chromium, Copper, Iron, Nickel 
and Manganese in Triglyceride Oils by 

Atomic Absorption Spectrophotometry Using 
a Graphite Furnace 

DEFINI110N 
Vq;etabIc and animal oils dissolved in methyl isobutyl ~ (MlBK) 01' MlBK + UNO. ue __ 
Jyzed for metals by direet iqjecrion illlO a JI'lIIlIUte tube furnace. Calilnlioa is bISed 011 MmK or 
MlBK + HNO:! solutions of 0118 •• , ... 11;': reference cucupoumfs. 
SCOPE 
This meIbod is iIItended for the ualysis of cnIde and refilled nll'table oilI and animal fta 1h1II: __ 
lain IIlIICe metaJs Ih1II: may be pn:sent in the form of oil-soluble adduets. The d '~ : ,jI_ liInit of Ibis 
medIod is approximaIely 0.1 mgIkg (0,1 ppm). This meIbod bas • to.. deIectioa limit .... AOCS 
Metbod Ca ISs7s. wIJicb bas • delr:cIion limit of approximaIely 2 mgIkg (2 ppm). Theadix~ wIIm 
to.. deIectiOII limits may be n::quired. as in the case of contrlIdDal trade meduls, AOCS Method 
Ca 111-79 ~ be use<L 

APPARATUS 
I. AlUiDie absorption spectropboIomet-with Zeeman 

or Smitb-Hieftje background correction, graphite tube 
furnace and 8flPJ0jlIiaIe boIlow cathode lamps. 

2. VaI:unm desiree'or-containing • suillible firm dcsic--
_ (1II!e AOCS spedficatioa H 9:87). 

3. Weif!lling ...... 11 1001s..mL capacity. 
4. Hot pIatc-witb dIeostat lempl!ialure COObOI. 
5.0-. 
6. BeUtn--lS and 100 mL. 
7. Pipers IIJlId' ' Il, to..m- s.. 10 and 20 mL. 
8. Eppeadorf pipc:U-5, 16. 20. 30, 40 and SO pL, wilb 

disposable tips. 
9. BaJace analytic:al, 200:8 capacity wilb :1:0.0001 g 

sc:nsitivity. 

REAGfNTS 
I. Oopnuollelllllic stIIIIIIIIniI-N lnstillllie of 11IsIing 

(NIS1); Omc:o (Ponca City, OK), USA. 01' equiYaIeIIt. 
(a) Iris{I,plJenyl-l,3-butanediODO~ m. 
(b) bis(lsphenyl-l,lsbutanediono)copper U. 
(e) Iris{I,pheayI-J,3-butanediooo)iron m. 
(d) N'tctd eycloheunebotynde. 
(e) Manpnouseyc~. 

2. 4-methyl-2-pentanone (methyl isobutyl kelone, 
MlBK)-ragent JlIIde (see NOleS, Ctauitln). 

3. Xylene ..... nt grade (1II!e Notes, Ctauitln). 
4. 2-Elbylhexanoic acld--pcxIicaI grade. 
S. 2-Elhylhexylami~ grade, 
6. Ni1ric acid-SpecIIlII or UIIreJt gnde (see Noles, CmdioIt). 

PREPARATION Of STANDARDS 
I. Chromium stock SIaIIdard, 100 pgImL-Dry abouI2 g 

tris(I-phenyl- J ,3-oolanedi01l0)chromium III J hr al 
IIO"C. Weigh 103.1 me into a lS-mL beaker, add 5 mL 

xylene and S mL 2rfl111ylhcuaoic -*' and paIIy_ 
on hot pIaIc witbout mluxiJI&, switting OCCIsjoneQy 
until the salt di_hess Cool to ambient 1empI!i_ 
Transfer the solution 10 a 100smL ~ fIuk. 
riIIsing the bI!aIra' wiIb 1M:: Io..mt. portims 01 M1BK. 
Ibea dilulc 10 euetIy 100 mL, mix and _ • :20 ~ 
2"C. This standaud stock toIadoa dIouId be ...... for. 
least 6 1OOIIIIIa. 

2. 0Jpper stock lllllliidaad, 100 JIa/mL-Dry IIIoat 0..13 & 
bis(1sphenyl-1,3..Ia I • 1M, •• )copperU 31hniB.l1O'C. 
Weisb 60.6 fIlS i1IlO a 2S-mL beabr. aid 4 mL JtYIeIIe 
and 4 mL ~ andplllly __ GIl.'" 
witbout reflwting, swirIiII& 0CCI'i0naJ1y ... !be sail 
diasolYes. Cool to ambient tenJp:I-.. TI-r. die 
solution to a IClO-mL ooIuo_ic", riMia& dlellellier 
with 1M:: 10-mL poi'*- oIMlBK. ......... lIlcucdy 
100 mL, mix and _. 20 ~ 1"C. This ...... 11iIIItdt 
solution sIQdd be ..... for .IaII61111011d1S 

3. IJon stock ...... 11. 100 IIIfI'\IIL-Dry IIIoat 0.2&1riII(1-
pheoyI-l,3-butatlUtionu)ima m for I •• 11O"C. Wie:ip 
97.1 fIlS i1IlO a 2S-mL betIIa, aid S mL llylenc aid 5 mL 
2~ acid and pIIIIy _ GIl hot.,.. wift.. 
out reOulli1lg, swirling OCC8$iOllally 1IDli1 die nil 
dissolves. ConI 10 _bien! lempeiillUnl. TlUSfa-!be 
soIuIian 11>. IClO-mL WlIunidlic IIIsk, IiRsiac die betIIa 
with 1M:: 10-mL poi'*- oIMlBK. Ibea diIaIIe III eacdy 
100 mL, mix and SUR • 20 :t 1"C. This IIIIIIiidaad IiIIItdt 
solution should be ..... for .IaII61111011d1S. 

4. Nickel sloek 8laUdard. 100 fll/mL--Deskcale about 
0.15 g nicbI eycIohp .... .,._ for 48. ma' suiIIllk 
fRsh desiccant. Rapidly weigh 67.6 mg illlO a lS..JDI. 
beab:s; aid S mL llylel1r: aid S mL 2~ acid 
and gently warm 0Il11Dt pIaIe withoul mJuxing. swirliD& 
oc:easionally until the sail dissolves. Cool to ambient 
1eI1Ipemture. Transfer the soIulion to a lOOsmL >01_ 
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Ca 18-79 • Analysis for Chromium, Copper, Iron, Nickel and Manganese in Triglyceride Oils by MS 

ric flask, rinsing the beaker with five I ().mL portions of 
... MIBI<. then dilute to exactly 100 mL, mix and store at 

20 :r 2°C. This standard stock solution should be stable 
for at least 6 months. 

5. Manganese stock standard, 100 )1g1mL-Desiccate 
about 0.15 g manganese eyelobexanebutyrate for 48 hr 
over suitable fresb desiccant. Rapidly weigh 71.4 mg 
into a 25-mL beaker, add 5 mL xylene and 5 mL 2-
ethylhexanoic acid and gendy wann on hot plate without 
refluxing, swirling occasionally until the salt dissolves. 
Cool to ambient temperature. Transfer the solution to a 
loo.mL volumetric flask, rinsing the beaker with five 
l().mL portions of MIBK, then dilute 10 exactly 100 mL, 
mix and store at 20 ± 2OC. This standard stock solution 
should be stable for at least 6 months. 

WORKING STANDARDS 
I. Fe--Pipet 10 ilL of 100 ppm stock standard into a 25-

mL volumetric flask. Add 15 mL MIBK, 12 drops 
concentrated HNOJ, swirl, dilute with MIBK to a final 
volume of exactly 25 mL and mix completely. 

2. Cu-Pipet 10 IlL of 100 ppm stock standard iOlo a 25-
ml volumetric flask, dilute witb MIBK to a final 
volume of exactly 25 mL and mix completely. 

3. Ni-Pipet 10 III of 100 ppm stOCk standard into a 25-
mL volumetric flask. Add 15 mL MIBK, 600 ilL 
concentrated HNO), swirl, dilute with MIBK to a final 
volume of exactly 25 mL and mix completely. 

4. Mn-Pipet 10 IlL of 100 ppm stock standard into a 25-
ml volumetric flask, dilute witb MIBK to a final 
volume of exactly 25 mL and mix completely. 

5. Cr-Pipel JO IlL of 100 ppm stOCk standard into a 25-
mL volumetric flask, dilute witb MIBK to a final 
volume of exactly 25 mL and mix completely. 

PROCEDURE 
I. Accurately weigh 1.0 g ± 0.1 mg of oil into a l().mL 

volumetric flask, dilute to volume with appropriate 
solvent system [see (a) througb (e) immediately follow
ing] and mix (see Notes, I). 
(a) Fe--MIBK + 250 IlL coned HNOflO mL MIBK 
(b) Ni-MIBK + 250 JlL coned HNOflO mL MIBK 
(c) Cu-MIBK 
(d) Mn-MIBK 
(e) Cr-MIBK 

2. Set up instrument for operation witb the following 
graphite furnace conditions: 

30 see 
lOse<: 
lOse<: 
S-6Urnin 

1000C 
8OO'C 

23OO0C" 

"23OQ°C ;.the upper limit for P-E HOA-2000 with grooved 
grapbit. lUbes. If either HOA-2100 or HOA-2200 is avail
able, atomization at 2500"C is preferred. 

3. Install the appropriate hollow cathode lamp, tum on the 
instruntenl. tum on background correclor, adjust to the 
recommended operating lamp current, set the monocbro
mator to the recommended wavelengtb (Table I), set 
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Table 1 
Recommended wavelenpbs. 

Blement 

Fe 
Cu 
Ni 
Mn 
Cr 

Wavelength, nm 

248.3 
324.8 
232.0 
279.5 
357.9 

monochromator slit and allow the instrument to stabilize. 
After the instrument has stabilized, balance hollow cath
ode lamp and background corrector eneIllY levels. 

4. Record absorbance readings for the standard curve of 
inlerest by preparing al leasl a five-point curve. By 
varying injeclion volume, a single working standard 
solulion can be used to establish the entire curve. Inject 
I()', 20., 30., 40. and 5o.1lL volumes of working stan
dard solution in which the absorbance of al least three 
determinations at eacb injection volume agree within 
± 0.005 absorbance units. Plot the curve for the metal 
of interest using the average absorbance as the Y axis 
and concenlration in 118 as the X axis. 

5. Sample analysis-
(a) Inject 20 IlL of sample as a first estimate. If an unac

ceptable absorbance value is obtained (either a low 
absorbance value or a high absorbance value thaI 
exceeds the working linear range of the standard 
curve), the sample injection volume must be 
adjusted accordingly (see NOles, 2). With P-E 
grooved graphite tubes, individual injection volumes 
must not exceed 50 )JL. 

(b) For samples with unusually low metal content (see 
Notes. 3), multiple sample injections are permissible, 
if, after each injection, the sample is alloWed to 
proceed through the dry and char cycle, and is then 
interrupled for each additionaJ injection until the final 
aliquot is injected. in which case the dry/cbarlatom
ize eycle is not intemlpled, but allowed to continue 
through atomization (see Notes, 4). 

(e) The absorbance value is Ihen compared 10 the 
standard curve and the 118 value for the sample is 
obtained from the X axis. 

6. Repeat Procedure, 3-5 for each analysis using the appro
priate source lamp (as noted in Table I) and conditions. 

CALCULATIONS 

(I000)(C)(SV)(F)* 
I. Metal, ppm = (IV)(SM) 

Where-
C = metal in mg from calibration grapb 

SV '" final volume of sample flask 
IV = volume, mL of sample injected into furnace 

SM = sample mass in grams 
F = dilution faclor', where F = volume of dilu

tion f1aslclatiquot taken 
·Use dilution factor only when dilution is made 
because initial sample preparation is 100 concentrated. 



SAMflING AND ANALV5iS OF COl V JERCiiAl FATS AND OIlS 
Ca 18-79 • Analysis for Chromium, Copper, Iron, Nickel and Manganese in Triglyceride Oils by lIAS 

PRECISION 
1. Se1IeraI laboratories participated iD !he collabomive 

study Qf !he grapbite fumac:e ttdmiqne used to deter
mine copper. iron, Dickd. chromium and Q\II08I_ at 
le.eIs below I ppm and mosdy at 02 ppm and UIIdcr. 
ResuIIs showed a reIalive sIaIIdard devialion (RSD) of 
IS IIId 30% at levels of 0.2 ppm and 0.1 ppm. respec
tively. At !he 0.05 ppm Ie'vd. RSD values of SO'lI> and 
above wen: fRquemIy obseI wed. 

NOTES 
CmIIioIJ 
Melbyl isobutyl b:tone (MIDI{) is fIaIJmW)Ie and a danF
OIlS lire risk. ExplosM: limits in air are 1.4-7..5". Avoid 
inhalatioo and ingestion. If is absorbed by !he skin. The 
nN i. 50 ppm in air. 

Xylene i. flammable and a dangerous fire risk. The 
TLV is 100 ppm in air. 

Nilric acid-Use eIfective acid-resistant fume.mooval 
device wbeoever healing acids or performing reactions !bat 
liberste acid fumes. WbeD diluting acids. always add acid 
to _1IIlIeSS OIberwise dhected ill a meIbod. Keep acids 
off skin and protect eyes wben wortiIlg with acids. If acids 
come in COIIIaCI wilh skill or eyes. wash immediately wilh 
large 8I1IOIIIIIS of water. Do __ oxidizing acids (per-
chIone, nitric, sulfuric) near OIJanic materials. Mixing 
organic materials wilh Ihese acids. partic:ulariy perdlloric. 
could result in an explosion. 

NUMIlEllED NOTES 
I. Achieving a Ia.. wtIvol MlBK solution for Cit and 

CIS fatty acid triglycerides is readily accomplished 
clown to an iodine vallie (]V) of 65-70. Bdow this fV. 

solubility decreases to approxitoately :z.. wt/w)I f« 
triglycerides wilh 8D fV of 0-10. Lauric srari1Ies. howe_. are soIlibIe ill MlBK8I 7 ....... WIIwI. 

2. The following is a guide to !he ... of .... lespcAIliif; 
to!he.-ls of iJileiesL 

Fe 24ag 
Co 8.0ng 
Ni Il.Ong 
Mn 20ng 
Cr 20ng 

3. For. salpIe wilh eiIher an _Ily low .......... _ 
or a troublesome umpIe ~ .. !he " ..... d" t od 
of additioo" tecbllique is 1_'.,.'''' 

4. It is RCOIIIIIleIIdec Ihat !he JlIIIF pi _ be iukalilpltd 
duriDg !he I'fOI!!izarion eyde. .... expaieate iadica_ 
!bat duting !he final SI8F oftriglya:ride .... c.' .... "ilion 
when DIO'I'iIIg Ii'om the d.- to the .. "iP..,._ mode. • 
last surp of SIIIOU is IibenIed from !be ,At ne 
bactsroond _ltdUi is capable of"""" I i. the 
magnitude of the SIIIOU _ dfecL Howevu; ..... 
operating ill a PIlIP IllS interrupt mode cIuriD& ........ 
lion, a DOllII1Iiform and poorly leproclucible S1IIOke 
pattern results in aD apparent scatter of sample 
response. Operating in '"pwge IllS 011- mode daring 
atomizalion may cause some Joss in sensitivity, but willi 
"pulp: pi on" it 1nIDSf0l'lll$ or mixes the IDIIlte info a 
lIIIifoIm &nY IieklIhat is lepodoc:illly _Ifded.. 

IlEftRENaS 
I. OJejto.J.T~J.Am. Oil a.-. Soc. 53:4110 (1976). 
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SAMPl.INC AND ANAl \'SIS Of COMMEIIOAl FATS AND OIlS 

AOCS 0ffidaI Method Ca 18b-91 

Determination of Copper, Iron and Nickel 
by Direct Graphite Furnace 

Atom ic Absorption Spectrophotometry 

DEfINITION 
'l'his melhod is for !he detamination of InICe _ {J.\IItB) of copper, imlllIIIIIlIicleI. TIle medIod 
requires !he vaporizatiOll of !he oil or fat in a suitable 8f&Pbite fu __ ""red to an atomic: 
absorpIion spectmmeteI (previousJy c:aJj1nted usilll SI8DdanI solutions of orpIIOCOIllplMmds of alP
per, iroo lIIIII nickel), followed by !he measlII1':I1ICI of !he metal c:onIeftI from !he ot.Iwed .a.o.p.. 
lions at selected wavelenglbs. TIle elements are anaIyad sequentially <see Refuww:es, I .. 2). 
SCOPE 
Applicable to !he detamination of copper, iron lIIIII nickel in .u IypeS of C1'IIIIe or Idned Gill .. 
fats, including c:onlllmi_ from bleaching earth andfor calalySlS. This medIod is equiYalent to 
InIemaIional Union of !'lire lIIIII Applied OIemislry SI8DdanI meIbod 2.631 (Refu1liw:es,1 .. 2). 

APPARATUS 
I. Polyethylene- or poIypropylene-capped boUIes-20 

and SO mL. metalmee (see Notes, I). 
2. MicropipelS-20 lIIIII SO pL. 
3. Pipet tips. 
4. Aromic: absorpIion spectrometer---aplipped with either 

"peak height" mode and printer, or ucontinuous" mode 
and pen recorder (full-scale response ill 0.2 sec), 
together willi appropriate hollow calhode tobes and 
dentcrium backaround COJ'ftl(:tor. TIle s~ter 
should be Ioeared in a dust-meell\JDllSjlllen! 

NtM-z-ntm or SmiIh-HiefIje bacItgroImd cor
rection tt:dmique is coasideft:d superior to !he deuteri
um arc: blduUque. 

S. Oraphite fuI1IIICe atomi_-equipped wiIh facilities. 
6. Graphite tubes-for use in a furnace atomizer 

(AppInlUs. S). 
7. 0Ir0mat0gnIphic roIumns--diametedhc ratio 1110 

(see Notes. 2). 
8. EIecIric o~ at 60 :I: 2"C lIIIII suitable for 

1aIiJa, lit lSO"C. 
9. Water bath. 

REAGENTS 
I. ...Heptue--imaIyIi gnIde (sec Notes, CaatIon). 
2. Lisht peII'OIcul1l-4lp 40-60"C, analytical gnIdc (sec 

Notes. CaatIon). 
3. Sunflower oil-refincd. or a similar stable liquid oil 

with a low mecaI_ (see Notes. 2). 
4. Aluminum oxide cbiooUllOjjiilfJ/lic gnIde (see Notes. 3). 
S. N'Jtric acid-2 M, mee from _ of iron, nickel and 

copper. 
6. Niobium uitraIe (Nb(NOl)')-aqueous solution 1000 

msIL (see Notes. 4). 
7. Standard sto<:k solutions of Fe (10 mglkg), Ni (l0 

melk,) and Co (2 mclks)-prepared by appropriate 
dilution of orsallomctalli<: standards willi sunflower 011 
(Reagents, 3) (see Notes, S). 

8. SIIIJIdard ~ soIuIions P"'IWed daily by eli ...... 
!he stndc soIuIions ~ g .. " 7) with tile low mecaI c0n
tent oil (RagenIs. 3) 10 aM! tile foIIowina ....... -....: 

Copper: O.OS. 0.1. 0.2 maIka 
Iron: 0.25, 0.5, 1.0 maIka 
Nickel: 0.25. 0.5, 1.0 maIka 

9. Algoa mitlimum purity 99.99'It <_ N~ 6). 

PROCEDURE 
I. Th:aImal of _Ipb lIIIIIlIDIlIIiooIs 

(8) Place aII_1pb lIIIII ... kite "_;"'11 in !he ___ 
(App ...... In .. 8) cbaiD& tile period of., I ",g-m 

(0) Shake samples viJOlOllSly beloIe analysis. 
(e) If the mecaI c:onIeftI of a aude oil is ~ 10 lie 

outaide !he rauae specified for !he staadanls 
(Reag ts, 8). di'- the IIIIIIpIe with tile low -' 
content oil (R ,!!\II, 3) 10 ..... tile meal C. II .. 
wilhinlhat nmae. 

2. PR:pntion of ..... _ 
<a) Switch 011 !he atomic absorpdoa speeb' Deter 

(AppnIus, 4) lIIIII the.. I iwo (Dz) ...... 1IUdd 
... ,-..:. .......... c with the . .... of !lie 
11IIIIUfacIuIer •... Jamp -. slit. WlI\deiutath 
and_iIj,IiI •• im Thenoquiled_ , ... { .... >_ 

Copper: 324.7 
Iron: 302.1 
Nickel: 232.0 

(0) Optimize !he position of !he ,raphite fIIraI:e 
atonIi%er (Apparatus. S) in tile IIIllIIIic "'pdon 
spectrometer (AppnIus, 4). ad set tile Jequbllil 
pognIIIIS for tile fuI1IIICe as follows: 

'temp. RaaopIia2, HoIdIia2, GIS .... 
SlIp "C .... .... mLfInia 

..... 01 I !IOO SO 30 3110 
2 2700 I S SO 

..... Fe,NiI 1200 SO 30 3110 
2 2700 S SO 

",lof3 



SAMPLING AND ANALYSIS OF COMMlRClAl fATS AND OILS 

Ca 18b-91 • Trace Metals by Direct Graphite Furnace Atomic Absorption Spectrophotometry 

If it is not possible to program the graphite furnace 
exactly as above, "* a comparable program suit
able for the equipment (see Notes, 7). 

(c) Use a normal graphite tube (see Notes, S). 
(d) PIelteat the pipet tip (Apparatus, 3) by pipetting 

(using a micropipet; Apparatus. 2) and then dis
carding 20 jl.L heptane. The film of heptane 
remaining on !he wall of the tip facilitates a repro
ducible transfer of the oil sample. The tip must be 
pretreated before each injection of an oil sample. 

DETERMINATION 
I. Graphite tube blank-Record the absOlplion, if any, of 

the graphite tobe (Apparatus. 6) as such and aulozero 
this absorption. 

2. Liquid oil blank-By means of a micropipet (Apparatus. 
2), inject 20 IlL low metal content oil (Reagents, 3) into 
!he graphite furnace (Apparaius. 5). initiate !he tempera
ture program and record !he absorption. 

3. Standardization of apparatus-By means of a 
micropipet (Apparatus, 2), inject 20 jl.L of the three 
standard woddng solutions of !he metal under investi
gation (Reagents. 8) into the graphite furnace 
(Apparatus, 5) and record the absorptions. 

4. Sample for analysis-
(a) Oil (liquid) samples-By means of a micropipet 

(Apparatus, 2). inject 20 IlL of !he oil sample into 
the graphite furnace (Apparatus, 5), initiate the 
temperature program and record the absorption. 

(b) Fat samples (rap 4O"C and higber)-By means of a 
micropipet (Apparatus, 2), introduce an extra tem
perature programming step: bold time 20 sec, tem
perature 6O"C, inlmlal gas flow 0 mlImin. Initiate 
!he temperature program. Within !he firs! program 
step introduce. by means of a micropipet 
(Apparatus. 2). 20 IlL of the melted fat into !he 
graphite furnace (Apparatos. 5), allow the tip to 
remain in !he injection opening to liquifY the fat and 
then inject. Record !he absorption (see Notes, 9). 

S. Number of determinations-Carry out two determina
tionsinrapid.uccession. 

CALCULATIONS 
I. Measure the peak height on the recorder chart, or read 

from the display or printer. 
2. Draw a calibration curve by plotting !he absorption of 

the three standards (Determination, 3), corrected for 
!he blank (Determination, 2). against !heir respective 
metal contents (see Notes. 10). 

3. Read !he metal content of !he sample from the relevant 
calibration curve. 

4. RepoI1 as the final resuJt !he mean of the results of the 
two determinations. provided the requirements for 
repeatability (Precision. I) are met. If the requirements 
for repeatability are not met. discard !he results and carry 
out twO additional determinations on !he test sample. 

PRECISION 
I. Repeatability IIBlue-The difference between !he values 

obtained from two single determinations. carried out in 
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rapid succession by !he same operator, using !he same 
apparatos for the 'analysis of the same tesl sample. 
should not be greater than the repeatability value (r) as 
calculated from the formulas in Table I, which express 
!he precision in relation to !he determined mean value. 

2. Reproducibility value-The difference between the 
values for the final result, obtained by two (or more) 
laboratories using this standard method for the analysis 
of !he same laboratory sample. should not be greater 
than the reproducibility value (R) as calculated from 
the formulas in Table I. which express the precision in 
relation to the determined mean value. 

Table 1 
Repeatability Ir) and reproducibility IR) values.. 

Metal Subotr3te r 

CD oil 0.0102 + 0.140 m 
fat 0.0076 + 0.109 m 

Fe oil 0.077 + 0.08\ m 
fat 0.026 + 0.196 m 

Ni oil 0.056 + 0.127 m 

m -: corresponding mean concenttatiOll1f8.lue. 

NOTES 
Caution 

R 

0.0085 + 0.358 m 
0.0028 + 0.492 m 

0.040 + 0.480 m 
0.031 + 0.543 m 
0.027 + 0.442 m 

Heptane and light petroleum are flammable and a danger
ous fire risk. Vapors may cause lung irritation and may pr0-

duce neurotoxic effects. A fume hood should be used at all 
times when using these solvents. 

NUMBERm NOTES 
1. The polyethylene- or polypropylene-capped bottles are 

mnde metal free as follows: Clean the bottles thor
oughly with warm nitric acid (Reagents, S). rinse with 
distilled water and dry the bottles in a drying oven 
(Apparatos. 8) at about SO·C. 

2. Low metal content oil is obtained as follows: Activate 
aluminum oxide (Reagents, 4) by heating in an oven 
(Apparatus, 8) at ISOoC for 14 hr. PIepare a chromato
graphic column (Apparatus. 7), using twice !he mass of 
activated aluminum oxide as !he mass of the oil to be 
purified. Dissolve I part of the oil (Reagents, 3) by 
mass in 3 parts by volume of light petroleum 
(Reagents. 2). Add the oil solution to the column and 
elute with 5 parts by volume of light petroleum. 
Evaporate Ibe light petroleum in the eluate on a heated 
water bath (Apparatus. 9), using a gentle stream of 
nitrogen (2-5 Umin). Under vacuum. remove the fina] 
traces of light petroleum from !he purified oil. 

3. Merek product no. 1077 is suitable. 
4. Solution (code 88083) is available from Alfa Division. 

Danvers. MA. USA. 
5. Suitable standards are available from Conoeo. Ponca 

City. OK, USA (Conostan. 5000 mglkg), or Merck. D-
6100 Darmstadt, Germany (metal in standard oil, 1000 
mg/kg). 

6. If argon is not available. nitrogen may be used as purge 
gas. At temperatures above 2300·C. nitrogen forms 



SAMI'I.lNG IIHO ANI\I.'151S Of ~ FAlSlIHOOIlS 
Ca 18b-91 • Trace Metals by Direct Graphite Furnace Atomic Absorption Spectrophotomet 

IOxic cy8JIOICII gas; !belefore, COIIIiouous ventilalion 
in tile f'umaa: area _ be provided. 

7. If in Ibis case !be background l:Om!C:tion fails. dilute 
blaak, SIIIIIdards and samples willi an orpnic fal 501-
YeIII, e.g., hepIane. (Reagents, I) 10 a muimum of 1:2 
(mIm) and work at ambient leillp0alDle. 

8. Sepatate graphire lUbes should be used (or each mebII. 
The grapIUIe lUbe for !be delermination of iron has 10 
be ~ willi niobium 10 ensure thai !be lUIaI __ 
of iron is deIermined. With an uncoared lUbe !be _It 
will vary acc:ordins 10 the type of iron compound pre
sent in the oil. A soillible COating poc:edum is as fol· 
lows: By means of a micropipet (Appanitus. 2), inject 
100 tAL niobiwn nitrate solution (II 11 nlS, 6) iDlO the 
fumao:e. Slart the temperature program 10 dry at 100"C 
for 60 su, and lben atomize 81 2100"C for 5 sec. 
Repeat this poc:edum until 300 tAL of niobium oitnIre 
solution has been injected. Atomize al 27OO"C until 
COOSIanI absorbance is atlaincd (10 remove any iron 
COOIaOIination). 

9. The nonnaI, mini_limit or derecIion can be i~ 

by ei1her • .-- scale e., •.•• or by .et I iI¥ec. 
lions or tile SIIDfIIe at !be end or the ashiDg opei""" 
then allowing the pOgl8111 II> pooceed 10 WU .... L If 
the meIaI ~ is 100 hip (i.e.. exaedJ the colila Ii. 
aJI'\Ie), m mill.., the absoJption alia- • t\IrIher diIuIion 0# 
tile SIIft1IIe with sun3o __ 011. 

Beaer p!eCision can be 011«1 i : ~ willi !be use of an 
autosampler, willi sample tray beId at fiO"C. AI 6O"C. 
delivery or dilfmot __ of SIIIIIpIe is nduiuliacl. 
because all edibI: oils IIa..e ~ the _ density at 
6O"C. While 101_ may be used for SIIIIIpIe diIuIion, 
their use is eIise:oonIged; direct injection is p.,lIed. 

10. W"JIb the use or SOjIIIisticated equipmeat, ............ 
tion can be applied. 

ItEmlENCIS 
I. SfmuItmI Mmtods for "'" AMIysis of Oils. ImIlNl 

D<triWlli-. ~ Uoion of PIn -' Applied 
OJ:mistry, 1Ib edn .• Blldtwell Sc:ienIific 1'IIbI •• - •• 
1981.IUPAC MedIod 2.631. 

2. Purr Appl. a.-. 60:893 (l988). 
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SAMPliNG AND I\NAI. 'YSIS Of COMMB!CIAI. FATS AND OIlS 

AOCS Official Method Ca 1 Be·91 

Determination of Lead by Direct Graphite 
Furnace Atomic Absorption Spectrophotometry 

DEfINmoN 
'Ibis medIod is used IilrIlle dotiJniuDllI ti_ -..Is ~tilead. 'lbellllilllod~'" ..... ..... 
ti ... oiI m-fiIt in a suiIIbIe I!,IliIDIeJilmac:e, wilhm-wiIIIoIla pIIIbm. .... 1Oi .1., • ..., .... , .... 1IpIC-

_{pft:viousIycalhaled using SIInIIod ......... ti ..... iUU1hipJlllld tibl), fia-I by'" " c 
_titlJemetal CAlDIID Iiun 1heclancdal:ioujotiooal. _ ......... ti283.3 _<_R f ... lal2). 
SCOPE 
Ai ..... "" 10 1he ...... min.ioo ti ... in aU types ti aude or Rfined edible oils IIId fils. 'IIIiI ...... is 
...... 101i .. '1IIiooaI Unioo tiPtR alAJlIlIirdOillnisUy ..... dmedlod2.632(Reti ri, lal2). 

APPARATUS 
I. Polyethylene- or poIypropylene-c:apped bottles-20 

mL. metal free (see Noles, I). 
2. Miaopipet 20 JJL. 
3. Pipet tips. 
4. ElecIric ~Iatcd 8I60:i: 2"C. 
S. AIOmic absOtplioo specliOil I eqlliJlp!d willi eiIhet 

"peak height" mode and printer, or "cootin_" mode 
and pen ,cco"b (fuII.sc:a\e n:sponse ill Il.2 sec), ~ 
er willi die apjIiapiale dec:Irode-leas disdlarge lamp (or 
hollow eathode lamp) and deuterium background cor
_ (orZeeman-x:absotpOOnspecliOl_). 
~ or Smilh-Hieftje background cor

m:tioo tc<:hnique is cnuside:red superior 10 1he dellUlri
om IIIC tec:1mique. 

6. Graphite furnace alomizer-plaeed in the atomic 
absotpOOn spccbOilJefel (Apparatus. 5), equipped willi 
a control unit for~ programming. 

7. GnIpbiIe ~ (uoc:oated). 
8. PIaIf~ytic. ill combinalion with unccned or 

pyroIytica1Iy coatcII graphile lUbe (see Noles. 2). 

RfA&ENIS 
I. CycloIIexane-<malytic:a grade (see Noles, Caution). 
2. Leci.m-weD defined, COIIIIitriIll 2'11 phospboIus. 
3. Malrix modifier-2'II (mtv) Lecithin solution plepmd 

by diuolving 2 g lecithin (ReagenIS, 2) in 100 mL 
eyclohex_ (Rugeru, I). 

4. Blant oil-n!fined; any edible oil is suitable. Stom in a 
metaf..free polyethylene 00b\e. The lead conIent of oil 
should IlOl: be paler than 1 J1IIkg. 

S. Standard stock soluliDn of Pb (10 mglltg)-pn!pan:d 
by appropri8le dilmion of an cxganometalIic standard 
(see Noles, 3) with die blank oil (Reagen1S, 4). 

6. Standard workiDg ~ daily by dilut
ing die stock soImion (Reagents. S) willi die blank oil 
(Reagents. 4) 10 live die followillg r:oooenuations of 
Pb: 0.1120 mglkg, O.oso mglkg and 0.100 mg/Itg. 

7. Argon-mioimum puriIy 99.99%. 

PItOCEDURf 
I. Treatment of samples, blank and standards-

(a> Place all samples and standard working solutions 
in lhe ovell (Apparatus. 4), regulaled al60 ± 2"c. 

(b) Shake samples vigorously. 

(e) Weigh S.OO I sample ill. 2I).mI.. boUle (AppInlus. 
I) IOge\hos" willi 5.00 ll11111rix modific:r (R 8 h, 
3) and mix 1hOIcugbIy. 

(d) ~sIiIpS (b)IIId(4') AIr die lIRIe ...... d WCiIkiic 
soIuIioos (R 8 .... 6) 1IId1he llIIIdt oil (R , ." 4). 

2. Preparatiooof ..... _ 
<a) SwiIdt Oft die ..., ..... _ .. ~Rc· "".......... • 1IId .. 

deuIerium \Jod:amundCXilIllldlol: IIII.! •• hew ........ 

11&IIII"a:lIaer'S 8 ___ """""'" die ....-.. 
dill; .... dIe ..... aa-. slit wiIIIII. _ 1 ... and 
•••• ;&. ..... 1 1be1l!qllilcd_ ........... is28l3-. 

(b) Optimize 1he position of1he .............. _ 
izer (Apparatus. 6) ill 1he 8IIOmic IhooIpIion spec
_ (Apparatus. 5), and set die n:quMId pr0-

gram 00 die control unR of the IUmIce. Jh. r 'ie, 
pIac:e plaIfonn ill III"I'hiIe lUbe (see NoaH, 2). 

(4') Before eacb illjeelioll, pretreal tbe pipet tip 
(Apparatus. 3) by pipetIina and 1hea discu ..... 20 
JJLofeycloJleuM 

3. Prosnms for die gnphiIe ......... _ .. ip,. .. &MIl ia 
1lIbIe 1 (for \\uian Spew.". e.er, ., Noles. 4). 

DfmIMINATION 
I. M __ l of die bIant-lnjllct 20 pi. of die .... 

solution plepalcd acconIiill to Proc:cdure. J into the 
gnphiIe IiImace" ioitiale 1he letnpa_e posram and 
RlCOId die absOtplion. 

2. Measuremenl of • ..,Iabdu"""' ... dslo-llnjllct 20 JJL of the lIRe 
standard soImions plepalcd according to fiClCtidule, 1 
into1he graphile ......... and RlCOId the ab&OIpIioos. 

3. M-.ement of sample soIuli<lll. InjIIct 20 pi. of the 
sample solution prepucd according to J>roI:edare, I 
into die graphill: IiImace" iDiti8le die Iet ..... _e poo
gram and RlCOId die absOtplioo. 

CAlCULATIONS 
I. Measun: die peak beigbt Oft die diart ncoub, or take 

die reading of die display or priIIler. 
2. Draw. caIiIIraIioo CUM; by ~ die ..... piuu of die 

three $biIIdaJds (Detenninatioo, 2), aJllettcd AIr die bImt 
(I)etenninaIioo I). against !heir ie:spec:me .-J __ 
(see Noles. 4, 5). 

3. Read the metal COllIen! of die sample from die 1:8Iibm
lioncuJ"Ve. 

Page I of 3 



SAMPUNG AND ANAL ¥SIS OF COMMERCiAL FATS AND OILS 
Ca 18c-91 • Determination of lead by Direct Graphite Furnace AAS 

Table 1 
I'r<>grams for the graphite furnace atomizer. 

(a) Unroamd tube (Apparatus, 7), off the wall, maximum power 
heating. gas stop. 

Temp, Ramp lime, Hold time, Gas flow, 
Step·C sec sec mIlmin 

I 
2 
3 
4 

100 
650 

1900 
2700 

10 
60 
o 

20 
40 
S 
3 

300 
300 

o 
50 

(b) Pyro-coated wbe (Apparatus, 8) with platform, maximum 
power beating. gas stop. 

Temp, Ramp time, Hold time. 
Step OC sec sec 

I 200 10 20 
·2 650 60 40 
3 1700 0 5 
4 2700 I 3 

Table 2 
Repeatability (t) and ...,.....tua'billty (II) .......... 

Pb in edible oil 
Pb in cocoa hotter 

m :;: corresponding mean concentration value. 

Table 3 

Gas flow, 
mUmin 

300 
300 

0 
50 

R=0.3Om 
R=0.68m 

4. Report as the final result the mean of the results of two 
single defennination., provided the requirements for 
repeatability (see Precision, I) are met. If the require
ments for repeatability are nOl met, discard the results 
and repeat two defennination. on the test sample. 

PRECISION 
I. Repeatability value-The differences belWeen the val

ues obtained from two single determinations, carried 
out in rapid succession by the same operator, using the 
same apparatus for the analysis of the same test sam· 
pie, should not be greater than the repeatability value 
(r) as calculated from the fonnulas in Table 2, which 
express the precision in relation to the determined 
mean value (see Notes. 6). 

2. Reproducibility value-The difference between the 
values for the final result, obtaioed by two (or more) 
laboratories using this staodard method for the analysis 
of the same laboratorY sample, should nOl be greater 
than the reproducibility value (R) as calculated from 
the fonnulas in Table 2 which express the precision in 
relation to the detennined mean value (Table 3). 

NOTES 
Caution 
Cyclohexane is flammable and a dangerous fire risk. It is 
moderafely toxic by inhalation and skin contact. 1be TI..V 
in air is 300 ppm. 

The inJerlahoratory test carried out at the Intemationalleftl In 19'91 by the International Union of PIn and Applied 
Chemistry (IUPAC) Commission on Oils, Fats and Derivatives, in whim 20 laboratories participated, eadt obtaining two test 
results for each sample, PI'" the slatisticaJ results [evaluated in accordance with International Orpnizallon for 
Standardization (ISO) 5725·1986) summarized in the following table. 

Statistic Level 1 Level 2 Level 3 
Bateh I BOIeI! 2 Batch I Balch 2 Batch I Batch 2 

Edible Oil (Soybean Oil) 

No. Lahs 14 16 16 14 16 16 
Pb (ma/kll)" 0.080 0.090 0.047 0.054 0.018 0.023 
Mean 0.083 0.086 0.046 0.057 O.oI8 0.022 
S, 0.005 0.006 0.003 0.004 0.002 0,002 
S. 0.007 0.017 0.010 0.005 0.005 0.006 
RSD, 6.1 7.3 5.9 6.7 11.3 11.2 
RSD. 9.0 19.3 22.6 8.5 30.2 28.2 

'" 0.014 0.018 0.008 0.011 0.006 0.010 
R< 0.021 0.046 0.029 0.013 0.015 0.020 

CoooaBuuer 

No. Labs 15 16 16 15 IS 16 
Pb (mg/lcg)" 0,080 0.090 0.047 0.054 0.018 0.023 
Mean 0.084 0.090 0.052 0.058 0.024 0.029 
S, 0.004 0.003 0.004 0.002 0.001 0.001 
S. O.ot8 0,019 0.012 0.013 0.007 0.008 
RSD, 5.3 3.7 7.0 3.5 4.9 5.0 
RSD. 21.1 20.8 22.3 22.8 29,7 26.9 

'" 0.012 0.009 0.010 0,006 0,003 0.004 
R" 0.050 0.053 0.032 0.037 0.020 0.022 

U Actual values. 
"2.8 x Sc 
"2.8 x SR' 
Page 2 0/3 
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SAMl'UNGANO_l5I$Of~fAnANDOIlS 

Ca 18c·91 • Determination of lead by Direct Graphite Furnace AAS 

NUMBDED NOTES TabIoI4 
1. The poIyelbyleae- or poIypopyleJlc.aipped boIdcs ate Mudificlli • for v.iIn .. ! II II I I . 

made mdaI free in the following _yo Clean the bot- (a) PrqpuI .... .....-t .. u.w- 7). ... _ ..... 
ties 1boroushlY willl wann oillie acid, rinse wiIh dis-

'l\oDp, TIllIe. GllIIow. IIOIId tilled water and dry the boIdes ill a drying _ II 
about 8O"C. Slop 'C sec u.m GIl.,.. u ... 

2. BoIb atomizadoo off the wall and _izarioo ... the 1 100 20.0 3.0 NanaoI No 
plaJform can be IJSed. The aa:uracy and the scusili.ity 2 100 40.0 3.0 NanaoI No 
off the pIaIform is rwo limes bigher !han off the wall. 3 SSG 60.0 3.0 NanaoI No 

3. A suitable aIandard (Cooostaa. sooo mgItg) is avail-

" SSG 40.0 3.0 NanaoI No 
able from Cooooo. Ponca City. OK. USA. S SSG 1.0 0.0 NanaoI No 

4. For loose:baving a Varian spectlOpilolOJl_. the mod- 6 2SOO 1.0 0.0 ....... Yes 
ificaIions shown in llIbIe 4 ~ld be JDIIIc. 7 2SOO S.o 0.0 NanaoI Yes 

S. Wldl the use of sopbistieaIed equipment. 8DIoCaIibra- 8 2SOO 3.0 3.0 NanaoI No 
lion can be applied. 

Use 10pLlIDri II ... 
IIEFEIIENCI5 (b) 1'IojpaI .... ~ .. (Aj, • 8).wilhl ......... 
I. StmuItmI Methods for doe Analysis of Oils. F_ tmtI 

lHriwltivu. IntemaIionaI Union of Pure and Applied 'l\oDp, TIllIe. GIIs-. IIOIId 
0Iemisby. 711l edn .• Blacl<well ScienIiIi<: I'ubIicaIioos, Slop 'C sec UuoiII GIl.,.. u .. 
1987. RJPAC Method 2.632. I 200 10.0 3.0 NanaoI No 2. PIon! Appl. C1wm. 60:893 (1988). 2 200 20.0 3.0 NanaoI No 

3. Dellelribe. P.W .• Slikkerveer. F.J •• Foitersma. A •• 3 6SO 60.0 3.0 NanaoI No 
Dieft'enbather. A.. hre tmtI Appl. C1wm. 63: 1183-1192 4 6SO 40.0 3.0 NanaoI No 
(1991). Repon on the c:oIlaboraIM smdy. S 6SO 1.0 0.0 NanaoI No 

6 2000 0.7 0.0 NanaoI Yes 
Orta REFEItfNCES 7 2000 s.o 0.0 ....... Yes 
AIIDL C1wm. 54:67 A (1982). 8 2000 3.0 3.0 NanaoI No 
At. 5p«Iro8c. 1:30 (1980). 
J. ADlC. 0Jf. AIt.al. C1wm. 72:34 (1989). UselOpLlIDrill,jocdoL 
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SAMPlING AND ANAl YSfS Of COMMfROAl fATS AND OILS 

AOCS Official MeIbod Ca 121»-92 
ReptacesCa 12b-17 • ..., i oiled 1991 

Phosphorus by Direct Graphite Furnace 
Atomic Absorption Spectrometry 

DEfINmON 
This method, based on IntemationaJ Union of Pure aod Applied CbemiIlJ}' (lUPAC) MeIhod 2.423 
(see Refel_ I), detennines die lOla! phospIIoIus present moils aod faIs, apn!IISiaJ die ..... as 
mgIkg (pans per million. ppm). The method requires die wporization of die oil or fill m a IViI .. ... 
graphite furna<:e, will> or without a L'vov pl .... onn, connected 10 an aromic: IbsmpIioII speca.. leo, 
Pl"Yiously calibrated using standanI solulions of soy Iecilhill aod die n_et'iCill of die pIIosphoIus 
c:onIeiIt from die ob!IIcrved IbsmpIioII at a waveleoglb of 213.6 mn. 
SCOPE 
This method is for the detenninatioa of Ince amounts (mWk&> of phosphoIus mill types of crude or 
refilled edible oils aod fats. Spectral illlerfenmce by 0Ibec eIemenIs is _ 10 be upec:sed. provided 
die __ Is are.:arried out at die waveleoglb specifidorphosp/xllus(213.6 nm). 

APPARATUS 
L Test tubes--IO mL. 
2. Miaopipet-20 pL. 
3. Pipet tips. 
4. Electric oven---n:gulated at 60 ± 2"C. 
S. Atomic absorptioo spectromeI£r-equipped wiIb either 

''peak height" mode aod printer. or ~COIIIinuous" mode 
and pen ImlIi1ef (full-scale It$pIliJSe ill 02 sec), IIIgI:Iber 
wiIb die appropriate eIectrode-less discbarge lamp (or 
hollow caIhode lamp) aod deuterium back.-m_
lOr (or Zeeman aIOmic aIIsorpIi<lft specaOl_). 

6. Graphite fuma.::e 8tomizer-pla<:ed in !be alOmic 
absOIpdon spec:bllRle'lel (ApparaIus. S), equipped will> 
a control unit for 'IeI.tpCi_ JlOIIaliulling. 

7. Gntphite lUbe OOInl8l (~ 
8. Pl .... orm--pyrolytie. in combination with unc:oaled 

graph;" lUbe (see Notes. I). 

IlfACENTS 
I. ~yticII s;nIde (see Notes. CmItion). 
2. Lanthanum organometallic standard-such as 

11IIIIuInum-2.4-penfadionate (see Notes. 2). A suirable 
standard (0)_, SOOO mgIItg) is available from 
C_ Ponca City. OK, USA. 

3. MaIrix modifier (see Notes. 2)-0.05'" (mIv) I..IntIwIiilil 
solution is prepared by dissolving 5 g lanlbanum _ 
dan! (IteagenIs. 2) m 50 mL ~ (Reagems. 
1).lsee p,,)(:eduie. I. (e) for_ of..-ml< modifier]. 

4. Blank oiI-refined liquid edible oil wiIb • pliospllOlus 
c:onIeiIt _ greaIer IIwII mgIkg (see Notes. 3). 

S. ~ welklefiJlCd lecilhin COIIIaioing 2 ... ph0s
phorus. e.g.. soy lecithin <see Notes. 3). 

6. SIl!DdanI stock lOIutioa A stock solution of 400 mg 
PIkg is prepared by dissolving I g oflecilhin (Reagents. 
S) in 4 g cyc~ (Reagents. I) and 4S g of blank 
oil (Reagents. 4). 

7. S1IIndan1 WO&ting solutions-IO mg PIkg. 20 mg PIkg 
and 40 mg PIkg are JlqoeR!d by diluting die 400 mgIkg 
stock so/utioa (Reagents. 6) with blank oil (Reagents, 4). 

8. Algon-minimum purity 99.99'lI>. 

PROCEDURE 
I. TreaImenI of SM!pIa. blank aod _ ..... . 

(a) Place III SII.rpIc:s. blank oil .......... d -kinI 
soIutioos in die oven (ApjMI .... 4). ft:&11 ...... 81 
6O±2"C. 

(b) SI* samples Yipously. 
(c) Weigh 1.00 g -.. m a 10-mL _lUbe II, " •• 

will> 1.00 g matrix .-ti£a (Re. .IS. 3) ... mix 
Ihomugbly (see Notes. 4). 

(d) Apply l1epII (b) and (c) to Ibe line W -"inc 
soIutions(Rng ... 1) ... Ibe .... oiI(R I .,4). 

2. I'repandion of ..,...11 
(a) In _dODCe wiIb die II '. hil .. •• ~ ...... 

supplied with !be spec_. switch oa the 
atomic ~ specINi p ~ ...... 
die lamp -. slit widIb. _i I' cII.- ...... 
Ilcatioa. The .equinld WII\ I fills is 213.6 ... 

(b) Optimize !be position of !be IJ'IIPIIIiIe fumac:e 
atomiz« <~ 6) m die __ ..... pIiuu 
spectronllkl (AIJpII .... 5). ... set die JeqfIIin=d 
program on the control uait of !be r.am-. If 
available, place pIMb.1I m gnrpIaiIr: IIIIbe. 

(e) PieUeat die pipet tip (App.--. 3) before ada 
injllclion by pipetting _ diCit disrclldilll& 20 pi. 
~. 

(d) Inject 20 pi. of Ibe __ d ..tiac soIuIic", wiIb 
• CODIeIIl of 40 m, Me (ReageaII. 1) wiIb !be 
micropipet (Apparatus. 2) inlo !be cnpbi1e 
furnace. inltiale !be lemperature program ud 
record Ibe~. 

(el Repeallbe previous step u!llil die IIbsorpIiuu is 
-(-Notes.'> 

3. I'rogIlin for die pijlllill:: IiIru:e ___ (_ Noles. 6): 

s..., Temp, blip limo, Hold limo, bi!iaI ps 
no. "C sec: sec: !low, mI.Jiain. 

I 
2 
3 
4 

600 
1600 
2800 
2800 

40 
SO 
o 

20 
40 
5 
3 

300 
300 

o 
SO 
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SAMPlING AND ANAt YSIS Of COMMERCIAL FATS AND OIlS 
Ca 12b-92 • Phosphorus by Direct Graphite Furnace Atomic Absorption Spectrometry 

DETERMINATION 
I. Measurement of the graphite tube biank-Recool the 

absorption, if any, of the graphite lube as such and 
autozero this absorption (see Notes, 5). 

2. Measuremenl of the blank-lnject 20 IlL of the blank 
solution prepared according 10 Procedure, 4 into the 
graphite furnace, initiate the temperature program and 
record the absorption. 

3. Measurement of the womng slandaJds--lnject 20 IlL 
of the three standard solutions prepared according to 
Procedure, I, (d) into the graphite furnace and record 
the absorptions. 

4. Measurement of sample solutions-Inject 20 IlL of the 
sample solution prepared according to Procedure, I, (c) 
into the graphite furnace, initiate the temperature 
program and record the absOlption. 

CAlCULATIONS 
I. Measure the peak height on the recorder chart, or take 

the reading of the display or printer. 
2. Draw a calibration curve by plotting the absorption of 

the three standards (Determination, 2), corrected for the 
blank (Determination, I). against their respective phos
phorus content (see Notes, 3). 

3. Measure the absorption of the sample and COITeCt fur 
the blank. 

4. Read the phosphorus conlent of the sample from the 
calibration curve. 

S. Express the results as mf!ll<l! (to two significant figures). 

PRECISION 
I. Repeatability limit-The absolute difference between 

two independent single test results, obtained with the 
same method on identical test malerial in the same 
laboratory by the same operator using the same equip
ment within short intervals of time, should nol be 
greater than the repeatability limit (r) as calculated from 
the fonnulas in 'Thble I. 

2. Reproducibility limit-The absolute difference between 
two single test results, obtained with the same method 
on identical test material in differenl laboratories with 
different operators using different equipment. should 
nol be greater than the reproducibility limit (R) as 
calculated from the formulas in Table I. 

3. Trueness (bias)-The bias of the method was demon
strated in the collaborative study of the method (see 'IlIble 
2) to be negligible when used for the determination of 
concentrations of pbosphorus in the range 10-30 mglkg. 

4. Sensilivity-The sensitivity of the method is demon
strated by the low values for r and R at the low absorp
tion levels studied (see Table 2). The limit of detection 
is 0.1 mglkg; the limit of determination is I mglkg. 

Table 1 
Repeatability (r) and reproducibility (II) limits. 

P in edible oil: r= 0.19 x m R =0.30x m 
Where-

m = corresponding mean concentration value 

Page 2013 

Table 2 
Statistical and other data derived from the n!SUIls of the 
interlaboratory test. 

Sample: Sunflower oU 

Batch: A (high) B(medium) C(low) 

Number of laboratories 
retained after 
eliminating outIim 17 17 17 
Number of oulIi ..... 
laboratories 2 
Number of accepted 
results 32 34 34 
Mean value. ms1k8 29.55 20.00 10.18 
True or accepted V1Ilue, 
m8ikg 28.SO \9.00 9.00 
Repealability standard 
deviation. S, in mgIkg 2.30 1.68 0.91 
Repeatability relative 
SWldard deviation. RSO,. % 7.8 8.4 9.0 
Repeatability limit. r. 
2.8 x S, 6.45 4.71 2.56 
Reproducibility Slalldard 

deviation. Sa in m8ikg 3.51 2.33 1.24 
Reproducibility relative 
standard deviation, RSOR' % 11.9 11.7 12.2 
Reproducibility limil. R. 
2.8 x SR 9.82 6.63 3.48 

5. An interlaboratory test carried out at the international 
level in 19&9 by the IUPAC Commission on Oils, Fats 
and Derivatives, in which 21 laboratories participated, 
each obtaining two test results for each sample. gave 
the statistical results [evaluated in accordance with 
International Organization for Standardization (ISO) 
5725-19&6J summarized in 'Thble 2 (References, 2). 

Nom 
Caution 
Cyclohexane is flammable and a dangerous fire risk. It is 
moderately toxic by inhalation and skin contact. The n..v 
in air is 300 ppm. 

NUMBERED NOTES 
I. Both atomization off the wan and atomization off the 

platform can be used. It is not necessary to change the 
temperature prof!tlIDI for the graphite furnace. 

2. The amount of phosphorus found depends on the types 
of phosphatide present in the oil. The addition of 
lanthanum proved to be essential to find the IDIaI amount 
of phosphorus. The lanthanum standard is specified to 
enhance the phosphorus signal and stabilize the phospho
rus so it is not lost Instead of lanthanum. calcium may 
be used. Conostan metallo-organic standards, including 
lanthanum. are available from Interchim, France and 
Conoco, Ponca City, OK •. USA. 

3. The concentration of phosphorus in the blank oil and in 
the lecithin is determined by an accepted digestionlcoiori-



SAMI'UNC.v«> ANAl. ~Of' COt" IEIICW. FAlSANDOILS 
ca 12b-!J2 • Phosphorus by Direct Graphite Fumace Atomic AbsoIption Spectrometry 

meIric medtod, IUPAC 2.421 or AOCS 0IficiaI MeIhod 
Ca 12-55. AI. an aIIernatiw: to leciIhin. a phosphatide 01 
blown purity. e.g.. pilosplllllidyl serine, cooId be used. 

4. If Ibe expected or found ooncaIIraIioo 01 pt>o ....... us is 
hil!her dw! 40 mgItg. diIuIe the sample with blank oil 
(R .... s.4). In dial case, mullip1y the obsa Wid_ 
IIaIicII (DetenninaIioo. 4) wi!h the com:ct diIuIion factor. 

5. WillI a _ gnIIIbiIe lUbe, Ibn:e to four ~d:l OIillIlliOils" 
"'"'" one and Ibe same MlIfWag SCIuIaId...., to be c:anied 
out inoolel' to obIain an Ill. qililllAe _01 equilibrium. 

6. For !hose having a Varian apparatus, !he following 
tempendure JIIOIIIiliil ~ be used: 

Step T....... n..... Gas flow, 
JIO. "C ..., I..ImiD 

I 
2 
3 .. 

120 
120 
SOD 
SOD 

20 
20 
JO 
10 

3.0 
3.0 
3.0 
3.0 

S IfiOO SO 3.0 
6 lfiOO 20 3.0 
7 IfiOO 2 0.0 
8 2800 I 0.0 
9 2800 2 0.0 

10 2800 S 3.0 
II 40 20 3.0 

IEfBIINCES 
I. AOCS Official Melhod Ca 12b-92 .eplaces AOCS 

Reeommended Practice Ca 12b-87. PIlospIionis by 
Atomic Absorplion Spec:liOSCOPY. U!d:ucl Ca 12b-92 
- adopIed from Stmrdtud IIdtotbftw "" Avl.Jui,f of 
Oil.r. ,_ ;md DmwItiws. ............ lIDioa 01 Aue 
and Applied 0Iemisuy. 7!h edn.. BId.-u Sc:iealif"tC 
PubIicaIions, 1987. IUPAC MeIhod 2.423. 

2. Collaborative sftJdy results Jl"blisbed in PlUff: AppL 
CItem. 61:1 191 (1991). 

....,300 
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A Consumer's Guide to Fats 

by Eleam»" Maxfield 
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Once upon. time, we dida' know anything about fat exoept that it made foods tastier. W. cooked our food in lard or shortening. We 
spread b_ on our Im:akfasl toast and plopped sour cream on our bsked potamos. Farmers bred their animals to produce milk with 
high butterfat content sod mest"marbled" with fat because that was what most people wanted to est. 

But e_ since word got out that diet. high in fat are related to heart dise ... , thing. have be<:ome more complicated. &ports tell us 
there are scvcraI diffi::rent kinds of fat, """" of them worse for u.fuon uthers. In addition 1D saturated, monounsaturated and 
polyunsaturated tills, there are triglyoerides, tran. fatty acids, and omega 3 and omega 6 fatty acids. 

Most people have 1esrned somuthing about cbolesterol, and many of u. have been to the doctor for a blood test to learn our cholesterol 
"number." Now, however, it tum. out that there's more than onc kind of cholesterol, 100. 

Almost every day there are newspaper reports of new studie. or recommendations about what to eat or what not to cat: Lard is bad, 
olive on is good, margarine i. better for you than bulter-than again, maybe if. not. 

Amid the wolter of confusing torm. and conflicting details, consumers are often baflled about how to improve their diets. Clearly, 
though, consumers are interested in obtaining this informstion. In • poll conducted by Nielsen Marl<cting R-.h. people were asked 
to selee! the food qualities th.t were "very importsnt" to them, and knowing which food. were low in firt and cholesterol ranked 
highest: 

p"""",....., of oooole who said these food qualities were "very important" to them: 

1 food quality II-tagel 
1 low ca.tIeine 11 312% 1 I low calorie 11 382% 1 I low sodium 11 41.3% 1 I low fatlcholesterol IIS8.6% I 
Text version of lile 1liblc. 

FDA regulation. enable consumers to see ~y on • food producr.lahel how much and what kind of til! the product contains. (See • A 
Little 'Lite' Reading" in the June 1993 FDA Consumer.) Understanding the term. u,ed to discuss filt i. crucial if you want to row sure 
your diet is within recommended guidelines. (See "]<-o! Words."j 

Fa'" and Fatty Adds 

Fatllare a group of chemical compounds that contain fatty acids. Energy is .tored in the body mostly in the form of tilt. Fat i. needed in 
the die! to supply essential ratty acids, substances .... nti.l for growth but not produced by the body itself. 

There are lilree main types of fatty acids: saturated, monounsatursted and polyunsaturated. All fatty acids are molecules composed 
mOlltty of .. rbon and hydrogen atoms. A satufllled fatty acid has the maximum possible number of hydrogen atoms attached to every 
carbon atom. It is therefore said to he " .. turated" with hydrogen atoms. 

Some fatty acids are missing one pair of hydrogen atoms in the middle of the molecule. This gap is: called an "unsaturation t· and the 
fatty acid is said to be "monounsaturated" because it has one gap. Fatty acids that are missing more than one pair ofhydragen atoms arc 
called "polyunsaturated." 

Saturated fatty acids are mostly found in foods of animal origin. Monounsaturated and polyunsaturated fatty acids are mostly found in 
foods of plant origin and some seafoods. Polyunsaturated fatty acids are of two kinds, omega-3 or omega..6. Sdentists ten them a.part by 
where in the molecule the "unsaturations," Of missing hydrogen atoms, occur 

l.._·flu'.",n.~,t-fO:R" fdA Dov!-4mslfdfats.html 
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IDA Consumer RcprinI-A COIllIU!lICI's Guide to Fats Paac20fS 

Rccendy a new _ has 1uD IIddroIto !be filllooQc:oo: _fatty ...... n-.... bypmcIucIs of pII1ioI JJ,dn". "' ••• JIIUGCIII in 
which """'" of!be missio& hydroseft atoms .... put book into ~ fils, Some of!be JJ,dn". .... 1idIy &ids lib: 1M • . ~ -= ~ .... !be _ fatty acids. "Hydrogcma"" ~ oils; """" .... , II" .... 1Iiiiing .... n ..... ioc, "'" 
solid at room 1cmpI:IaIme bcca ... SlJlliabtlminsfatty ..... aUows them 10 peck man: 1igblIy. 

C~ is oortofa ......... offal. Both fal and choIosIaoI boIona 1o ...... fiomiIy of ..... , ... 1 """'1"" ................ All the 
clIoI-.nI1hc body needs is made by 1hc Iiwr. It is uood 10 build coli ...... bnma and bnin and """" __ C ... I 01 ........... _ 
body produce aIc:roid honnones.-led lOr body n:pIatioo, including proco;soing food, and biIo &ids.-led lOr 5g ,. -I. 

PcopIcdodt ...... lD..",.. .... dicIIry"""""'" bccaWIO 1hc body .... mab-.b ... 1 I "'Iilrilll ........ But1hctypioal US. eliot 
00JlIIins aubsIInIiaI &IIIOUDIloof cboIcsIeroI. found in foods """" as .. yoIb.lMr. -'''''''' """"'" .... wId.....n doily 
producIs. Only foods of animal origin contain .......... 01. 

C~ istranspoc1Cd in1hc bIoodsIn:am in Iargemoleculcaofliltandproloill ....... lipopi ....... Cb 1 I "'......, .. "-I ''1 
~pojli_"""'" IJlL..cboIcob:r _.1 I ", .. oflhis Iypc. ~ carried in higIHIenoiI)' Iipopi' I' is ....... HIJL.. 
.. boIeoIuol. 

A_' ..... I I oI· ................ lDtheklUl_ofc:bolesl<mlin!bel>laod.CbtI 01.... ".in ....... ..... 
dceiIiter(lIIIfI'dI) ofblood, (Adceiliteris ..... '" of ok.) Doc1DrB ..... uolCDd that _ bIood • .1. ' 1 01 be ..... boIow2OO..."... 
The ...... k:vd iII_ in Ihis ~ is lOS 10 21SlIIIfI'cII. SIudiea in 1hc Unilod SIIIno and oilier __ how.. . I 117 
......... that_.rul I 01 k:vds oI>ove 200 10 220 mgldl an: Iinbd willi an incn:ued list of "'''''''''Y hart ~ (Scc ~ 
CboIeoIuol" in 1hc Mon:b 1994 FDA Consumer.) 

LDJ.,.oboIoo&or and HIJL..choIosIao IICt diffi:n:ady in 1hc body. A biah k:vd of~ in 1hc blood.... 1hc list of"", 
dq>ooiIs IiIrmintI in 1hc umics. wbicb in tum u...-1hc list of a hart aIIaet, Thus, lDIAhe I 01 has ............. "W" 
.......... 01. 

0II1ho oIhc:r bond, ao ~ k:vd of~..,..10 haw. proIIocIiYc effect IjpIinst hart~ F..-1IIio_ HI)[,. 
~ is otIaI ....... "good" clwIcoII:roI. 

In 1992, • pollOI of modiooI c:xpeI1lI_...-..d by Iho Na1iooIIIInaIiII .... ofHoaldl (NIH) II< • ' ..... " Ihat iDdAiduob ........ how 
their k:vd ofHlJL..choloslao cIIcocIa>d aIoog willi Ihcir _.1: I 01. 

A<conIiDa to 1hc Na1iooIII Hoort. LuIIs. .... Blood InotiIuIc (NIU,B\).. CIAD.,.-of NIH, • bcoIIIry po;raon who illICIt 1I .... _1ilr 
hart dioeuc and wIIooe _ choIosIaoI k:vd is ill 1hc ......... _ (0RIUIICI200 IIIIfI'dI) .............. m HJ:lL.cboIooIrn ..... of_ 
Ihaii 3S lIIIfI'eII. NHLBI ..... _lhaton IDI.:cboIaIaoI k:vd of .... 1haii 130 mgIdI is "deoirabIo" to "m,illli'e 1hc _ofhart 
diseue. 

Some oay _ oIudioo haw sou I i Ihat IDI.:cboIaIaoI is _1ibIy 10 ...... fatty dcpooiII" 1hc __ ifit baa ............. 
• cbanicaI........, known as ......... ' Howevw. ~ findinp "'" not """"PfiCd by" •• IIlill' 

The NIH pollOI oIao IOhiaod Ihat individuals willi biah _ ciK I I 01 or oilier riot faoIIn Iilr ~ hart dioeuc ........ haw their 
IrifIIyecride k:vds cIIcocIa>d aIoog willi Ihcir ~ k:vds. 

TriIIJ<a ........ VLDL 

T~ iI onoIIJcr form in wbicb lilt is transpoc1Cd 1hrougb 1hc blood 10 Iho body __ .Moot ofllle body's ....... 1id iI in IIIe form 
of~ ADoIIIc< ~ Jow..dcaaiIy Iipopiol!:iu. ... VI..DL-hu lhejob of<l1ltlyina bigl_idesillllle I>Iaod. NHLBI 
COJIlIidcn. biglyocride k:vd below 200 IIIIfI'clllD be .......... 

It iI not cleat wIIethea- biah k:vds oflJialyocrides _ iIIaeue an indMduoI's riot ofhart diIeos.llo_ .... IIocy...,. be on ....... _ 
clue that ___ is at riot of hart ..... Iilr o1hc:r ICUOIII. Many people who bm: ~ IJiaIyocrides oIao ...... hiP IJlL. 
cholcolcrol or low ~ People with dial>eD or kidney di two conditiont _ m.:.-1IIe rill< ofhart ,. _ 
oIao_lOhigb~ 

Didaryht .... O 1 kJulLew:Is 

Many people are confuood about Iho effect of diclary fils on cholesk:rollcvcb. At first glance, it ............... bIo 10 1hinI< Ihat catins 
less cholcolcrol would red_ • person', choIcstcroIlcvd. In fac~ eating .... ~ has .... effect 011 blood ... 1 oI ...... 1haii 
eating .... sa!utat<d fill. Howevw • ..,..., studies have found thaI eating choIcstcroI i_!be rill< ofheut ..... __ if it dean, 
inc"","" blood cholesterollevcl •. 
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Another misconception i. that people can improve their choleaterol numbers by eating 'good" cbolesterol. In food, all cholesterol is the 
ssme.In the blood, whether cholesterol is "good" or "bed" depends on the lype oflipoprotein that's carrying it. 

Polyunsaturated and monounsa!Unlted fats do not promote the formation of 

artery-dogging fatty depoaiIs Ibe wayaa!Unlted fats do. Some studies show that eating foods that contain these fills can reduce levels of 
LDL-choIestemI in the blood. Polyunsa!Unlted fats, such as safflower and com oil, tend to lower both HIlL- and WL-cholesterol. 
Edible oils rich in monounsa!Unlted fitts, sueh as olive and canolA oil, however, tend to lower WL-cholesterol without affi:cjjng HDL 
levels. 

How Do W. Know Fat's a Problem? 

In 1908, scientists first observed that rabbits fed a diet of meat, whole milk, and eggs developed fittty deposits on the waH. of their 
-.ies that conmeted the flow of blood NlUTOWing of the arteries by these ratty deposits is called atherosclerosis. It is a slowly 
progressing disease that can begin cady in life but not show symptoms for many years. In 1913, scientists ideatified the substance 
""J'OI'Sible for the fittty deposits in the rabbits' arteries as cbolesterol. 

In 1916, Cornelius de Lsngan, a Dutcb physician working in Java, Indonesia, noticed that native Indonesians bad much lower rates of 
'-rt di ..... than Dutoh eoIonists living on the island. He reported this fieding to • medical journal, apeeulating that the Indonesians' 
besithy hearts were linked with their low level. of blond cholesterol. 

De Langen also notioed that both blood cholesterollevols and rstes of heart di ..... soared among Indonesians who abandoned their 
native diet of mostly plant !bods and ate alypieal Dutch diet containing ,101 of meat and dairy product •. This was the first """"ded 
suggestion that diet, choIeaterollevels, and '-rt di ..... were related in humans. But de Langen's ohservstions lay unnoticed in an 
obscure medieal joumal for more than 40 years. 

Aller World War n. rnedieal researebers in Scandinavia noticed that deaths from '-rt disease bed declined dramatically during the war, 
when food was rationed and meat, dairy products, and eggs were scarce. At shout the sam. tim., other researchers found that people 
who suffered '-rt atlaeks bad higher levels ofblood cholesterol than people who did not have bear! attscks. 

Since then, a large body of scientifio evideaee has bean gsthered linking high blood cholesterol and a diet high in animal fats with an 
elevated risk of'-rt atlaek. In countdes where the average peraon's blood cholesterol level i. \ess than 180 mgldl, very few people 
develop aIberoochlrosis or have beart attacks. In many countries where ,lot of people have blood cholestemllevels shove 220 mgldl, 
such as the United States, bear! disease is the leading cause of death. 

High rstes of'-rt di ..... ...,. commonly round in countries where the diet is heavy with meat and daily products containing ,101 of 
saturated fitts. However, high-filt diets and high rates ofbear! disease don~ inevitably go hand-in-hand. 

Learning from Otber CUItu .... 

People living on the Greek island of Crete have very low rates of heart di ..... even though their diet is high in lilt Most ofthelr dietsty 
fat comes from olive oil,. mooounsatursted fat that tends to lower levels of "bad" LDL-cholesteml sud maintain levels of "good" HDI.
cholesterol. 

The Inuit, or Eskimo, people of AIsaks and GreenlAnd also are relAtivoly free of heart di ..... despile • high-fat, higb-<)holesterol diet. 
The stsplc food in their diet is fish rich in omega-3 polyunwursted fatty acids. 

Some _h bas shown that ornega-3 Catty acids, found in fish such as salmon and mackerel as wen as in soybean and csnot. oil, 
lower both WL-oholesterol and triglyceride level. in the blood. Some nutrition experts recommend eating fish once or twice a week to 
reduce heart discue: risk. However, dietary supplements containing concentrated fish cit are not recommended because there is 
insufllcient evidence that they are beneficial and little is known shout their long.term effects. 

()megHi polyunsaturated Catty acids have also bean found in some studies to reduce both WI.- and HDL-choleaterollevcls in the 
blood. Linoleic acid, an esaential nutrient (on. that the body cannot make for itsell) and. component of com, soYbean and safflower 
oil, is an ornegs-6 ratty acid. 

At one time, many nutrition experts recornmended incrossing consumption of monounsaturated and polyunsa!Unlted fats because of 
their cholesterol-lowering cffi:ots. Now. however, the advice is simply 10 reduce dietary inta"" of all1ypes of fat. (Infants and young 
children~ however. should not restrict dietary fat) 

The available infonnation on fats may be voluminous and is sometimes confusing. But sorting through the information becomes easier 
once you know the tenns and some of the history. 

The ffbottom line" is actually quite simple. according to John E. Vanderveen. Ph.D .• director of the Office afPIant and Dairy Foods and 

-;.'? 
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Government Advice 

DjetaJy guideUn .. endorsed by the U.S, Department of AgooullUn: and the U,S. Deportment of Health and Humlll1 Senices advi .. 
consumers to: 

• Reduce total dic!aly fat intake to 30 percent or Jess oflota! calories, 

• Reduce saturated fat intake W less than 10 percent of calories, 

• Reduce cholesterol intake to Jess than 300 milligrams daily, 

Approval of Olestra 

On lOll, 24, 1996,FDA approved olestra,. f.t-bued substitulc> for conventional rats. For more about lhi. new suhabmce, see: 

• 0Jestra and Other Fat Substjtutcs (FDA backgrounder) 
• FDA APJllOvos Fat Substitute, OIestJa (a 1996 FDA Press Release) 
• OIestJa APProved with Special Labeli!!g (a sidebar that appeared in an article on snack foods in the April 1996 FDA 

Consumer) 
• ~ (an FDA Consumer article) 

Publication No, (1iDA) 99-1286 

This i8 a mirror o/the page at ffTTP:/lwwwfda.pQJ!ocomicatalo'll.fatpid •. h!ml 

Hmm! I Women', HeaItb 
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Richard F. Stier, Consulting Food Scientist 

Introduction 

Fats and oils are an integral component of many bakery products and snack foods. They are 
used as ingredients, as a heat transfer medium for frying, as a release agent, for spraying 
flavors or coatings, as a functional component providing mouthfeel and as a carner for flavors. 
Fryers are probably the largest users of oils and include operations such as industrial frying 
(snacks, doughnuts, filled pastries), in-store bakeries and the foodservice and restaurant 
industries. The amount of frying fats and oils used in the food industry is incredible. Frito-Lay, 
the largest snack producer in this country, uses something in the range of 1,000,000 pounds of 
oils per day in all their plants. The city of New Orleans alone discards up to 2,000,000 pounds 
of used cooking oil each year. Yet despite the dire predictions and warnings of nutritionists 
and consumer activists, usage is increasing. Why? Fried foods taste good. Frying imparts 
wonderful flavors and textures to foods; assuming the oil is properly maintained. 

With fats and oils enjoying such widespread use, it would seem that a quick test for quality 
and/or safety would be a natural. For example, in industrial applications, the majority of the 
ois used are delivered in bulk, so there is an opportunity to employ rapid tests as a means of 
assuring the quality of lots as they are delivered. The second real application for rapid tests 
for fats and oils is during deep-fat frying as a means for monitoring oil quality changes to 
assure that only the highest quality fried product is produced (1). 

Why Rapid Tests for Fats and Oils 

Rapid tests provide a quick and easy means to monitor the quality of systems. With oils, the 
object might be to "clear" incoming lots or test a frying oil to determine whether it is still 
acceptable for frying, that is, it will produce good food. This is the really bottom line for food 
processors. The rapid tests can provide processors, doughnut shop mangers or restaurant 
operators with an inexpensive means of assuring quality and of saving or making money. In 
the late 1980's, a major doughnut chain evaluated the use of quick tests in one region of the 
country. They found that the tests actually increased sales in some stores. Why? Oil was not 
overused which increased quality which lead to increased sales. 

Stier and Blumenthal proposed criteria for the ideal frying oil quick test (2). These criteria can 
in fact be expanded to cover any rapid test (Fig. 1). Another 

FIGURE 1 IDEAL RAPID TEST 

• CORRElATE WITH QFFICIALJRECOONIZEO METHODS 

• EASYTOU$E 

• SAFE FOR USE IN FOOD PREPARATION/F't<OOUCTlON AREA 

• CORRELATE TO FOOD OUALlTYfSAFETY 

• FIELD RUGGED 

,. AlLOW FOR REMOTE REINSPECTION 



criteria not mentioned in the figure is cosl Rapid tests must provide good value for their cost. 
A rapid test with potential applications in foodservice must be an especially good value. For 
these operations, the test must also be easy to use, that is, relatively Frdiot-proor. 

Rapid Tests for Fats and Oils 

Stier and Blumenthal also defined four basic kinds of on-or at-line tests or systems available to 
food processors for assuring quafdy of their operations. These are; 

• Rapid tests conducted by an operator who must then take action based on results 
• Automatic monitoring devices requiring operator adjustment 
• Automatic devices with no control capabilities 
• Automatic devices with control capabilities 

This dscussion wiD examine only the first of these four categories, that is, the rapid tests 
conducted by an operator. There are several instruments on the market today which CIWI 
automatically sample and evaluate oils, but they will be left for another time. The diffelent 
technologies this piece wiD focus on are summarized in FI9.2 (3). Additional infonnation on 
how quick tests can be used for quality monitoring, IroubIeshooIing and other applications 
may be found in Snack Professional (4). 

The bottom line with rapid tests is that the operator must do the test on-line and based on the 
results, make adjustments to the process and/or food handling system. As Figure 1 seys, this 
imprJes that the test should be easy to conduct and safe to use in the process environment. 
For example, tests incorporating glassware and toxic chemicals are really not what one wants 
to use in the plant or in a foodservice operation. 

Let's examine the existing quick tests, instruments and methods for evaluating fats for fats and 
oils which are available to today's processor. 

Coprright 1_. RJdIanI F Stier 
U$ed ...... ~ d1tMt AUlJWJi 2 
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PHYSICAL TESTS (No Instrument) 

There are several simple physical tests used by the industry. These are used to "measure" 
foam, oil color and oil darity. Degrading oils begin to foam due the formation of polymers, 
soaps and other surfactant materials. In continuous industrial processing, foaming is rarely a 
concem. It is a much greater problem in food service operations, doughnut frying or operations 
using batch fryers. There are operators who discard oils when the foam reaches a certain 
height. Some fryers have a "grid" or fuler (much like the depth mamers on the bow of a ship) 
etched on the back side which is used. Others insert a mamer or ruler in the oil and measure 
foam height. This is a simple and inexpensive test, but there is no real correlation between 
foam and food quality. 

Oil clarity is another "quick test" which is used. Some operators feel that as oils become 
damar and less dear, it is no longer fit for use. A clarity test, called the visibility tester, is used 
by Kentucky Fried Chicken (KFC). They use a stainless steel rod attached to shiny silver disk 
or plate. The rod has a scale showing three indented mams which are used to judge 
shortening quality. The shiny disk is lowered into the oil with the depth of insertion monitored 
on the rod. A penlight is held next to the rod, tumed on and the disk observed. If the disk is 
invisible at or above a certain depth the oil is discarded (5). 

The third physical test is oil color. Oil suppliers provide users with a dam colored wand. Oils 
which reach the color of the wand are considered unfit for use and should be discarded. To 
conduct the test, an operator removes a sample of oil from the fryer with a dropper. The color 
of the oil in the dropper is compared to the wand and a decision is then made. These tests 
have no real relationship to actual oil quality. They are also very subjective. A good oil can be 
dam and a bad oil light in color. The greatest argument against color is that it has not been 
adopted as a regulatory tool by any of the nations who have established regulations for 
restaurant frying oils despite its ease of use (1,6,7). 

PHYSICAL TESTS (Instrument) 

GEC Marconi of Chelmsford, England has developed, with assistance of the scientists at 
Leatherhead Food Research, an instrument to measure viSCOSity (8,9,10). The instrument was 
designed to measure viscosity of used frying oils based on the formation of ·po/ymerized and 
oxidized matter" or POM. The inventors selected viscosity as the parameter to measure 
because they felt the formation of degradation products during frying would result in an 
increase in this particular index. These researchers determined that an oil in excess of 15% 
POM was unfit for human consumption. Within the instrument itself are two short vibrating 
steel tubes which are excited by intemally mounted pizocystals. The mode of operation may 
be compared to that of a tuning fom. Dampening depends on the viscosity of the surrounding 
fluid and resonance depends on density. The probe gives continuous readings of these two 
parameters. The probe also contains an intemal thermocouple to compensate for changes in 
viscosity due to temperature. A common cut-off for the probe was defined for which the 
reference value fell between the limit values for this reference value to indicate the discard 
point. The developers feel that the instrument could be used in both industrial and foodservice 
frying operations providing rapid results for the user. The instrument can be modified to allow 
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a digital readout of results (industrial frying) or red, yellow and green lights for restaurant 
operations. The latter instrument would be considerably less expensive. 

The latest /lIPid test to enter the marketplace is FRI-HECK This test was developed by Dr. 
Christian Gertz of Hagen, Germany (21). The test relates the viscosity and density of the oil to 
oil degradation as determined by polar materialS and polymers. The FRLCHECK unit consists 
of an elecbOilic box with a removable steel tube. The tube is filled with the oil 10 be tested and 
maintained at constent temperataure. A piston-like body is then dropped. The falling time may 
be related to percent polar materials. Tests comparing the FRI-CHECK to standard methods 
such as polar materials, polymers and free fatty acids showed excellent correlation. The 
system can be used for monitoring degradation of used frying fats. 

CHEMICAL TESTS (Instrument) 

There are two companieS who have developed instruments for measuring oil quality which 
have been dasigned to measure chemical components in degrading frying oilS. Lanson 
Industries in Boise, Idaho markets two instruments called COAT and RULER and NOI1hem 
Instruments of Uno lakes, Minnesota manufactures and markets the Food Oil Sensor (fOS). 

The COAT (Cooking Oil Analysis Technique) and RULER (Remaining Useful life Evaluation 
Routine) sprang from technology developed at the University of Dayton and Wright l...aboIalOiy 
at Wright-Patlerson Air Force base to monitor the condition of engine oil lubIic8l1ts. The 
researchers felt that the technology could be expanded to be used as a monitor for cooking oil 
quality. The RULER was developed for detennining the presence of antiOxidants, such as 
BHA, BHT, TBHQ and tocopherols) and was designed to be used ·off-line". Lanson personnel 
feel that this instrument is more suitable for industrial opeIalions. COAT is also known s the 
"Smart Dipstick". It is a simple instrument which uses solid state technology that yields at oil 
quality value when the oil probes on the instrument is inserted in hot oil. COAT represents at 
overaft oil quality value. In-house tests conducted by lanson staff have demonstrated 8 good 
correlation with free fatty acids, oil color and smoke point The instrument was also able 10 
detect when fresh oil was added to fryers. They also feel that COAT can also be used as a 
tool 10 monitor performance of filter materials. The manufacturers imply that use of their 
instrument win prevent pre-mature disposal of cooking oils, Ieec:ling to overen cost savings and 
that their instrument will provide more consistent end point readings than other methods (11) . 
Unfortunately, the only available literature on the product is that which has been developed 
internally. 

The Food Oil Sensor has bean on the market since the late 1970's. This sensor monitors 8le 
change in dieledlic constant of degrading frying fats. A sensitive bridge circuit detects minute 
dielectric changes in the 011 (12). Operating the instrument is a two step protocol. In 8le first 
step, calibration, the Instrument is tumec:l on and the sensor cup should be thoroughly deanec:l. 
The cup must then be filled with fresh shortening of the same make and type used in the fryer. 
Tum the instrument on and holding down the test switch, "zero' the instrument. To run a test, 
place the test shortening in the sensor cup. When the 'green" light goes on. depress and hold 
the test switch down. Read the shortening status number. 

.. 
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This instrument has been evaluated by many workers the world over. It is, in fact, used rather 
extensively in Europe. Fritsch et al (13) acknowledged that the FOS provided a good measure 
of oil deterioration, but acknowledged that there were concerns, such as with calibration. 
Studies by Croon et al (14) found that the FOS correlated well with polar materials (the best 
index of oil quality) and triglyceride dimers as a means of evaluating oil quality. Saltmarsh (15) 
described other concerns with the instrument including sensitivity to air currents, long warm up 
period, possible adverse effects of water on results and effects of oils leaching from the foods 
on readings. Northern Instruments is now working to make the instrument easier to use by 
building a self-calibrating feature into it (16). 

3M recently introduced an instrument called the Polar Compound Tester or PCT 120 (22) . 
This unit (Figure 3) allows users to evaluate % polar materials in degrading oils. According to 
the manufacturer, calibration of the unit allows accurate determination of polar compounds in 
the samples. The user places a treated strip in the metallic well of the instrument and pours oil 
through a funnel so it contacts the strip. The operator pushes the "Start" button and reads the 
result when a flashing green light indicates that the sample is ready. Results are read using an 
embossed scale on the lid. 3M believes that the unit is easy to use, precise and will help 
users assure that they satisfY European regulations on restaurant frying oils. 

CHEMICAL TESTS (Quick Tests) 

Chemical quick tests can be a very useful quality monitOring tool. What potential users must 
first do, however, is establish a relationship between what the test is measuring and the quality 
of the food they want to produce (1). This is something which may be determined "in-house" 
or with help from the supplier. As with any product or service available on the market today, 
look at the customer service side of the quick test product. The supplier's responsibilty should 
be to not only provide detailed instruction on how to use the test, but also how to calibrate it to 
provide the best results. Remember, it is the user, not the manufacturer of rapid test 
technology, who best understands what defines the quality of the products they are 
manufacturing. 

OXIFRIT & FRtTEST (Merck) - The Merck Company of Darmstadt, Germany developed these 
oil quality tests in response to regulatory concerns regarding frying oil quality. In 1973, the 
DGF (17) issued recommendations for control of frying oil quality. Among the 
recommendations was that oxidized fatty acids (OFA) be used as an endpoint index for 
restaurant frying oils. In 1979 (18), the organization suggested that total polar materials be 
used instead of the OFA test. These tests were developed to provide operators and regulators 
with a quick and easy means monitor oil quality. The Fritest measures the alkali color number 
and the Oxifrit Test oxidation products. Both lests are colorimetric tests which use a solvent 
based reagent system. The tests are being or have been used by regulators in Switzerland, 
Finland, Denmark, Austria, Luxembourg, Portugal, Norway and Sweden as a monitoring tool 
(4). To use the Fritest, the test reagent is placed into a sample tube to the fill line and hot oil Is 
added to a second line. The tube is stoppered, gently shaken and read against the color scale 
after one minute. The Oxifrit Test is slightly different in taht five drops of a second reagent are 
added to the sample tube before the addition of oil. The colors for each test are used to judge 
the quality of the oil, The Fritest has a four color scale and the Oxifrit three. For Frilest, Merck 
recommends that the oil be changed at color three and that it has "gone off" at color four. The 
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tIree color Oxifrit test recommands 8 change at coloi' two (green) and that at color three (olive) 
the fat is unfit for use. 

ACMlPCM (Oil Process Systems) -The ACM and PCM tests wera developed and patented by 
Uxa Laboratories (19). Patent and distribution rights are now owned by Oil Process Systems 
of Allentown. Pennsylvania. Oil Process Systems, also known by the name of MIr-Oil, 
manufactures and distributes filter materials. The quick tests wera developed as a means of 
supporting the filter business. The ACM test measures alkaline contaminant mataials, whid1 
include soaps. The Mir-Oil product is designed to reduce the ACM load in used cooking oils, 
so ItIis test serves as means to demonstrate efficacy of the system. The PCM measures polar 
contaminant materials (accumulated polar) and was developed as an endpoint test These 
tests are colorimetric solvent based tests. To conduct a test, tubes are placed on a tIat surface 
and hot oil is added to a fill line using a glass dropper. The appropriate solvent is than added 
to the second line and tube is capped and shaken. The colol's which form are than c:ompaIed 
to a color card. The color changes which occur with the ACM are very dlamatic: going from 
yellow to dark blue. 

SHORTENING MONITOR (3M) - The Shortening Monitor was c:Ie\'8Ioped by the 3M Company 
of St Paul, Minnesota The test consists of a white paper strip measuring 1.0 x 10 em (0.3 x 
3.75 inches) which has four blue bands across it. They have are used as a dip test to mea5Ift 
aecumulated free fatty acids, similar to commonly used pH papers. The tests wera developed 
to provide users, especiaRy those in the fast-food industry with an inexpensive means to 
objectively measure cooking oil quality (20). The test strips are delivered in a stoppenM:I vial. 
To conduct a test, the user opens the vial and removes a single strip. The op8Iator gfips the 
slrip at the top and immerses it in the hot oil for 1-2 seconds. All four bands must be c:overed. 
The strip is removed and excess oil is aIowed to drain into the ffyer. After 15 seconds the _ 
is held up to the light and the number of bands which have changed to yellow are counted. 
The approximate free fatty acid (FFA) values for the bands are >2.0, > 3.5. >5.5 and >7.0'If.. 
The test. therefore, would have litHe value in a chip operation In which opetatots geraaly 
slrive to maintain FFA levels at or below 0.50%. This 0.50% level is not cast in slone, 
however. Some operatots have lower values and others higher. Other operations, such as 
batter and/or breaded producls which use higher FFA levels for control. may utilize the test. 
Ms. Gretchen Schildwachter of Fishking Processors, Inc., in los Angeles has found the test to 
be an excellent quality tool In their operations. 

AV-CHECK (Advantec) - Advantec manufactures a test similar to the 13M test _. The test 
is distributed in AsIa by Ajinomoto.This test is used to monitor acid value. The opetator places 
a plastic strip with a Indicator on the tip into the cooking oil. Based on the degree of abuse, 
the color Indicator changes fromdark blue to a light olive green. The dak blue color IndicaIes 
thai the acid vaalue is "0". whereas the light gn!ell is 4.0. The color chart goes as follows: 0, 
0.5. 1.0. 2.0, 3.0 and 4.0. CorrespondIng colors are blue, dark green. light green, olive, light 
olive and very light olive. 

TPM, FFA, & WET (Test Kit Technologies) - Test Kit Technologies has been manufaduring 
and marketing rapid tests for fats and oils for almost ten years. Their first generation test kits 
utilized the solvent technology and color cards employed by the the Mir-Oil and Men:k tests. 
Since that time, they have developed and patented a system called GiTlC or Gel-in-Tube 
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Instant Chemistry. With the GiTlC technology, hot oil samples are collected from the fryer, 
filtered and added directly to the gel. The oil melts the gel and the components of the gel react 
with the oil to produce a color. While still hot the tube is placed in a small colOrimeter and a 
reading is obtained. The reading may be directly related to oil quality and used for quality 
monitoring. Tests are available for total polar materials (TPM), free fatty acids (FFA) and 
surfactant materials or WET for water emulsion titratables. The TPM test is a single phase 
test whereas the FFA and WET tests are two-phase, producing a colored bottom layer, all of 
which are read by the instrument. Tests which may be used with a color card may be specially 
produced for select customers. The FFA and TPM tests are currently under scrutiny by the 
AOAC (Association of Official Analytical Chemists) and could become the first rapid tests for 
fats and oils which receive "official method" status. The potential AOAC status of the FFA and 
TPM tests supports the accuracy the technology. but the tests are not perfect. Tubes must be 
tested quickly or the gels set up, providing false readings and the filtration step adds to the 
handling required. Test Kit Technology staff recommend that users establish their own quality 
parameters or action numbers using the tests, that is, food quality should be related to the 
values obtained with the tests. 

Summary 

The use of rapid tests or instruments for monitOring fats and oils can be of enormous economic 
benefits to food processors. The potential benefits of improved monitoring and control indude 
reduced lab work and all activities involved with laboratory testing, more rapid detection and 
response to process deviations, reduced product costs thanks to enhanced operating 
efficiencies, reduced waste through faster startups and lower rework volumes, faster release 
and clearance of finished goods, lower labor costs, and most important happier customers; 
customers who will continue to buy your products and ingredients. There are oil chemists who 
have some concems about these tests, however. Perhaps their chief wory is that potential 
users do not understand that it is up to them to develop the relationship between test results 
and food/oil quality. 

Rapid tests for fats and oils have also not received the attention that those for microbiology 
have, however. Whereas the microbiological quick tests can be used to test for organisms 
which are acknowledged great publiC health problems or can create major economic concems, 
the overall benefits of oil testing have not been ciearty defined. There is also debate over 
whether abused oils are really a public health issue. Much of Europe seems to think so (at 
least for restaurant frying oils), but the issue is not even an issue here in the United States. So 
can rapid tests payoff for your operation? Those operations who have adopted such systems 
have reported paybacks, but this is one area that each and every company must look at for 
themselves. 
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SMlPlING lIND ANALYSIS Of COMMEIIOAI. FA151\ND OIlS 

AOCS Offidal Method Ca 12-55 
RopIoad~ 12·S1'1tti¥P_ 1991 

Phosphorus 
DEfINmON 
This medIod determi_ phosphoIus or the equivalent phospbatide COI1IeRt by ubi. the AI'IIpIe ill 
the ~ of zinc oxide, followed by the spedropboIometr _ of pbosphoIlIS 85 a blue 
pbosphomoIybdic acid complex. 
SCOPE 
Applicable m crude, degummed and n:fined vegeIIIbIe oils. 

APPAIIATUS 
I. Vyc:orcrucibles, orequMdent ...... ofwilhslllJding 

a mullle furnace IeillpCialllle of at least 6OO"C, SO mL. 
2. Waldl glasses 75-mm diameter. 
3. EIec:Iric hot plJde-wiIII rheosw eootroI. 
4. Mullle fluiJaC~ widt pyrometer and suitable_Is 

m maiDlain a ~ of5S(HiO()"C. 
5. FunneI---gIass, short SieiII, SO-mm dianlllllli. 
6. Filter papcr-asbless. 9O-mm diameter. WbaIman 110. 
. 42, or equivaImt. 
7. Wasil boItJc-lliIer. for use widt hot __ 
8. Volumetric flasks-50. 100. 2SO and SOO mL. widt 

glass stoppel&. 
9. T\'ansfer pipels-2, 5. 10 and 2S mL. 

10. Pipet Mobrtypc, 10ml.., willi O.I-mLsubdiYision$. 
II. Speclrophotometer_linl the requirements of 

AOCS Official MeIhod Cc /3c-SI), at a minimum, capa
ble of measurinl IIbsoIbaace 81 6SO am willi a tqlIIIIa
lJiIity of 0.5'1>. 

12. Cuvettes-I.OOO z 0.005 cm. for use iu the visible 
Jegioo of the Spectnd". 

RfACENTS 
I. HydrocbIoricacid~spgr 1.19 (see 

Noces, Cmodon). 
2. Zinc oUde C(JInmen:iaJ grade or J'eII8IlIIl grade. 
3. Potassium bydroxide (KOH) pellets-n:ageat grade 

(see Notes. Cmodon). 
4. Sulfuric acid ~~ sp gr 1.14 (see 

Noces, Cmodon). 
S. Sodiwn moI)Itd· ...... II grade. 
6. Hydnzine sulfa1c--tagent grade (see Notes. c-wn). 
7. I'<lIusium dibydn>gen ~ grade. dried 

at 10lOC for2 bebefon: use. 

SOlUTIONS 
I. Sndium mo~ add 140 mL of coacen

trated ~4 to 300 mL of distilled _r. Cool to 
room 1eiJ1pCi_ and add 12.5 I of sodium moIybdaIe. 
Dilute m SOO mL willi distilled _. mix IborougIIly 
and allow the soIIIIioo m SlSIId for at least 24 be before 
use. 

2. Hydruine sulfate. 0.OI5'!I.-Dissolve 0.150 g of 
hydnzine 'IIHiIIe ill I liter of distilled __ 

3. PoIassium hydroxide, 5O'lf> soIlitioo-Dissolw: SO g of 
KOH in SO mL of distilled water with coolillg (see 
Notes. CmttioII). 

4. Standard pt ..... - soIutioIt-
(a) Staadanl stock soIutioa pacpazed by dilMJlyill, 

1.0967 g of dry jIOIaUium dih)dlSiF" pt ....... 
(Reall"'ftU, 7) ill dillilled _ aDd dihiIiIIg to 2SO 
mL ill a wlunldlic flask. This aoIlIIioII ..... iM I 
rna of phosphoIlIS per mL. 

(b) Standard working aoIlIlinII-pi ..... ed by piJldling 
5 mL of the standard stock soIutioa iatu a SOO-mL 
volumetric fluk and dilating to voln_ witb 
distilled water. This IOII11io11 ,e.,. t' .. ClOi me 01 
p/toIIphonis per mL. 

PItOCEOUIIE 
I. Weigh 3.0-3.2 :t 0.001 , of sample Intu a Vycor 

C11ICIDle. Add o..s I of zinc oxide. 
2. Heat slowly 011 • hot ptate until the AI'IIpIe *ichms,. 

then gradually increase the heat until the .... is 
C(JIIIFI 1:ly duIned. 

3. Place the auelble ill • mutne liInIace .. SSO-alO'C and 
hold for 2 br .. Remove aacl cool.... . leM w 

4. Add S mL of distilled _ and S mL of eeN. :; .... 
HCImthelllh. 

5. Cower the Clueible willi. WIII:b .... ad .. eo IIJIIIIe 
boil (Qr 5 min. 

6. Filter the solation intu. 100-mL ¥OI.-H: fIuk. 
Wash the iaside of the WIIIdI .... ad the sides of the 
ImICibIe widt IiIIoat S mL of hoc diIIiIIed -. .... 
wash botde with a fine stream of water. WuII the 
aucihle and the fiJIer JIIIIIIIII' willi rour addiIioaII S-IIIL 
pcxIioIIa of hoc dillilled __ 

7. Cool the soIulioB to .... a.ft::R+ti-:n_-ad -.he eo 
• fiIint IIIIbidity by the dnlpwiIe .. liIiaD of SO'5 IWH 
soIuIion. Add .... call&ted HCI ............. the Iliac 
oUde pn:dpiIate is just dissolved, thea add 1 addiIioaII 
dnJps. 01_ to volume willi distilled __ aDd mix 
1horougIIJy. 

8. Pipet 10 mL of this soIutioa iatu • '*-. diy SQ.mL 
~fIask(_NoIIes.I). 

9. Add 8.0 mL ofhydruiae snIfate ........ ad 2.0 mL of 
sodium mo/ybcIlIIIe aoIuIioa. ill the onIer ghaI. 

10. SlqJper ... iaveIt line 01' rour limes. Looaea the IIIIIp
per and .. for 10 z 0.5 mill ill • viponsIy boiling 
_bath. 

II. Remove from the baIb, cool 10 2S z S"C ill a -1IIIb. 
dilute 10 volume and mill dIorougIIIy (see NoIIes.l). 

12. Transfer the IOII11io11 to a clean, diy aM!IIIe. Mc=Mun> 
the IIbsoIbaace at 6SO am widt the iastmmenI acljusted 
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to read O'lll absorbance (IOO'lll transmittance) for a 
cuvette containing distilled water (see Notes, I). 

13. Prepare a reagent blank with no added oil by fullowing 
the procedure as described in Procedure, 1-12. 

14. Measure the phosphorus content of the sample and the 
blank by comparison with the standard curve, obtained 
as follows: 
PreparaJion of Standan/ Curve 
(a) Pipet 0.0, 1.0,2.0, 4.0. 6.0. 8.0 and 10.0 mL of the 

standard working solution (Solutions. 4, (b)1 into 
50·mL volumetric flasks. Dilute each to 10 mL 
with distilled water, using a measuring pipet. 
Proceed as directed in Procedure, 9-12. The 
aliquots respond, respectively. to 0.0. 0.01, 0.02, 
0.04, 0.06. 0.08 and O. \0 mg of phosphorus. 

(b) Plot the absorbance of each standard against its 
phosphorus content in milligrams on linear graph 
paper. 

CALCULATIONS 
10(A-B) 

I. Phosphorus, 'lII = W x V 

Where-
A = phosphorus content of sample aliquot in mg 
B = phoaphorus content of blank aliquot in mg 
W = mass of sample in g 
V = volume of aliquot taken in Procedure. 8. 

2. Equivalent phosphatides. 'lII '" 'lII phosphorus x 30 (see 
NoteS, 4) 

NOns 
Caution 
Hydrochloric acid is a strong acid and will cause severe 
burns. Protective clothing should be worn wben working 
with this acid. It is toxic by ingestion and inhalation and a 
strong irritant to eyes and skin. The use of a properly oper
ating fume hood is recommended. When diluting the acid, 
always add the acid to the water, never the reverse. 

Potassium bydroxide. like all alkalies, can bum skin. 
eyes and respiratory tract severely. Wear heavy rubber 
gloves and face shield to protect against concentrated alkali 
liquids. Use effective fume-removal device or gas mask to 
protect respiratory tract against alkali dusts or vapors. 
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When working with extremely caustic materials. sueh as 
potassium bydroxide. always add pellets to water and not 
the reverse. Alkalies are extremely exothermic wben mixed 
with waler. Take precautions to contain the caustic solution 
in the event that the mixing container breaks from the 
extreme beat generated. 

Sulfuric acid is a strong acid and will cause severe 
bums. Protective clothing should be worn wben working 
with this acid. It is an oxidizing agent and should not be 
stored in the vicinity of organic materials. Use great caution 
in mixing with water due to heat evolution that can cause 
explosive splattering. Always add the acid to water, never 
the reverse. 

Hydrazine sulfate can cause eye, skin and mucous mem
brane irritation. and liver and kidney damage. This com
pound is a known can:inogen in laboratory animals, causing 
lung and liver tomers in rats. It is a suspected human car
cinogen. Precautions in handling this compound include use 
of gloves. eye protection and respiratory protection. Avoid 
the inhalation of dust and powder. Dispose of waste material 
and waste solutions in a proper and safe manner. 

NUMBERED NOns 
I. If the absorbance of the colored solution measured in 

Procedure, 12 is too higb (>0.9). take a smaller size 
aliquot of the sample solution than specified in 
Procedure, 8 (e.g .• 2.0 mLl. dilute to 10 mL with 
distilled water using a measuring pipet and continue as 
directed in Procedure. 9--12. 

2. Samples of higb phosphorus content may still give 
absorbencies >0.9. If this is the case, pipet I 0 mL of the 
sample solution prepared in Procedure, 7 into a 1000mL 
volumetric flask and dilute 10 volume with distilled 
water. Carry out the color development sequence noted 
in 8--12, using an appropriate size aliquot dilated to 10 
mL with distilled water. Multiply the phospborus 
content obtained. using the equation in Calculations, by 
the dilution factor (10, if following the procedure 
described in Ibis paragraph). 

3. No unreasonable delay should be incurred between 
developing the color in Procedure. II and measuring 
the absorbance in Procedure. 14. 

4. This is an approximation for converting percent phos
phorus to percent phosphutides in soybean oil 
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AOCS Recoi,.I_1Ied I'radke Cs 1-83 
..., • .-1991 

Correlation of Oil Volatiles with 
Flavor Scores of Edible Oils 

DEfINITION 
This meIbod provides a ii:piesenllllive COIIdiIioa f« sample ptqMillioo ad pi ............... for ihc ...ry.. 
sill of gas ~ic voIaiiles. sucb all dim:t injeI:Iion. sIIIIic ..... h'_ and dJ-* lIeId
=~-: ~;:'IO permit ihc genonIioo of corteIaiioa faI:ImI f«, tg I""" oil fIawIr. 

SCOPE 
Applicable 10 all doii1iestic: deocIoIized edible • tgl I'" oila willi pi , liallflllliallioa ID odter_
eel edible oils. 

PRINCIPlE 
I. \\lIaIiIes isoIaatd ad Ii IFtd Iiom edible oih .... beaI 

shown to be ta.d to.oiIlp111ily (see ReI<o .. -. 1-7), 
2. Tbe isolated voIaliles I...,. seat those formed by die 

Iftatdown of hydroperoxides ad 0Iber flavor pRCIII'
SOlS as well as other free volatiles present in the 
samples. 

3. Tbe volatile procedure offen an objective _ of 
CMIuaIing oil qwWty ad stability. if used under stan
daudized COIIdiIico ... 

4. CorreIa1ion studies Ilea- volatiles ad __ panel 
""",Its f« each pIII1icular oil. or processin8 -. 
such all bydiOjltiIlllioll, _ nee, ssary. 

PROCEDURE 
I. Specific samples should be IIOIed under IItllDdan1iud 

CIOtIdirions ofJiPt or lIb.rr: ofliflht, ...,..._e ad 
lime prior to analysis by a f«maI __ panel ad one of 
tile volatile n_eaDelat ta:Imiques. 

2. A typical prtx:edme. giYea oaIy as a .efta ....... to show 
tile COIIdirions of IXlIIIroI of SkJrIge history. might be as 
foIIoon-
(a) The sample of oil is IIOIed in a 24O-mL clem: sJass 

boIIIe.wiIIl 2.2S em ofhe ..... ~. A _ cap is 
ligllteued to a ___ IOrqUe. 

(b) ThesampJe is tt.. maintained at room ......,.. 
IlIJe (22-25"C) or under SdlaaI oven o;QDditions 
(6O"C). Slorase time would normally be 2-6 
IIlOIIths at room temperalllJe (22-25"C) and 2-8 
days at liO"C. 

(c) A seperaIe sample bottle (for each voIalile ad 
taste analysis) is taken al time zero and then 
repeated once a week for a minimnm of three 
analyses durirJs ihc SkJrIge period, 

(d) See Method Cs 4-94 on VOlatile Organic 
ConIptlU.oris (VOC) in rats and oils by gas dIro
matograplly for desc:riptlons of three ps c:hro
JIIat08I1IPhic -mods: dim:t injeQion. static head
spaa:. and JIIl1'F and blip. 

(e) See MedIod Cg 2-83 on Flavor Panel Evaluation 

of Veptable Oils for desc:riplioas of --,. 
medtods. 

(I) Volaliles should be meuun:d ..,.inst a tnowa 
iatemaJ standanI, or if not feasible. .. external 
stsadatd for fiaaI quaM.ation. Specific compo
aentll, sucb as __ I, ...... be used for ..... ,. 
lion; ~. toIaI ¥OIatiIes .. ...... lied for 
moat appIkalioes Rau1ts .. -ny..... 'as 
total parts per milliOll relative to a ataIIdard. 
although i ' ,,_ comB.., be uaed. 

(s) Correlation of volatiles willi _.-. _ CD 

be esIUIished by .... Iiaea' ..... ;Ae I. lIiOli 
anaIysisOlla!ll!riesof ' ...... _ihcSlUl'-
• period, ThIIII volatiles CJlZ ...... ID tIIeir top. 
riIbms .... been piefe ... d for_, ' 'ion iIi_ 
piocedutes VI. _ .,.... _ (lte' --. I 
ad 3). In eitber respect. ihc ..... die'? .. 
tile _mlilble will be tile _, IM"_ 

(b) The precision of die...,.. sbouId..., be CIIIcD
Iated • diffca ..... Ie¥eIs of wIiItiIes 10"1 Hhh ihc 
Ie>Id of apec:Ied em.: s.:t. iepiodoc:ilJility ..... 
ies should be establislied prior to aile""" to 
estabJis1Ila11e pallid awn 1 •• _ 

IIEfEIIENCI5 
For • Hst of ief_ for fIawIr 'IIIDIIIiIe .. I dB. 1I ..... ca .. 
filII, utilized in collaborative Siadies of the Fla_ 
Nonlelod •• ue eoo •• 1iIIee .. Jteleieno:es, 6. 

I. DuPuy. H.P~ ILl: Rayner. J.P. w.Is"",1II. ad M.O. 
l.qendie..IAOCS Sf:445 (1917), 

2. WaldUlI8. AA. and H. Zmw hillllin JAOCS 34:454 
(1917), 

3. Jackson. H, W'n and D. Oiacherio • .IAOCS 54:458 
(1917), 

4. Warner. K... c.o. B'-. Oll. lJst, H.P. DIIPlIy. U. 
Wads_nil. ad O. B. OoiIeeD,.IIIOCS 55:252 (1978). 

" Min. D.B~J.IbrNISd. 46:1453(1981). 
6. WahtiJI8. A.B...IIIOCS 59: 11M (1982), 
7. Sayder. JM,. B.N. Frankl:/., B. SeIte. ad K.. W-. 

JAOCS 65:1617 (1988), 
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SllMPl.1NG AND ANAl YSlS Of COMMfIlClAl FlITS lIND OIlS 

AOCS Recommelllded Practice Cg2-83 
~1997 

Flavor Panel Evaluation of Vegetable Oils 

DffINtnON 
This method provides a standardized technique for Ihe sensory evaIaaIion of edible w g I He oils. It 
~ standard prep8IlIlion and pesenllllioo of samples. as wen as !be procedoua for tasIirc 
and scoring Ihe oils. 
SCOPE 
Applicable to all deocIorized edible vegetable oils, with poIeIdiaI applic:alion to oIbes- • 1 edible 
oils (see NOleS, I). The scales for boIh inteasily and qualily are applicable to .- -me sibMIions 
from qualily _I to research SIUdies. 

Al'PARATUS 
I. Isolated _ pIIIId room-

(a) Thmperature range, 24 :I: I"C. 
(b) Lighting. while and red f1uo_nl light, with 

while light to provide 80 foot-amdles of light on 
table __ of individual booth and red light and 
white light to be opei&ted separa1dy or together. 

(e) Fihered air. under positive pressure 10 create an 
~ out of Jlllll"1 room to a.ljacenl areas. 

(d) IndMdoaI booths for Jlllll"lists or tables with 4S
em ( I S.in.) high dividers to separate Jlllll"Iists. 

2. Sample presentaIion IllellSiIs
(a) so-mL covered glass beakers. 
(b) AJumioom blods, drilled to !12 Ihe height of !be 

glass beakers. to e-'ilorably hold 4 beakers. 
(e) Hill plate or oven c:apabIe oflialing Ihe aluminom 

blocks to a _ II:mpellIture sudI thai !be oil 
anains a tempeIlIture of SO:l: I "C. 

IIEAGENTS 
I. CUhon-filtered tap water-beall!d to 38"C. 
2. Reli:nlnc:e lIIImdanIs for oil quality and intensil)'--COft

sisting of one or a group of the following. which, 
immediately after pepvation, were COIISI8RIIy flushed 
with IIiIro!Im IIIIIiI stored fmzen (SIO"C> in glass jars 
completely filled with 110 head ....... for up to I year. 
The jar size should be .....,..... for Ihe needs of !be 
panel for a aingIe day's evaIuIIIion. Any excess refer
ence oil from an opened jar shOl1Id be discarded. 
(a) Control. lightly hydengellated-IOO-IIO incline 

value (N) soybean oil doGbIe deodorized, with 2 
ppm citric acid lidded after deodoi izaIion as a ..... 
SI:8WiIfIl'lI". ~- should be 8-9(1-10 scale). 

(b) Buttery odorIfIavot-Store control (a) 1 days at 
6O"C (14O"F). air exposed 

(e) Hydrogenated odorIfIavor-Add fleshly hydro
genaII:d. uMencbized soybean oil (100-110 N) 
to a COIIIroI (a) at aleod of2S ... 

(d) Bitler tart: 0.1" eaffelne in • good COIIIroI. 
(e) Raw, grassy odorffIavor-I" 1I ........ ized, crude 

soybean oil in • good CODIrOI. 
(f) Corny odorIfIavor-S" .....Jendorized rom oil in 

CODIrOI(a). 
(g) Rancid odorIfIavor_ leed oil aged <:4 days 

at 6O"C (140°F) (Schaal oven tert) to a prroxide 
value of between S and 10. 

(h) Painly odorffIs_-Iow erucic acid dJIIIf"Cd oil 
aged :dI days at 6O"C (14O"F) (Schul _ -> lID 
a peroxide value ofbetw_ IS and 20. 

PREPARATION AND I'IESENTAtION OF 011. SAMIU 
I. Up lID ftJur SCHnL glass betIIcas " •• .. 10 mL of oil 

eacharec:apped withs ............. &I __ 
arepla:edilll~_of.""'._"bkdt. 

2. The a1umilllllll blocls c::oncainiD& Ihe be.tllIS _ ...... 
ed in a cin:ulating air CM:II or 011 .. elecvicaIIy COlI
troned hOl pIaar. 

3. HOl plate or OYeR 1eII1jlti_ is III!jusa:d sueh ... !be 
oil is maintainrd • SO:l: I "C. 

4. Oils 1111 beated ror 30 min in die dark prior lID savin& 
and should be CMIIuaIr:d wiIIIia 30 "IIcfi!iIMal minn II' 

S. If Ihe pud size is ...., ___ to p:mIit Hia&. l1li-
Iirtic:aI design (i.e., CodII-. aDd OIl!.; _ R [ -. 
I). !ben perlMtarioas of !be .... of sompIe pi b
linn _ he""""" 

6. Samples should be c:oded ........... ___ of. 
leartldigits. 

ODOR AND RAW)! TESlING Pllt:- HIUaS 
I. Odor is used in Ihe foBowiJc m lID lilt die .... 

of sample evalllIdicla if !be paneI_ is 100 -U for II 
valid ............ MatiIlljcaJ desip to "'IN! beea us:d lID 
exI8bIish plesa:wioa ..... 
(a) Oils 8ft: evaIuMed for odor ill die .... ill wIIidt 

samples 8ft: "II .... fnaleft lID rip!. 
(b) Cow:red beaUr is swided _Ii ... to_. 
(e) eo-is ledlDWed 8I111:1*::r 1IIif&!be W'JadIes 
(d) Beaterisswided"'ifllO y. 
(e) Sample with !be.. ',sO odor is end $ 16 ... for 

n.-; !be n:maiaiIIc ...... 8ft: evaIUIIIed in !be 
.... ofina ......... I II,. 

2.~-

(a) Unless ..... his ~ used lID "d! .. e; I '" 
ont:r.eu I... ......... e.jJ fAI!.!i left lID .... 

(b) 10 mL of !be Oil is IIb:n into !be .... aad ..... -
oughIy swished d.' .... !be ..... or aged 
0II1he tonaue while air is ..... _or throu&h it. 

(e) Oil is ex..,. .... &ted into JIIIIIIeF _ cups. 
(d) OuIJon..filtered tap _ ~ to 38"C is used to 

rinse !be mouth before testing and after lesting 
each sample. 
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SAMPlING AND ANAL YSlS Of CQMMfRCIAL FATS AND OILS 

Cg 2·83 • Flavor Panel Evaluation of Vegetable Oils 

EVALUATIONS 
I. Overall scores for quality or intensity-

Note-Quality and intensity levels on the scale must be 
defined for each specific oil type prior to using the 
scale. Listing specific flavor characteristics. such as 
bullery, rancid, etc .• directly next to specific scores on 
each scale is not recommended. However, taste !esters 
should be InIined to recognize various quality or inten-

Nmre' ______________________________ _ 

sity levels based on specific flavor characteristics of 
each oil type. 
(a) If the objective of the !est is to evaluate overall oil 

quality, the scoring scale in Figure I is recom
mended. This scale is appropriate for oils with dis· 
tinctive flavors, such as com. peanut or olive oil. 
Standards for the various quality levels should be 
determined by the flavor panel for each type of oil. 

Dme ____________ __ 

Directions: Thke S 10 10 mL of -.n oil into the mouth, pull air through the oil and evalume the flavor by exhaling through the nose. 
Mark on the iIlIensity scale below the .",..",ul flavor inrensity for the sample. 

Quality 

JO Excellent 
9 Good 
8 
7 Fair 
6 
S Poor .. 
3 Very poor 
2 
I 

Overall quality """"" 
Sample numbers 

Figure 1. Scotl!liheel for fIawr ... aIitY .... luation. 

Narne ______________________________ _ 

Descriptions 

Nutty 
Bu~ 
Corny 
Beany 
Hydrogenated 
Burned 
WeedY 
Grassy 
Rubbery 
Melon 
Painty 
Fishy 
Other __ _ 
Otherc-... __ 

Date ___________ __ 

Description intensity 
Sample numbers 

DI",cliorts: Takt: S 10 10 mL of warm oil iI1Io the mouth, pull air througb the oil and evaluate the flavor by exhaling through the DOse. 

From the master list of descriptions, list the one(s) appropriate for this sample and intlicate the amount of flavor. 

Intensity 

10 Bland 
9 Trace 
8 Faint 
1 Slighl 
6 Mild 
S Moderate 
4 Definite 
3 Strong 
2 Very strong 
I Extreme 

Overall intensity scores 
Sample numbers 

Figure 2. Scorl!llheet for flavor inlensily evaluation. 

rage 2 of3 

Descriptions 

NUlty 

Buttery 
Corny 
Beany 
Hydrogenated 
Burned 
WeedY 
Grassy 
Rubbery 
Melon 
Painty 
Fishy 
Olber ___ _ 
Oth"" ___ _ 

Description intensity 
Sample numbers 

I 
1 
• 
1 
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SAMI'I.ING AND ANAlYSIS OF ~ FATS AND OIlS 

AOCS 0fticiaI Metllod Cd 11b-91 
.....-1997 

Determination of Mono- and Diglycerides by 
Capillary Gas Chromatography 

DERNIlION 
'Ibis medJod is b'!be delelmiIIaIioa of mono- and digIyaIrides by apJIaIy OLe. Mono- _ ~
erilles are 00IIYeIIed with bis(trime1hylsilyl)lriOuoroaceoamjde (BSTFA) and 1rimeIby~ 
(1MCS) in pyridine inIo more \'OIaIiIe trimeIhyIsiIylelber derivaIiws and delelmiDtd by apilIIry OLe. 
SCOPE 
1l1is medJod is applicable 10 I1lOIIO- and di&lyceride _iilea ___ and cfi&lyceaides ill flu 
and oils (see References, I). 0dxIr emulsifiers and 1:1","'" of fils _ oiJI, IIUCII. Jlyc:eloI.liIay 
acids, sterols. etc., nwy be COIMI1ed inIo !be b intethylsilylelber derivaIha and .w)'ZIId by !be _ 
OLe pnxed1m:. For !be idenlificalion of !be COIl1pOIII')8l5. coupled OCJMS may be ad. '._ 

APPARATUS 
I. Gss clJmma!clj'''''' widl split injeclioo or oo-eoIumn 

injecdoIl (see Nola, I). oven tcmperIIIUR: programming 
and flame..jooj7l!ljon cleeo I ••. 

2 Recording pllellliOIllClU. 
3. EIt.cbonic integIlIfiIr. 
4. CoII111111--<:8piIlaJy. glass or fused silica, surface ruDy 

delIilIi.8Iied by silylation agent (see Noles. 2), 15-2S 
m, 0.25-0.35 mm i.d., coaling SR-54 (or oIber ~ 
willt similar polarity), film dlickness 0.1~.2 pm (see 
N-.3). 

S. ()pnIin& coodiIioos' 
-split injcdioo (split IlIlio I: I~ 1:50) 
-<Iifect injection (splitless, hold for 1 min) 
-iojectioo port 32O"C (or b' on-coIumo ibjcctioll6O"C) 
-coIunm inilial 8O"C (or b' on-coIumn 6O"C) 
-prognun nile 10"CImin 
-final1UiIfiei- 36O"C, hold 15 min (see Nola. 3) 
-del :1lOI 35O"C 
---arrier gas flowS mL FIeImin (8I8O"C) 
-iojcctioll wIume 1-5 pL 

6. AllMllOInatic SIUIpIer is ~ (see Nola. 4). 
7. Sue. cap vials-2.5 mL; or crimp-Iop vials for _ 

SIUIpIer (e.g~ 20 mL), with TefIoo .... t.=I septa (see 
Nola, 3). 

8. Heating device b'vials-1O"C. 

ItEIoCENTS 
I. N,N-bis(bunelbylsilyl)tJiO_OiIl Clidlide (BS'IFA). 
2. TrimClbyIchlonilane (TMCS). 
3.1')ridine--aa1y reapl grade. kept __ KOH <see 

Nola, c-;..). 
4 ..... ~ analytical RIIIFI1lJllile (n ...... 9'JilI>). 
5. ~IC>ifFIlJllile(seeNola, Oadion). 
6. RefetuIce n-naJs-glyceroi. plllmilic: acid, 1-peImi-

IDyl glycerol, I 7 oyl gIycuoI, l,2-dipaImitoyl aJyc:-
crol, l,3-diplllmilOyl Blycr:roI, 1.2. dille U'DYI glycerol. 

7. Inlemal standard soIution-preparec! by accurately 
weiglling approximately 100 rng inlemal SIandard n
IeII1Idecane ilIlO 1000mL w1umeuic n.st and diluling 10 
w1ume willt pyridine. 

8. Reference $OJuuon-prepared by accurately weigbing 

"llP"d I Iy 100 ms of d n ". 7 r (e.g.. JIyc
eroI. fatty acid, -- .... diacyI Jlyc:eloI) - _ 
rIIdy ftiglling ~ 100 .. of" + I 
inlO !be same 10--mL w)m ....... n.st _ dilgtiag 10 

wIume wiIh pyridine; or ... ........ 7 Iy 100 .. 
of a mixIIInI Wiltlliniic __ <e.c., 5) ldae cr.-.. 
als and 1HeCi+ Nee, eads WiiipIiitd .... ..- ill 
about !be same quIIIIity, iaIo a 2-l1li.. vol 'lie .. 
and diIaIe 10 wIume wiIh PJIidiue <see Noles, 5). 

PIIOCEDUIE 
I. Sample soIlIIioa-Accaa:ly ........ "iII n ., 10 

RIll of lIorungenized IIIIIIpIe of _hjfierh .... n • 
or 50 mg of oil& _ fils UN' • 7 • '" : ..... iaIo a 
2.S-mL _-cap vial wiIb 'DIftga1N..firoced .... Add 
0.2 mL BS1FA and 0.1 mL TMCS. _Ibm 0..1 mL of 
iaIemal SIandard solution (R 'I I. 7) co: • • h, I 
ml n-tetradecane to the .ample (see NOles. 4). 
MoiSlUn! must be wetly exdllded. a- vial .... 
sIIakc viao-slY. HeM !be .-=tiaa """'- ill ...... 
device 81 1O"C b' lJIIIIV"in ' Iy 20 miD. fIiect 1-' 
pL of!be .-:lion IIIildIn inIO !be .. .... 7 .... 

showin& a subIe __ line. Avoid....., ofGC 7 , ... 

1'bc .-:lion is caried out _ times, __ iajec-

lions ......... JII'I' II*:Iion <_ Noles, 1 - 2). 
2, Rel'tiencesolulion--Addo..IOmLofcc' we ... h

<R.... II" 8) inIo vials and ... !be silylIIliIc ..... 
0.2 mL BSlFA and 0.1 mL TMCS (DO iIIIuaI _ 
dIIrd sobIIion is added). HeM !be II*:Iion __ _ 
inject inIo !be gas clu0ili8lllp8jAI • described __ 
(see Noles, 4). Use a CUM ....... ...,c of ufaence 
__ lis similar 10 !be mnae of !be ' ' ... n Ii 10 be 
qIIIIIIIifird in !be IIIIIIpIe IIOIuIioIL A plot of Itlp_ 
fact« 'VS. COD' dlll ....... efu e ,...,. rei .., be 
usetilllO cbect I' ity <see Noles, I _ 2). 

3. RC$pOIIsc facIon.-Cbeck "If lIB'" r-. peri0di
cally. RapoIn;e r-ors Il-ad be __ ~ 
0.5. Lower _poase facnOB iadicate some loss or 
drcoIaposilion, Use a conc:rabatinn fIDIlC> of 0.5-10 
mg/mL of compooeau in both die refenence aDd 
sample solutiOllS, See Calculations, parqraph I. b' 
cak:ulauOll of response factors. 
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SAMPlING AND ANAlYSiS Of COMMERCiAl FATS AND OILS 

Cd l1b-91 • Determination of Mono- and Diglycerides 
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AeIenIIon lime (min) 

A 

30 40 

B 

~ i ~1 22 

30 40 

Figure 1. 1Jpic:aI dllo .... tograms of IrimelhylsilyledMo derivatives of mono- and dI&lYcericlet: A, ref"""""" ItlIndards and B, 
mono- and dl&lYceride enwlsifter. The silylation proc:edure, column specillcalionl, operating conditions, and pea/< identiflca. 
lion are as follows: (a) Si1ylatfun-Siomple size, 10 "'11 reapnb, 0.1 mL pyoidi .... containing 1.0 mg .... tetl'adecaM, 0.2 mL 
ISTFA, 0.1 mL TMCS; reaction time, 30 min al 70"C. (b) Column-25 m x 0.31 mm i.d. ~ silica; 0.17 fUll film Ihiclmess 
(5% phettylmethyl silicon, Ultra #2, Hewlett·Packard). (e) Operating conditio_Injector, 320'C; hold 15 min; detector, 
350·C; carrier gas, He,5 mUmi", 800C. (eI) I'NIc hkntification-lS, n·tetradeca .... (internal standard); 1, &lYcerol; 2, di&IY'" 
erel; 3, hexadecanoic add; 4, octadecanoic acid; 5, glyceroll-telradecanoate; 6, glycerol 2.hexadeeanoate; 7, &lYcerol 1· 
hendeeanoate; 8, glycerol 2 .... ctadecanoale; 9, glyceroll .... ct .. decanoale; 10, glyceroll.jcO$anoate; 11, glycerol 1· 
docosanoate; 12, glycerol 1.lelradecanoale-3-hex.decanoate; 13, glycerol 1,2-dihexadecanoale; 14, glycerol 
l,3-dihexadecanoate; 15, &lYcerol 1·hexadecanoale-2.octadecanoale; 16, &lYcerol l-hexadecanoate-3.octadecanoale; 17, 
&lYceroll,2-dioctadecanoate; 18, glyceroll,3-dioctadecanoate; 19, triglyceride C48; 20, tri!llyceride C50; 21, tri!llyceride 
02; and 22, triglyceride 04. 
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[ ~ AND """'l'/'5lSOf CO!'<f1tOAl. '''1$ N1D0IIS I 
Cd 1111-91 • Determination of Mono- and Diglycerides 

IDfNlIfICATION 
I. AIIaIyze reference soIutioa under die same op:nIioII 

condilions as SlIIIlple solulion. Identify peaks by 
comparison of i_Ilion time willi known subslanc:es, 01' 

apply coupled GCIMS. See Figure I. 

CALCULATIONS AND EXPRESSION Of RESULts 
I. RC$pOnse f'ac:1Or-Caleulate response faelOr of the 

referenee substance VI. internal standard using the 
refcrenee solution chromato ..... m. 'The value of the 
I~ r.:tor is given by die formula: 

It,. ., <mJm.)x(A.jAyJ 
Wbere-

It,. '" iesPOlise f_ of reference subsrancc x 
mu. = mass of internal standanI. in 111& 
m,. '" mass of reference substance x. in 111& 
A, = peak area of reference substance 11 
A;. ,. peak area of internal SIaIIdanI 

2. Calculation of sample compoocnt ~late 
percentase of mass content of component II in die 
sample by die formula: 

m', (%)= lilt,. x {m';/m'" x (A'/A'iJ x 100% 

Wbere-

TallIe 1 

m" = , pcn:entaae of mass of aJIIIPOIl"IIIlI in 
sample 
response facIOr of COiiipOi_ II in sample 
mass of inWnal SIaIIdanI in sample, in mg 
_ of sample, in mg 
peak area of compoI_ II in sample 
peak .... of inWnal SIaIIdanI in sample 

3. 1YPical c:IIromaqrams-S Flpre 1 mr typbI dJro. 
malo ..... m. of reference SIIIndlirds and __ and 
diglycerides. The si\ylMioa proc:eduie, column speciIi
calions, openting conditions IiId peak ideIItificatioa 
rebling 10 FiJIR I are as follows: 
<a> Silyiation-Sample size: 10 mg; ~. 0.1 mL 

pyridine oonIaining 1.0 111& n lCb¥.eo ue, 0.2 mL 
BSTPA, 0.1 mL TMCS;.-ion time: 20 min.r 
7O"C. 

(b) CoIumn--l'wled sib c:apin.y. 2.5 m x 0.31 .
(i.d.); film dlic:t.ness, 0.17 ..... COIISisdIIa of ,% 
phenylmetbyl silicm. UItnI if2 (JfewIeU-Pabud. 
Palo Alto, CA, USA). 

(e) Operating COiIditioas-lnjector 32O"C, c:ohImn 
initialllO"C, prognm 10"Clmin, filial 36O'C. bold 
IS min. .1: I 101 35O"C; carrier ps. heIinm at , 
mUmin (1I1lO"C) (see Appa-. S). 

(d) Peak identification-IS (internal standard), 
1Cb ..... IN; I, g1ycaol; 2. diaJyc:croI; 3. IIe:ude
c:anoic acid; 4. or'. _ IICid; s. gIycauI 1-
tctnldecanolle; 6, glycerol2-bu ........ _: 7. 
glycerol I -IIexadecuoatc; 8. glycerol 2-GC111de
_; 9, glycerol 1_'wII. _; 10. glycerol 
I-icosanoate; II, glycerol l-doc:osa_; 12. 
glycerol l·tctradec:a-.3-ben'*'"-te; 13. 
glycerol 1,2-dibelr ..... _tc; 14, glycerol 1.3-
di!w ...... _ .... ; IS. glycerol l..buwleo - ... 2-
octadec_; 16. glycerol I-bu_.. ....3-
()("IlIdeca_: 17. gIycaol I~M ''''ee_le; 
I II. glya:rol 1,3..dioc,. ,-: 19. tri&fyceaide 
C48; 20. triglyceride CiO; 21. triglyceride C.52; 
22. triglyceride CS4. 

5IaIiIIicaI.....,. ... oesuIts .. _ .... dWJadde _b ..... teqw I .. ,.,..., ... _ ... CH-
I· .... '-I·M~ I............, IS-_ 1,).I)ipoImiIB 3 - I.)..D· 1 .. 

No.of ....... _ies 8 8 8 8 8 8 
No.of ........ 16 16 16 16 16 16 
No.of ... _ies .............. 
eIi-..... 
outliers" 7 8 8 7 7 8 
No. of ••• 1"'"' ..... 1Is 14 16 16 14 14 16 
MeM-. ... 1.7 27.2 IiO.I 0.2 o.a 1.1 
Rl:1 eI>iIit)r 
.......... deviaticIa (S,) 0.05 0.9 2.1 0.01 Cl.05 G.07 
Rr 40jJiIy co-
efticieaI of-*ioo (RSD,) 3.0 3.3 3.5 4.6 6.0 6.lI 
RepeWelMlity 
...... (r> (2.83 x S,J 0.14 2.61 S.91 0.031 0.14 0.20 
RqilOIb:iIIiIity 
.......... dovialioR 
(S.> 6.1 2.4 6.4 0.116 0.1 0.3 
Rqn ..... ibllily .. 
eIIicicnt of -*ioo (RSDa) S.7 8.9 10.7 30.0 17.8 24.8 
Repmducibilily 
... (R) (2.83 )( Sal 0.3 6.8 18.1 0.2 0.4 o.a 
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SAMPLING ANO ANALYStS OF COMMERCIAL fATS AND OtiS 

Cd llb-91 • Determination of Mono- and Diglycerides 

Table 2 
Statistical analysis of ...... Its for mono- and di8fycerides in oil (""pressed .s peKen! of .... of sample). 

No. of laboraIories 
No. of results 
No. of laboratories 
retained after 
elimination of 
OUIIien"' 
No. of accepted results 
Mean value. % 
Repeatability 
-.dan! deviation 
(S,) 
Repealabillty 00-

effic:iem of 
variation (RSD,) 
Repealability value 
(r) [2.83 x SJ 
Reproducibility 
-.dan! deviation 
(~) 
Reproducibility c0-

efficient of 
variation (RS~) 
ReprodUCibility 
calue (R) [2.83 x ~J 

I-Palmitate 

8 
16 

8 
16 
0.96 

0.03 

3.3 

0.08 

0.12 

12.0 

0.34 

"Eliminated by the Dixon IUId Cochran teSt method •. 

PRECISION 

I-Srearate 

8 
16 

8 
16 
0.98 

0.03 

3.4 

0.08 

0.14 

13.8 

0.40 

I. Repeatability-When the mean of the values obIained 
from two single derenninations, carried 0111 in rapid 
succession by the same operator using the same appa
ratus under the same conditions for the analysis of the 
same test sample, lies within the range of the mean 
values cited in Tables I. 2 and 3, the difference 
between the two values obtained should nOl be greater 
than the n:peatability value (r). which can generally be 
deduced by linear interpolation from Tables I, 2 and 3 
(References, 2). 

2. Reproducibility-When the values for the final result, 
obtained by operalOrs in different laboratories, using 
different apparatus under different conditions for the 
analysis of the same laboratory sample, lie within the 
range of mean values cited in Tables I. 2 and 3, the 
difference between the values for the final result 
obIained by those operators should nOl be greater than 
the reprnducibility value (R), which can generally be 
deduced by linear intelpOlalion from Tables I and 2. 

NOns 
Caution 
Pyridine is flammable and a dangerous fire risk. The explo
sive limits in air are 1.8-12.4%. It is IOxic by ingestion and 
inhalation. The !LV is 5 ppm in air. The danger from crude 
pyridine is greater than from pure pyridine, the associated 
homologs and impurities being even more loxic than pyridine. 

rage 4 015 

1,2-Dipalmitate 

8 
16 

8 
16 
0.97 

0.04 

4.0 

0.11 

0.24 

24.4 

Q.68 

1,3-Dipalmilate 

8 
16 

8 
16 
0.93 

0.02 

2.5 

0.06 

0.19 

20.2 

0.54 

1.2-Distearate 

8 
16 

8 
16 
0.97 

0.06 

6.2 

0.17 

0.19 

19.8 

0.54 

Hexane is flammable and 8 dangerous fire risk. The 
!LV is 50 ppm in air. The Occupational Safety and Health 
AdministJation recommends that exposure not exceed 350 
ng per cubic meter for a time-weighted average. Hexane 
vapor causes lung irritation and produces neurotoxic 
effects. A fume hood should be used at all times when 
using hexane. 

NUMBERED NOTES 
l. For on..:alumn injection, or direct injection, dilute 50 

IlL of reaction mixture (Procedure. 1 and 2) with I mL 
hexane and inject (I IlL). In order 10 lengthen lifetime 
of the columns, when applying on-eolumn injections, a 
precolumn is useful. On-column injection gives better 
response factors. 

2. Use length of columns required to separate mono- or 
diglycerides. Individual unsaturated mono- and 
diglycerides may not be separated from the satorated 
or less-unsaturated mono- or diglycerides. TLC on 
silica gel impregnated with boric acid, immediately 
prior to derivatization. can be used 10 resolve 2-mono
glycerides from I-monoglycerides (References. 3). 

3. The final column temperature of 360°C is not compat
ible with tbe maximum operating temperature of 
320·C 10 325°C recommended for SE-54. The detec
tor should be woe 10 20'C higher than the maximum 
column temperature. Therefore. it is recommended to 
use a maximum column temperature of 32S·C to 
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Cd 11b-91 • Determination of Mono- and Diglycerides 

T ..... 3 
Stalhlial.....,. ........... __ ... , ........... '.0 

1-I'IImiIIIe I~ 

No. ofllllJao_ieJ II II 
No.of-.JIs 30 30 
No. of 1IIlJao.ooe. ........... 
elimiDaliou of 
oudien 7 8 
No. of """"I*d JeSUI1S 26 30 
Mom ........ 0.7S 1.4 
............ Iity 
sraadonI ....... 
(S,) 0.07 0.24 
............ Iity~ 
eftic:ieIaI of 
varillim (RSD,) 10.0 17.0 
R"I"" .... 1ity ....... 
(r) [2.83 x S,J 0.21 0.67 
Repoducibility 
stamanI deYiarion 
(Sa) 0.14 033 
llepodacillility ~ 
eftic:ieIaI of 
variIIim (RSD,,) 18.5 23.4 
RepruducibiIiIy 
....... (R) [2.83 xSaJ 039 0.92 

3lO"C (apparently dris win not affect die sepamIioa of 
die __ and dialya:rides). with a deI<cIor tempera
tun! of 335"C to 35O"C. These poposed changes have 
not been 1IIIIidaIed by oollaborali1le stUdy, 

4. For IIIIDmaIic samplers wilh 2-mL crimp-top vials, it 
is convenient 10 dOllbie die amount of sample and 
reqents. 

5, One or more Ic(",ellll" soIutio11s (Ra&ems. 8) can also 
be pepoued witbout addina n-tetradecane to !he solu
tion. Silylalion of die lemence solutions (PIocedwe. 
2) is IheA canied not as described for !he sample soIu-

....... '.1 I • I 1 .......... _. II I 
1,2-Di!"'51i'.., I,3-Dipd. ' 1.2· D' .. 

II 8 & 
30 30 3D 

7 7 7 
26 26 30 

1.1 U 2.6 

0.09 

8.4 53 11.1 

0.2S 0. ... 0.16 

0.11 0.12 0.91 

10.4 9.2 363 

0.32 G.28 2.6 

tion (PIocedwe. I) aft« addition of !he iaIIemII _ 
dud soIulion (R n& .... 7) mil tsiIyIIIiD& qg; h. 

REFBI£NCES 
1. Stmtdatd MedtoJs for dttt AIIIcIIpU of Oi&. Fila tMtI 

o..riwnivu. IntemaIioaII Uaioa of PIn ... Applied 
0IemisIIy. 71h edn.. BIIc:t:ftD ScieuIific PaI_ .' _ 
1987. IUPAC Method 6.ClO2 (eL 2326). 

2. hw Appl. a.-. 41:1153 (1991). 
3. Christie. W.W., UpiJ AaaIy.rU. 2nd edn.. Pea....

Pless. New Yade, 1982. pp. 101, 159, 
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SAMPliNG AND ANAL~ Of COMMEROAL fillS AND OILS 

Quantitative Separation of Monoglycerides, 
Diglycerides and Triglycerides by Silica Gel 

Column Chromatography 

DEfiNITION 
This _Ihod detennines glyceride mixtures by solid-liquid adsoIpdOII ~ (SLAC). 
using silica gel as !he adsorbent. TrigJycerides are elak:d wilh I~ dieIhyI edIer bI jdH II lID edIer. 
diglycmdes wilh 25'1> dielhyl edIer in petroleum edIer. and monogJycerides with I~ edIer. Fn:e 
faIly acids pcesent are found pedomiDMIIy bI!he 1rigIyceride h:Iion; !he mui,* bI!he di&Jyc
eride fracIioD. Thin-layer chromaIograpby (1l.C) is USI!d to verify !he purity of !he Ii'ac:tioas adfcIr 
!he eft'ccIiwIlcss of!he sepandion. 
SCOPE 
This meIhod is applicable to emulsifiers and sboncninp 

APPAIATUS 
I. a.ouilllUjp .... coIuma I ,1bIy-2S- x 2-cm c:oIumn 

wilh 1l:fIon- srqo- oct plull and soIWiIIl n::smok; 2SO 
mL, wilh glass joint. fitIins!he lOp of !he column. 

2. Receivins fIasb-four 2SO mL. 
3. VariabkHhic:kness lbin-Iayer chromatographic spseader 

(seeNoles, I). 
<t. Glass plates-Pyrex-. , x 20.' x 0.32 em (see 

Noles, I). 
,. CyliJldrical thin-layer developinll ebamber---6.' em 

diamderx 24cm higJl. wiIb cap (see Noles, I). 

REACENTS 
I. Silica geI--Dari!loa pde 923. ~ II> ''I> moisnm!. 
2. Silic:a gel-GF-2S4 for Ihin-layer <:hroInatop1IpIy. E. 
MeR.t~~lnc..dislla-). 

3. ChIorof~ pde (see Noles, Cmdi<ln). 
<t. Pettoleum edIer-5kelly Solve F. re&IIeJlt zrade (see 

Noles. Cmdi<ln). 
,. Dietbyl eIher-anllydrous. reagent sradc (see NOleS, 

Cmdion). 
6. Elbyl akobol rrae .... 30 (see Noles, Cmdi<ln). 
7. Acefooe eng. pade (see Noles, Cmdi<ln). 
8. SuIfuric~(sp.IIF.I.84).eagentpde. 

dilufcd to p a '10:30. vlv. sulfuric acldI'waIer solution 
(see Noles, Cmdi<ln). 

9. Ouomium trioxicll>-4edulical grade. 

PROCWUIIE 
I. PrqJare !he column wiIb 30 II silic:a gel (Reagents. I) 

slurried bI S6-6O mL peIroIeum ether (R.easenIs. <t). 
2. Accurately weigh 0.7-0.9 II of sample into a JO.mL 

beaker. Add 3 mL dIIorofonn (ReagenIs. 3) to dissolve 
!he sample and quanlitatively transfer it to !he top of !he 
column. Rinse beaker wilh up to 3 mL of cblorofonn. 
addins!he riosiRlS 10 !he column. 

3. EIule !he sample at a flow rate of 2 mUmin, using 2SO 
mL of solvent for each Iiaction. as IIIlIed below bI this 
sedion for Fractioos I Ihroup IV. If !he separation of 
melhyl esters from biglycerides is desiR'd. 200 mL of a 

soIveIIl system of ''It dietbyl ella (IteI&ents. S) ill 
peInlIcum ether(P;g lIS, 4), vlv ....... be USI!d pior 
to Ihe eIudoo of!he bigJycerides ill 1'1"" L 

Use Ihe following __ sysIIr:mS II> a.. !he iadi
cated Iiaction: 

(a) Fraction I (triglycerides)-2S0 mL 10'1> diedlyl 
ether(lt g lIS,5)illpreII ......... ether(R. .4). 

(b) Fraction n (digJycerides)-2S0 mL 15'10 diedlyl 
ether (It g II$, 5) in prell ......... edIer ~oq ~s.4). 

(e) Fraction In (moaoglycerides)-2S0 IIlL 100'1> 
dielhyl ether (Roqents. 5), 
N---'f !he elution of gIyI:enJI ...,.. odIa' polar 
maIeriaI is desiIed, • founb fw .... is ooIecIeIt 

(d) PraetioIIIV (gl)celol adfcIr polar -aJ)-2IlO 
mL lOO'lt ethyhlalhol (lte.. .6>-

4. Collcct !he "'"- seplnllely for eacb fracdoa and 
eveponIe to...,.. ill Iared 2SO-mI.. flasks _ ._ 
batb Ilnder. _ of nitrDgea. A IIoiliD& chip .... 
be placed bIID eacb flask before Ihe ___ is ...... -
miRed in order II> preveallJumpio&. 

,. Weip !he fracIioD aod ... d/JinIlllllil • ~CIMi.' II 
weigld is obcaiiled. 

CAlCUlATIONS 
I. If c:ooIirmI!ory _ by n..c indicaIe lila Ihe Ii .. 1M 

tiDn was effeetive. !he weigld pen:ent of eacb fracIioD is 
delermined as follows: 

() '" ' I ('8"'--"'-) mass of 1'1"" 1.1 It 100 a -.--. tti .......... _,. mass of sample. 1 

(b) PraetioII D (diglyceridesl.= mass ofFnclioa 0.1 x 100 
_ofll "'.1 

(e) PraetioII HI (monoslycerides) = 
mass ofl'laction m. II x 100 

mass of sample, II 

(d) Fraction IV (glycerol adfcIr polar maIeriaI) '" 
mass of FraI:tion IV. I x 100 

mass of sample, II 
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2, Conversion of melhyl eSler isolaled to percent free 
fatty acid: 

Weight % free limy acid = 
100 x mass of methyl ester, g x OF 

mass of sample, g 
Where-

OF = gravimetric factor 
= 0,935 for free fatty acid expressed as lauric 
= 0.942 for free fatty acid expressed as myristic 
= 0,948 for free fatty acid expressed as palmilic 
= 0,953 for free fatty acid expressed as oleic 

THIN·LAYEII CHROMATOGRAPHIC VERIFICATION 
Note-If commercially available 11£ plates (see NOles, I) are 
used, omit steps I through 3 and proceed directly to Step 4, 

L Plate preparation: Twenty-two plates (5 x 20.5 em) are 
placed in a thin-layer chromatographic spreader bed, 
The variable-thickness spreader blade is adjusted for 
O.25-mm adsorbent application thickness. 

2. Adsorbent preparation: Slurry 30 g of silica gel OF· 
254 (Reagents, 2) with 60 mL of water. Shake vigor
ously for I min. Quickly pour slurry into the spreader 
and coat plates. 

3. Air dry the coated plates at mom temperature. 
4. Activate plates by heating at II 0-12O"C for 30 min (or 

follow manufacturer's directions). Store plates in closed 
container over silica gel containing II moisture indicator. 

5. Spot 30-60 1'8 of each fraction from a 30-40 mglmL 
CHCL, (Reagents. 3) sample solution approximately 2 
em up 'from the bottom edge of the plate: also spot an 
appropriale standard (e.g., Dur·Em 104. Our-Em 187, 
commereial 40% monoglyceride emulsifier. etc.) next 
10 fraction samples. 

6. Place 11£ plate in the developing cbamber after a satu
rated atmosphere (approximately 15 min chamber salu
ration time with closed chamber) is obtained with the 
following solvent system: 

92% petroleum ether (Skelly Solve P) (Reagent;. 4), 
8% acetone (Reagents, 7). 

7. Remove plale from the cbamber after the solvent front 
has moved 16 em from the origin of spotting and air dry 
plate in a suitable, operating fume hood. 

8. Spray plate with a 70% aqueous sulfaric acid solution 
(Reagents. 8) saturated with chromium trioxide 

Page 2 of 2 

(Reagents. 9) and place on a hot plate (at 2OO"C) until 
charring is complete (white fumes cease). 

9. Verify composition of fractions by comparing spnts of 
fractions with spots of standards of known composition. 

NOTES 
Caution 
Chloroform is a known careinogen. It is toxic by inhalation 
and has anesthetic properties. Avoid contact with the skin. 
Prolonged inhalation or ingestion can lead to liver and kid
ney damage and may be fatal. It is nonflammable. but will 
bum on prolonged exposure to flame or lIigh temperature. 
The 'fLV is 10 ppm in air. A fume hood should he used at 
all times when using chloroform. 

Petroleum ether is extremely flammable, Avoid stalic 
electricity. The explosive limits in air are 1--6%. A fume 
hood should be used at all times when using pettO/eum ether. 

Diethyl ether is highly flammable and is a severe fire and 
explosion hazard when exposed 10 heat or flame. It is a cen
tral nervous system depressant by inhalation and skin absorp
tion. It will form explosive peroxides upon exposure 10 light 
Handle empty contaiDelS. particularly those from which ether 
bas evaporated. with extreme caution. Explosive limits in air 
are 1.85-48%. The 'fLy is 400 ppm in air. A fume hood 
should he used at all times when using diethyl ether. 

Ethyl alcohol (ethanol) is flammable, Use a property 
operating fume hood when bealing or evaporating. 

Acetone is highly flammable. Forms explosive perox
ides with oxidizing agents. Use effective fume-removal 
device. Do not mix with chloroform. 

Sulfuric acid is a strong acid and will cause severe bums. 
Protective clothing should he worn when working with this 
acid. It is • dehydrating agent and should not be stored in the 
vicinity of organic materials. Use great caution in mixing with 
water due 10 heat evolution that can cause explosive splatter
ing. Always add the acid 10 water. never the reverse. 

NUMBERED NOTES 
I. Commercially available plates may he used. 

REfERENCES 
I. Distler, E., and F.J. Baur, JAlNIC 49:812 (1966). 
2. Quinlin. P., and H.l. Weiser, JAOCS 35:325 (1958). 
3. This method was submitted by AOCS Uniform 

Methods C<>mmittee member Robert Manning in 1992. 
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SAMPliNG AND ANAlYSIS OF C~RClAI. fAtS AND OILS 

AOCS Official Method Cd 1111-96 

Mono- and Diglycerides 
Determination by HPlC-ElSD 

DEflNmON 
This sIaIldanI desaibes a medIod for die quanIiIatiw: delamination of /DDIlOKylglycolicies ad cIi&yI
gfycerides. NeuInd lipid classes 1ft sepwiiltd willi nonnaI..,r- higfl-perfou_liquid dIi ......... 
raphy (HPLC), ad die monogJycerides and digfycerides presem 1ft deIamined wid!. an c ...... adlle 
ligfll scattering deteclOl (ELSD). Samples 1ft dissoIwd in a soIW!111 mixture .......u.in& etl~. 
piOjl&iiOl (90:10, vlv) and analyzed wilhout derivarimlion. Because die lespoIlIC etl die ELSD is DOt 
linear, a Iog(n:sponse)/Jog(-) Ql/ilnIion curve __ be escabIisbed for expIlCfecI ~ '-' on 
ELSD n:sponse to QI/ilnIion slandaills ideIlIicaI to die umpIe iCOIlIpIlIII!IlIIS. TIle IiIIeIbod q--illblo 
and deIection limits (SIN: 2) are 8pproxiill8ldy 0.25 mg and 0.06 me. lap«;1iwdy. 
SCOPE 
Applicable to boIh oils ad emulsifiers. (PhytosIeroIs may iiiledCiC willi die dclenniilMioo etll,3-clja. 
eyIgfycerides in vegetable oils.) 

APPARATUS 
I. IfPl.C-'The proc:ecIure was developed using a Hewlelt· 

PacbnI 1050 (wid!. the Hewlen-PacIt.anI <lIemS18Iion 
computer interfaced with ibe HPLC, which is nOl 
essenIial to die meibod); howevCi; any HPLC wid!. die 
following minimum requiremenls conld be used: 
(a) Column-ISO mm x 4.6 mm, wilh 10 II 

Chromegaspbere SI-60 stationary phase (SS 
Industries, Manton, NJ) or equivalent. 

(b) Column tetnperatun!:-flllllined at 4O"C wid!. a 
coInmn beater. 

(c) Dual channel padient, programmed as noted in 
UbIe I. 

(d) MoI!ile phase flow rate-2 mLImi1I, wid! an initial 
~of21bar(20,2SIIOIr). 

2. ELSD-TIIe procedure was developed using a Van:x 
ELSD D (Van:x Corp., Rockville, MO); bowever. any 
saitable ELSD wid! the followillg minimum require
meals conId be used: 
(a) Drift lUbe tcmporaIIIIe-mI at 9O"C.. 
(b) NilioFD carrier au flow nile maimained at 30 

mm (~y 1.2 Umin) on die flow meter 
ofdleELSD. 

3. \bI1iiIIOIric: fID.sts, 50 mL, 100 mL 
4. IIIjcctioo syringe, capIhIe of accurately injecting 20 pL 

of eidJer standard solUliOllll or sample solutions. 

RfAGENJS (see Noles, Caution) 
I. HPLC ...... soJweots.-

<a) .... Hc:une. 
(b) 2..p,opanoI (iwplopanoi). 
(c) EtbyI aceIate. 

2. Reagent-grade solvents-formic acid (88"'), 2-
propanol, ... bcxane. 

3. SoIW!III soIU1ions for HPLC-
(a) Formic acidI2-propano1 (10:90, vlv). 
(b) 0JanneI A moIIiJe ~ IR .......... I(a»). 
(e) Channel B mobile phase-n-hcxane (Reagents, 

l(a)JI2-propanol (Reagents, I(b)]fethyl acetate 

TallIe 1 
................ & 11 .... _ ................ 
"I n'ion_.1S." ......... I.pOO I.' eSl1e 
c:--. Column Ieo,+ In, 4O'C. a .... A," • 
C111an1e18, -..n .... ..,...,uelhrf _ 1 S fin. ..... 
ackI (811:10:141:1, v/Y/Y/y). 

.. ."ea. ..... 
TIIIIC (min) Flow (mLIiIIia) A 8 

0 2 91 2 
8 2 6S 35 
8.S 2 2 !III 

IS 
IS.l 
19 

2 2 !III 
2 91 2 
2 91 2 

[Reagen1$, l(c))lIO'l. formic acid (H • I , 3(&») 
(80:10:10:1. v/Y/Y/Y); for padiCill pnIjjI_ for 
moIlile phase, see'lllble I. 

(d) Column rinse (to relllOve formic acid WIaeD 
column i. Dot in use)-D-hexaae [RellpillS, 
l(a)]f2-propanoI [1teapiIts, l(b»)lethyl __ 
(Rapnts, I(c») (80:10:10, y/Y/Y). 

4. Solvcat solution for SIIDIPIe jNlCpWi'lioa 11 __ 

~ l(a)]l2-piOjl&iiOl (H! & 1 , 1(b»)(9Itlo, v/v). 

PROCmUIIE 
I. Sample jNeplilatioD (see Noa, I) "".tu6k oils: 

(.) WeiC" approximately 2 C (sec Notes. 2) of 
veseIIIIIIe oil, TO widIin 0.1 .... into. SO mL vola
mcaic flask (Apfallbls. 3). 

(b) Dissolve sample in a-bea....n .......... soI_ 
mixtwe (Reageats, 4) ad IIriBI to SO mL WJI.
wid!. solvent ooiatwe IRq ••. 4). 

~g/yctlrid4 _II&ifo!n: 
(8) Weigb 8jIjNQXimaIr:Iy IC.,. .. etl ..... 10 wiIhin 0.1 

me. into a 50 mL volumcaic fIast (AppnIDs, 3]. 

Page 1 01 5 
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Cd lld-96 • Mono- and Diglycerides-Determination by HPlC-ElSD 

700 
650 
600 
550 
500 

1450 

1400 
",350 

300 
250 
200 
150 
100 
50 

A 

B 

C 

UpldStandafds 

E 
o 

2.000 4.000 6.000 8.000 10.000 12.000 14.000 
11me (min) 

Fipre 1. O_iaIojjiian. of -u.1i!iid sIancIanh: (A) tholes
teryl myristate, (B) Iripalmitin, (e) palmitic acid, (D) 1,3· 
dipalmitin, (E) cholesterol, (f) 1,2.dipalmitin, (G) ,. 
monopaImilin and (H) 2.rnonopaImitin. The .... """.bation of 
each standard is in the neIghbomood of 1 fIIIIImL The HPLC 
pa.aiI,,,,leIs can be _In Table 1. The Van!x II RSD ",,11'_' 
""" drift tube ............... , 9O"C; nitrogen II"" flow, 30 IIIIn. 

(b) Dissolve sample in n-hexanel2-propaool solvent 
mixture (Reagents. 4) and bring to 50 mL volume 
with the solvent mixture (Reagents. 4). 

(c) PrioJ to HPLC lIIlalysis, dilute the 50 mL sample 
solution to a final volume of approximately 0.5 
mgImL using the solvent mixture (ReagenlS. 4). 

2. Calibration 
Monoacylg/yceride. aNi diacylg/ycerides: 
The responses of the ELSD to 1.3-dillearin, 1.3-
dipalmilin and 1,3-dilinolein (and olber diglycerides as 
needed) and to I-monostearin, I-monopalmilin and I
monoolein (and other IIIOIIOgIycerid as .-led) must be 
delemrined using a series of solutions prepared from indi
vidual standards. Standards shonId be of 99%+ purity and 
may be obtained from Nu-Check-Prep. Elysian. MN). 
(a) Accurately weigh approximately 0.1 g (see Notes, 3) 

of each standard (I-mooopalmitin and l,3-dipalmitin) 
into a 100 mL volumelric flask [Apparatus. 3(b»). 
dissolve it in a portion of the n-hexane/2-propanol 
solvent mixture (Reagents, 4) (see Notes, 2 and 4). 
and dilute to 100 mL with the solvent mixture 
(Reagents, 4) to provide a stock standard solulion. 

(b) From the stock standard solution (approximately 1 
mglmL), prepare 1 :2, 1 :5. and 1: 10 dilutions with 
the hexanel2-propanol solvent mixture (Reagents, 
4) to obtain approximately 0.5. 0.2, and 0.1 
mglmL working standard solutions. Use the 1.0, 
0.5, 0.2 and 0.1 mglmL working standard solu
tions 10 establish the calibration curve for monu
acylglycerides and diacylglycerides. 

(c) Analyze the four working standard solutions 
according to Procedure. 3, and plot Ibe log of the 
peak area (log [response)) against the log of the 
concentration (log [mass. I1g)) of monoglyceride 
(l-monopalmitin) and diacylglyceride (1,3-
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Fisute 2_ The re .......... curves of 1,3-clipalmltm (0), 1,3. 
slearin (.C;) and 1,3-clilinolein ([]) with a Varex ELSD using 
the HPlC and the ElSD parameters as described in Figure 1. 

dipalmitin) 10 obtain calibration curves. Use both 
linear and quadratic equations to calculate the 
results (see Notes, 5). A typical response pattern 
for working standards is shown in Figure I; ELSD 
response curves for the working standards are 
shown in Figures 2 and 3. 

Monog/yceride emulsifiers: 
Use Ihe calibration curve of I-monopalmilin from 
Procedure, 2(8) and (b) and both linear and quadratic 
equations to calculate the resollS. If a new calibration 
curve is needed for monnacylglyceride emulsifier sam
ples (B series in this study), prepare the working stan
dards from the same slock solution of Procedure 2(8). 
Analyze the working standard solutions according tu 
Procedure, 3. and plot the log of tbe peak area against 
Ihe log of the concentration of I-monopalmitin to 
obtain a calibration curve. 

3. Analysis procedure 
(a) Inject 20 J.IL of solution (working standard or sam

pie) onto Ibe HPLC column. using the conditions 
noted in Apparatus. I (a) 10 I (d). with mobile phas
es Reagents, 3(b) and 3(c) programmed to provide 
the gradient noted in Table I. 
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fi&tnl. ...................... , ...... ' I ".,(0), 1_ __ ~ _1_'-_. 0 willi a v.... B.5D .... the 
HPlC _the B.5D .... __ • as desc:rilled In fItIIn 1. 

(b) WIieII not in -. lite column _ be rinsed widt 
lite mi_ of n-lieuael2-propano11e1hyl ac:etate 
[lteIi&aID, 3(d») 10 _ formic: acid. 

1lESUl.1S 
The 1,3-diacyI11,.:eridI:s ................ frnm die J.2-diacy1-
glyceride positional isomers, aIdiougb some 1,3-diacylglyc-

Tallie 2 
The COIIIpII'isoft. _....,_Ide .-.tIs • a c:aa_rdaI 
_hIfIor as "'Ie,,, I 'lly the HPLC-ElSO. CC _ SfC 
hE ..... 

ToIliI ~slIOO.g 

HPLC-ELSD GC/derivIIi2ed' SR:IuadeIi ....... 

1.01 1840 
MeM 92.S 
'1oRSD(n) 1.1 (4) 

1.016022 
MeM 94.1 
'1oRSD (0) IS (4) 

92.3 
1.3 (4) 

94.0 
1.8 (4) 

93.4 
305 (II) 

!IS.9· 
3.4 (12) 

erides of low moJecullr weiaIIl--feat: willi_ l.2-1iEy1-
Jlycerides of !ligh moIecuI .. weiPL For ~idea. 
die sqJ8I8Iimi bet"'IIII~«~ 
and 2~JaIyceIidt:& is opdmimd 0IIIy 1JetILICII dIOIe pain 
widt idmticaI tmy acyl JIIIUIIII. 

I. The ELSD is alllliwnll dell! .......... 11IIp_ i. a 
function of lite mass of tile auIyte. As sbowa ia 
Figures 2 and 3. an approximIIIIe ..... ".,..,11 _y 
be obtained by a JoaVIog plot of BLSD "I, _ YS. 

mass of lite ualyte, widt ..... 0.996-
2. Figures 4 and 5 show IeSIdts fat die b'sis of oIM 

and peanut oils, wIIicb _ ~ ....., ye.-s 
old. The oIiw and peanut oiIll1J.1111D1od II» CQDhia free 
fatty acids (peat C). l~ (peat D) aod 
1.2-diacyIJlycerides (peak Pl. IRtt DOt detectable 
moooatylgl)aelides. 

3. FigoR 5 also shows lite diI. $ '11_ of _ peanut oil 
spited widt ~ (mIm) of a •• cia) Me. ~ 
elide emulsifier. 1'IIy-.:rols ilia)' ialelfae willi _ 
detamioationofl~in. 8 1 ,.eiJs. 

4. TIiis mediod may be apened eo aRe a l1iliiii n:IIitive 
staudard deviation (<2~) betweea duplicates ud 
beI"em days. To illustlW lite -.:y of litis IIIIItbod, 
IDOIIJ08Iyeerid mIUIts from lite ...,.. of .. _ .... 
cial JII01IOIIyceride emulsifier by HPLC-I!LSD. GI.C 
and SFC mediods are wu .... ed in 1lIbiIe 2. 

PI£CISION 
I. RepulabUity limil-The absohiIIe diffaUiW belw_ 

two indepelldelu single teSt nIIIJIIs, .... • ..... willi lite 
qme.metbod OR ideaticaI teSt ___ ill die _ 
IabontoIy by lite same .......... usiaa die ...... 
meat widtin shott iatervals of time. sllould DOt be 
..- dtan "'P"'''''ility limit r _ ~ i111lIbiIes 3 
lhrough6. 

2211 

200 

fi&ure 4. The dill ".1 •• _ ....... ail at' . I ..... 

!he HI'lC ... the BSD .... las as' .iI: Jill f'itIn 1. 
..... ...., idtnIiWIIy lei , .... tIaae ...." (AI ..,. ....... 

(II) "WtOf"II, (C) he fatly --. (I)) 1,3 1Ii • .,Wr-'" 
(E) __ 1,3 lII.crWtottolunlllor phJ_uls ... (f) 1,2· 
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Cd lld-96. Mono- and Diglycerides-Determination by HPLC-ELSD 
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Peanut Oil SpiIred 
with 5% MonogIyceride 
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fizure 5. The HPlC-ELSD duomat"llram of a .......... t 011 
with and without the addition of a monoglyceride _hiller. 
Peaks are idenlified by retention time only: (A) sterrl esten, 
(8) triglycerides, (0 fn!e fatty acids, (0) 1,3-dlacylzlycerois, 
(E) mn- 1,3-dlacylzlycerols and/or phrtosterols, (f) 1,2-<11-
acyIzIycerol. and (G) IIIOIIOgIycerldes. Refer to Fill"re 1 for 
the HPLC and the fLSD parameters. 

2. Reproducibility limi/-The absolute difference between 
two single tesl results, obtained with the same method 
on identical lest material In different laboratories with 
different operators using different equipment, should 
not be greater than the reproducibility limil R as shown 
in Tables 3 through 6. 

NOTES 
Caution 
Hexane is a flammable solvent and a dangerous fire risk. All 
work should be perfonned in a fume hood, with no open 
flames. Always ensure thai your hood is functioning before 
introducing volatile solvents. The TI..V for hexane is 50 ppm 
in air. OSHA recommends that exposure nOI exceed 350 
ng/M' for a time-weighted average. Hexane vapor causes 
lung irritation and produces neurotoxic effects. 

Isopropanol (isopropyl alcohol) is flammable and a danger
ous fire risk. The explosive limits in air are 2-12%. II is toxic 
by ingestion and inhalation. The TI..V in air is 400 ppm. The 
use of a fume hood is recommended when using isopropanol. 
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Table 3 
For the determination of monoacylglycerldes, the interlabo
ratory study completed by the IUPAC Commission VI.3 in 
1995, in whkh 11 laboratories partidpated, each analyzing 
8 sample. (4 sets of blind duplicates) and obtaining two (2) 
values for each sample, gave the results summarized in the 
following table. Results were determined by linear equation. 

Samples I' 2' 3c 4" 

Labs ber"", outliers II II I I II 
Labs after outliers 9 8 9 9 
Accepted results 34 28 34 34 
Mono.(%) 0.011 0.025 0.054 0.088 
Mono .. known (%) 0.0102 0.0204 0.0511 0.0919 
Repeatability: 
S, 0.001 0.002 0.003 0.003 
RSD, 10.92 7.43 5.66 3.39 
r 0.003 0.006 0.008 0.008 
Reproducibility: 
SR 0.001 0.008 0.010 0.017 
RSD. 12.95 32.01 18.60 19.15 
R 0.003 0.023 0.028 0.049 

"Combined results for duplicate samples A \I A 7 
'Combined results for duplicate sample. A2IA5 
'Combined results for duplicate samples A31 AS 
"Combined results for duplicate samples A4IA6 

Table 4 
For the determination of monoacylzlycerideo, the interlabora
tory stuely completed by the IUPA<: Commission VI.3 in 
1995, in whkh 11 laboratories participated. each analyzing 8 
samples (4 sets of blind duplicates) and obtaining two (2) val
ues for each sample, gave the results summarized in the fol
leMing table. Results were determined by quadratic equation. 

Samples I" 2· 3" 4" 

Labs before outliers II II II II 
Labs after outliers 7 7 8 8 
Accepted results 28 26 32 32 
Mono. (%) 0.01 I 0.021 0.056 0.092 
Mono .• known (%) 0.0102 0.0204 0.0511 0.0919 
Repeatabilily: 
S, 0.001 0.001 0.003 0.003 
RSD, 8.95 2.31 5.16 3.16 
r 0.003 0.001 0.008 0.007 
Reproducibility: 
SR 0.001 0.002 0.008 0.016 
RSDR 10.41 8.99 13.28 17.23 
R 0.003 0.005 0.021 0.045 

"Combined results for duplicate samples AliA 7 
'Combined resullS for duplicate samples A1J A5 
<combined results for duplicate samples Al/A8 
"Combined results for duplicate samples A4/A6 

NUMBERED NOTES 
I. In the collaborative study the sample preparation proce

dures were used wilh the different samples as follows: 
(a) Vegetable oils-P. 
(b) Monoglyceride emulsifiers-B-I and 8-2. 
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Cd 11d-'6 • Mono- and Diglycerides-Oetermination by HPlC-RSO 

(c) Collaborative study samples-A,I. A,2, A,3. A-4. 
A,5, A-6. A, 7I11III A,S. 

2. The maximum concentratioa of vegetable oillhat may 
be dissolvod in the solvent mixture (Reagenlll, 4) is 4 
gllOO mL (4'it, m/v). 

3. Recon:ItheweishtoftheslalldardstoO.l mg(O.oool 8>. 
4. Sonication may be nec:essary. 

TableS 
For the .cIeIoleo.." .. il::aluiolan .. of cIiK,w,cerq ,the inleo ....... ate-
:y study CIII ........ 1:y the lurAL: Coi:a:' • 'ii \11.3 in 1995, 
in whic:IIll ......... Iories ~ each anaIpzi::s'_ 
...... (4 _ of Wind iIupIicatft) a::d obtaini::B _ m values 
fur nd! ...... JIIift the -.:lIs ,., ,wind in the feIIaw
.. tale. Resa/Is _ delerminelll:y linear equation. 

La"" befon: oudioB 
L.al>s after oudioB 
Accepted 1IlSIII:s 
Vi. (III» 
Vi .• tnowa ('it) 
Repealability: 
S, 
RSD, 
r 
Repoducibility: 
s,. 
RSDa 
R 

II 
(, 

24 
0.126 
0.1210 

6.006 
4.87 
0.018 

0.019 
14.82 
0.053 

II 
7 

24 
0.092 
6.0873 

0.003 
273 
6.007 

0.013 
14.70 
0.038 

II 
(, 

24 
0.055 
0.0S64 

6.000 
5.77 
0.008 

0.006 
10.12 
0.016 

<OmIbinod ......... for dupIicaIe samples AI/A7 
'CombiIIod ..... 1Is for dupIicaIe samples A21AS 
<ComIliDod ......... for duplicole samples A31AS 
~""""'forduplicole sampIosMlA6 

II 
7 

26 
6.042 
6.0461 

0.001 
218 
6.003 

6.006 
14.36 
0.017 

S. Report ooIy the _Its from 1,3 di..:yJal)ceiides. J&inotIe 
the 1.2-diacylglya:rides (~ ~ >>6 miD). 

REFERENCES 
1.IUPAC Co_wiDn OIl Oils. FtIU tuUllhri_itlft. 

(1995). Minutes of meeting, OWIdford. UK. Aa&wt 
4-4, 1995, pp. M31-M43. 

For the .tenni:lIIlion of~c:a" • tile inial ...... 
:y study cw:ple .... 1:y the IUPAC C !. C \IU in 1'"', 
in whic:IIl1 I_ I I its pMkipoalo4 .... I Ll":dtc._ 
p!es(4_ofbli::ddl,1 I ,_at'·· , ... (2) ...... 

......... ~, JIIift the -.:lIs izeII ia .. ....... 

........... R-.IIs_cIetu ! Idl:y, " lit 15 S 

Samples I' '1!' Jr 

LobI befon: oudiers II II II 
Lobo after oudioB (, 7 7 
Aa:IlpIed......... 24 28 28 
Vi. ('it) 0.133 0.081 D.CI57 
Di."-('it) 0.1210 0.0873 II.llS64 
R .......... lity: 
S, 
RSD, 
r 
Reproducibility: 
s,. 
RSDa 
II. 

D.OO7 
S.19 
0.020 

0.017 
1293 
0.049 

0.002 
271 
O.llO6 

o.m 
33.87 
0.078 

D.o08 
14.51 
D.o23 

~nod""""for"""''''''''''AIJA7 
'C«MMinod _ for f 1 r'al ......... A21AS 
<ComIliDod ........ for .................. A3IAI 
"Combinod ........ for .................. MlA6 

.. 
II 
7 

28 
IlOS6 
D.046I 

0.001 
1.87 
D.OO3 
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SAMPUNC AND ANAlYSIS Of COMMEROAl FAlS AND OIlS 

AOCS 0ffldaI Method Ce le-91 

Determination of Fatty Acids in Edible Oils 
and Fats by Capi Ilary GLe 

DmNIllON 
This mcdtod is forlbe deIerminIdoo of fatty add medIyI_ by capilIay pi liquid diu ........ 
SCOPE 
This mcdtod is II'PIiabie 10 Ibe determiaaIioa of fatty add medIyI_ ..... b .... fnw 'II I .... 
oils and fills acconIing 10 Aces 0fticiaI MedIod Ce 2~ IUPAC MedIod 2.301, N:»tC 969.33 01' 

0Ihcr ICCeplJed standan:I medtod. 

APPAlATUS 
The insIruc:Iioos P- apply to IOIUI equipment used for 
gas-liquid chromalography employiag capillary columns 
and flame-iooization ,k I 1100 

I. GaHiquid du •• , ........ 
2. In.jec:Iim SysIem. 
N~ The injectioa system sbould be spec:ially 

cIeaiped for use wIdl capillary .:m-. II should be 
of Ibe splil type Of oa-coIcmm (see Noccs, I). 

3.0vaL 
.v.r.w-TIle ovea st-ld be C8pIIbk: of llealiag Ibe 

colulDD to ot lea51 220·C and of maintaining the 
desired lempeialUle to wIdlin O.I"C (sec NOleS, 2). 

4. CapiIIaIy column. wIdl foII-mg ~ 
silica or glass; leoaIh 2S-6O m wIdl 0.20-0.35 mm i.d. 

5. Stotionary ~ polarity, mainly of Ibe 
type polyglycol (polyedlylaoe glycol 20,000). poJy
__ (lwKlIlICdiol ~) Of poIu' pnIysiIoune 
(cya_ilicones), e.g., Carbowax, DaraboDd 225. 
FFAP, SiIar 5 CP Of SupeIcowu. TIle COIIIiq should 
be 0.2-0.25 mm in IhictDess. 

6. Asaembly and CClIIdiI:ioI1in of Ibe coIumD: 
(a) Observe tile normal pm:auli_ for assembling 

capillary COI1llJlll5-lIuaagem .... of Ibe c:oIucJIIl in 
Ibe _ (support). dIoiee and - "bIY of joints 
(Ieat tightneas). positioning of tile ends of the 
coIum in die iDjc:I:mr ad Ibe " •• (.." •• 'i"n of 
deod ..-). Ftace Ibe coIum UI1der • c:arria' pi 
flow (e.s., 0.3 bar for. 2S-m coIum of 0.3 mm i.d.). 

(1)) Condition Ibe c:oIucJIIl by b..,a-pIOIilllBDin& 
Ibe oveu III 3"C1min from .mbient bI4JCi- 10 a 
b..,a- IO"C beIcM Ibe dec'M,,_DiIion limit of 
Ibe JIaIiooMy phase. Maintain at this bI4JCi
for I br or IIIIIiI Ibe baseline Slabiliza. Rdum 10 
18O"C 10 .......t UI1derisolbermal conditions. 

7. ~ClllplCilyof 10 .... gc~inO'I ..... 
8. Any suilllble '_*', imegrotot or dato pn. 'Of _y 

beosed. 

REAGENTS 
I, Canier gas-eilber helinm Of bydrogeu (see NOleS, 3). 
2. Auxiliary gas hyde ..... 99,"' mill, Me from orgcmic 

impurities. air or oxygen. 
3, Referenc:e .taDdards--a mixture of methyl esten of 

fatty acids (sec NOleS, 4). 

PIlOCEDUIE 
Sd«dDIt O/Opti,-~ Cm.fehu 
See IUPAC MetbDd 2,304. capiDary e.g. ps-liquid 
du,.··"'11 awIIIY of fatty acid medIyI eaIIn, aectiaa 5.1.1. 

The determiaaIioa of eII'ideIIIcy ad ~ • cw
ricd out for pacted coJnma (Ce 1-62) is DO ~ __ 

sary, as commen:ially available capillary c:oI-a -ay 
exIcibit uceDent pe"o._. L I f, • s,-1IIiIIibiIity 
test can be caniecI OPt by IIIIIIIyziq a catiW , __ 
__ In doing so.lbe opea .... COIIdiIioIIs. ... dJiciea
cy and resoIutioo of Ibe column CD be· .... '.1 aiI ..... _ 

lime. 

Spum Saltabilily JUt 
Refawce SWcdanII of ~ fill)' acid'> ,M'I._ (eoa
rainiag, e.g., CI6.~, CI8:O. CIS:I. ClIl:2., CIS:]'" C2O:O 
methyl 105_) or certified ,efa_ -W (e.g., CItM 
162) are used to check tile ~ of !be au,_ .. 
(NOleS, 4), HIbe..-;IIliw> ...... ''''.,.,.. _' ......... 10 
Ibe tbeorcIicaI YIIIIIes or Ibe calified ""'- Ibe s,-CIa 
be "'IlDded as suitable. 

Sample AnIl/y$is 
I. Use tile syringe (Apr •• " 1) II) Ide 8.1-1 ... of !be 

sobrIion of 110 S1(, of medIyI_.... d _ .... 
to AOCS OfIicial MetbDd Ce 2-«>, IUPAC Medlod 
2.301 Of AOAC 969.33 (See ~ I). 

2. Operate tile oven isodcelmall, at • b:mpcnllU'e of 
UIO .. 11O"C or opendIe by !me. ..... fnwllO-22O'C 
(see~5). 

3. Set iQecD' and d I I·. Sti __ 3Q..,-o'C ~ 
lbecolllmaltil ..... _e{sec~ 1). 

CALCUlATION AND mlE5SION Of IESUllS 
~ofPetIQ 
AIIIIIyze a ,eI'&eillce ___ tadd miJ<1Ie of ~ 0 ........ 
IIonUl1derIbe_opea .... ~... ,lit],. 
for Ibe 5IIIIpIes and debmine ..... """._ limos (NoIres.. 
4), ldeccdfy Ibe peaks from Ibe sample asin& tile i 10 ill_ 
limes oflbe .efa_ ..... ds. 

a-lit<Uille~ 
(a) Apart ftom exceptional -. __ !bat all of tile 

COi~ts of Ibe sample ..... qA I "'d 011 ..... dcJo. 
malogram, so that Ibe IOiaI of areas uadcr tile peals 
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SAMPlING liND ANAlYSIS OF COMMERCIAL fATS AND OILS 
Ce le-91 • Determination of Fatty Adds in Edible Oils and Fats 

represents 100% of the consituents (excluding the sol
vent peak). 

(b) For samples in which significant amounts of compo
nents below C 12 are absent. calculate the content of a 
particular constituent (expressed as percent of methyl 
ester) by detennining the percentage represented by Ihe 
area of the concsponding peak relative to the sum of 
the area of all the peaks. 

Area precent of the component I expressed as methyl ester = 
A. 

Where

-' x 100 
!Ai 

:EA, = sum of the areas under all the peaks 

In the presence of significant amounts of components 
below C 12. the areas obtained from the gas chro
matogram have to be multiplied with correction facrors in 
order to convert area percentages into mass percentages. 

Correct the area of eacb peak 10 compensate for the 
flame ionization de_ (PID) response for each com
ponent TIle PID conection facton; are calculated from 
the molecular weigh! of the FAME as follows: 

FlD" MW, 
x (nx -I)(AWc)(FlD,6,O) 

Where-
FlD, '" the PID factor for component x 
MW. = molecular weight of component x 

nx'" the number of cadIon arom. in the FAME of 
component x 

AW C '" the aromie weight of carbon (12.01) 
P1D'6:0 = the PID correction facror for 16:0 (1.407). 

All other PID correction facrors used in the calculation 
are relative to FID'6:O' For example. the correction fac
tor for 10:0 becomes 1.10. FlD correction factors are 
liSted in Table 3. 

Calculate the (relative) percentage x of each c0m
ponent by detennining the corrected area of the corre
sponding peak relative to the sum of the corrected 
areas of all the peaks. as follows: 

Ax 
X=-

Where
At 

Ax '" the corrected area of the peak corresponding 
10 component x 

A, '" sum of the corrected areas under all the 
peaks, excluding the solvent peak 

PRECISION 
The results of interlaboratory studies. organized at the 
international level. gave the statistical results [evaluated in 
accordance with Internation Organization for 
Standardization (ISO) 5725-1986J which are summari:ted 
in Tables I and 2 (References. 2). See also-Thbles 2.303.1 
and 2.304.1 (References. I). . 

Repeatability-When the mean of the values obtained 
from two single determinations. carried out in rapid succes
sion by the same operator using the same apparatus under 
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the same conditions for the analysis of the same test sample. 
lies within the range of the mean values cited in Thbles I and 
2, the difference between the two values obtained sbould not 
be greater than the repeatability value (r) for the level of fany 
acids comparable to those cited in Tables I and 2. 

Reprnducibility-When the values for the final result, 
obtained by operators in different laboratories using differ
ent apparatus under difrerent conditions from the analysis of 
the same laboratory sample, lie within the range of mean 
values cited in Thbles I and 2. the difference between the 
values for the final result obtained by those operarors should 
not be greater than the reproducibility (R) for the level of 
fany acids comparable to those cited in Tables I and 2. 

NOTES 
I. On-column injection is preferred because it generally 

gives less discrimination with oil-column injection 
mode. Dilute the solution to 0.05% before injection. An 
automatic injection system is recommended because it 
improves the precision of results. If a split injector is 
used, adjust the split ratio to approximately 1:100. 

2. Apparatus equipped with a temperature programmer is 
recommended. 

3. Either helium or nitrogen may be suitable as a carrier 
gas, but these may increase helium elution times with 
respect to hydrogen. Hydrogen, which is used only with 
capillary columns. can double the speed of analysis. but 
it is hazardous. Safety devices are available and sbould 
be used. Oxygen must be removed from the carrier gas 
by suitable tillers. 

4. Standards of most known fatty acids are available from 
suppliers such as: Nu-Cheek-Prep, Inc .• P. O. Box 172. 
Elysian, MN, USA; BasI of Copenhagen V. Denmark; 
Lanodon Fine Chemicals AB. UmhamnsgaJden aile 9, 

Table 3 
list of flD rI!SpOMe factors. 

FAME MW n-I PlDliIctor Corrcc:tion factot 

4:0 102.13 4 2.126 I.St 
6:0 130.19 6 1.807 1.28 
8:0 138.24 8 1.647 1.17 
9:0 172.21 9 1.594 1.13 

10:0 186.30 10 1.551 1.10 
11:0 200.32 11 1.316 1.08 
12:0 214.35 12 1.487 1.06 
13:0 228.37 13 1.463 1.04 
14:0 242.40 14 1.442 1.02 
13:0 136.42 15 1.423 1.01 
16:0 270.46 16 1.407 1.00" 
17:() 284.49 17 1.393 0.99 
18:0 298.52 19 1.370 0.97 
19:0 312.52 19 1.370 0.97 
20:0 326.37 20 1.360 0.97 
21:0 340.37 21 1.350 0.96 
22:0 354.62 22 1.342 0.95 
23:0 368.62 23 1.334 0.95 
24:0 382.68 24 1.328 0.94 

"Reference. 
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SAMPliNG AND ANAl. 'ISIS OF COMMERCIAL FATS AND OILS 

AOCS 0ffidaI MeIhod Ce 1c-89 
SuopIus 1'J!17 

Fatty Acid Composition by GlC 
cis, cis and trans Isomers 

DERNmON 
1bis meIhod is for !he delermill8lioo of fatty acid composition of hydl'OjClllled III1Il _P' .. tyI 

vqcIable fills and oils by capillary gas-liquid dIromaIograpIIy (GLC). using an SP·2340coIlIIIIIL 
SCOPE 
11te meIhod is designed to evaluate. by a single capillary OLe procectwe, IIIR:e .. ..,.Iies of a lIq
etabIe oil: <a) !he fatty acid composition. (b) Ie¥eI of tlGllSlII\S8lIIIIIIic and (~) cis, cis medryIene
inII:mIpfed UJ\S8IImIIion. 1bis procedure reports !he ttrllU __ IS !he __ pIIIR>I:III of 111 anpo
_ Ibat have 0I1C or more ItrlIU double boads. 11te cis. cis VIIIue is .' I alii_ by pi •• _ 
RSUlIS from methyl 6no1cate and methyl lioolenale. For a diSl:l1ssio11 of Ihe ... ___ dIia 
procedwe and _Indiliooellipoxygenase method, see ReIa_ I. T _ __ IS d I aliaed 
by !his procedure may _ asree wi!h ImIU __ as delermincd by Ihe bdl .................. _.ic 
meIhod (AOCS Official Melhod Cd 14-(1). 11tere is a reported observaIion iadicaries dial: _ 
meIhod tmderesIimates Ihe Il'llll.S-O"hlde ........ __ in favor of Ihe cis isomers in pIIdiaIIy IIydro
geaaItd lIqetabIe oils (NOleS. I and RefelellCeS, 2). 

APPARATUS 
I. Gas chromalogtaph-wi!h capillary iojection system 

(splill1lOlle. operated at a splil Ulio of 1:100) and 
flame..ionjzatioo detcclUl (FID). capable of meeaing, at 
a minimum, !he followiog requimneots (see Notes, I): 

IJljectioII port, 21 O"C 
DeIoctor.21O"C 
Ow:n ~ profile: 

lnilial ~ ISO"C 
lnilial hold lime, 0 min 
Program race. 1.3"C1min 
FmaillmlpCimoe, :zoooc 
Final hold lime, 10 min 

2. a.pJIary OLe coIumn-6O-m x Cl.2S-mm fused siJica 
capillary collllllll c.-:I wiIh SP-2340 (Supelco *2-4023. 
SuprIco.IJIc..1IdIefonIe. PA. USA). See Notcs, I and 2-

RfAGENTS 
I. Carrier s-helium. mini_ purity 99.95 mol .... 

dried and containiJIg a muimum of 10 IDI oxygen/t&. 
2. Refe_e standanls-a mixture of ci& and traM 

methyl _ of known conlpOSition. e.g., qu&IIlitaIMo 
mixllR DO. KilO ('I90S0. A11tech Associates. Inc.. 
Deerfield. IL, USA) or 0Le-61 (Nu-QIek-P!ep. 1JIc.. 
Elysian. MM, USA). 

I'IlOCEDUIIE 
I. Set up the gas chromalograph .$ described in the 

Apparatns secUon. ~ Ihe IMIlIfC carrier gas 611-
_ w:locity 10 15 anIsec, wiIh • split olio of 100:1. 
CoIIditiOll • new column by JlIIIIIBin& wiIh carrier gas 
overnight at room tempenlllRl and then gndually 
inaeasi. Ihe lImIpCiatute (I-2"C1min) 10 • 1ImIpCi. 
11ft 10-2O"C higher tIallhe --' openIIing 1ImIpCi
moe, but 110 higher tIal !he recommended limits 01 
!he column. 

2. Prepare the melbyl eslers from the uicJycerides 
acconIing 10 Notes, 3. Melt _ AI""'" __ ...... 

thoroughly before samplinc the vials 10 _ the 
tri&lyc:midcs for methyJmon. DiIuIe Ihe IIIIIdlyI _ 
10 fIbout I ... wiIh ....... or I. 1M 

3. Inject I pi.. 0I1he methyl aIel'S from the refa_ 
sample into Ihe gas d ........... 1dei.uJ I*:It cam
panelli <see Nntes. 4) and complile .. illt Fipre I. 
SeIed adIIIitions 10 provide cIclrsc 10 1M" 1m. .,.. 

lion or better of cis;~ and _ CII:. (see ~ S). 
4. II\icct I pi.. of Ihe I _ fmm Ihe _ ...pe 

into Ihe gas cIu ............... Calmhtt _ --_ of 
each component wiIh an ____ livttiM 211.101 
wiIh unity II spIlDle fiu:tcws for -=Ii I I.... 1 

s. Mab _ prnper 'i'LBiM • for .... pcIIb by _ ...... 
ing Ihe __ limes wiIh Ihoae ol 1 he ....... 

Ihe cluOiD1llOjpan sIMMn in f'iBIR I _ • pi+ti-
11te paper by H. RIden. et .t. (RefeI ......... 4) may 
aIsn be uaefuI in IDdli'C .... prnper ·s • 

6. CaIcuJa!r: Ihe -'-Iion for eada ....... 'l1Ie ..... 
... C11:

1 
Ie¥eI is __ olll1 CII!:I _ _ cis 

componellts. The _ is tnIe for 
whim ate Ihe _ of 111 Clea and C 
lespedioelJ. 11te 10IIII _ Ie¥eI is l: _ ol C I 
traNI. C'l:l II'WU and C'1IiI traNI 00ItI.... illS. =Jt 
cIu\llWOgf .... in FigIn I shows Ihe dIIIioa Older of 
these ~. 11te C'I:I 'IIIIU C'M,. I 1 __ 
befoIe Ihe C'I:' cis ( ...... _ 11te C'1I:2 "- c0m
ponent ~nsislS of three puts ..... icb elate before 
methyllinoleu!e (C'1I:2 cis. cis). 11te cis. cis Ie¥eI is Ihe 
AIm of me.tbyI Ii..,...., and methyl liDo' $ 

DATA ANAL1SIS 
I. Elec:llalic: in & IIIiw ol p'. u.e. _ .,p- • 

meIhnd wiIh uniI:y ............... __ far 

eada ~ 10 Ihe _1IundnIdIb of. pen:ent. 
See '!lIbles 2 and 3 for collaborative study sta:tistics 
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15.00 18.12 21.25 24.37 27.50 30.62 33.75 36.87 40.00 
_lime I"") 

r ..... 1. a..-atogram of methyl esters from collaborative $Iudy sample B1 (partially hydlogenated soybean oil). 

EXAMPL£ Of TYPKAL CHROMATOGRAPH 
I. See Figure I, a chromatogram of methyl esters from 

collabolalive study sample B I (panially hydrogenated 
soybean oil), and NOleS, 2 and 3. By way of example, 
the percentages of methyl esters represented by the 
chromatogram in Figure 1 are as listed in Table I. 

NOTES 
I. Duchateau and coworkers (References, 5) described 

optimum isothermal temperature conditions (verified 
by silver-ion exchange HPLC) for GLC separation of 
cis and traM isomers with three bighly polar station
ary phases listed below. 

SlIIlionary phase 

CPSiI-88 
SP2340 
BPX70 

Temperarure. DC 

isocralic, 175 
isocralic, 192 
isocratic. 198 

2. Columns of medium poIarily give a complicated over
lapping pattern for cis and trans isomers (References. 6).. 

3. AOACl1ntemalional Union of Pure and Applied 
Chemistry (IUPAC) procedure 969,33 (References, 3) 
is as follows (see also AOCS Official Method Ce 2-66): 
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Table 1 
I'en:e ..... of ~ esters torI'eIpOII4Iin to !he 
chromatogram in F ..... 1. 

Melbyl esters 

C'4<1 
Cuxo 
C,.:o 
TotaIC, .. , 
ThtaI CIS:2 

<;0,0 
Total CII:) 

<;2<1 
C241l 
Methyl oIeaIe 
Metbyllinoleare 
Methyllinolenate 

Clio' tra1lS 
C'8:2 tra1lS 
Total tnms 
cis, cis 

(a) Apparatus and reagents-

0.1 
11.6 
10.8 
55.1 
20.0 
0.4 
0.9 
0.4 
0.1 

211.4 
15,0 
0.6 

16.6 
3.9 

2O.S 
15.1 

-Reaction flasks: 50 and 125 mL. with outer 
standard lllper joints. 

--Condenser: water-cooled. reflux type, witb 
20-3O-cm jacket and inner slllndard taper Joint. 
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AI A2 BI B2 

i.lI> ~- IWI 10.9 9.9 9.6 

(:,1. ... 1.7 1.9 .... 4.7 

MedlyloIeIIe 24.1 25.1 rI.o 263 

Melbylliacl • 6Q.4 S1.7 40.3 40.4 

!jno!epMe 0.9 1.0 4.2 4.0 

C,,,,_ - 2.0 4.4 63 

ToIal_ - 2.1 6.-4 1.2 

ds.ds 61.4 .58.6 44.4 44.4 

RSDa C,~ 7.5 33 3.8 4.6 

<;1;0 8.5 20.6 2.7 :U 

MedlyloIeIIe 1.1 2.4 3.9 3.9 

Melhyllillolale 1.2 1.6 1.7 U 

McdIylliact , 17.5 16.7 3.8 4.1 

C,*,,_ - 4.0 6.5 3.5 

ToIal_ - 7.7 8.4 4.6 

~cis 1.1 1..5 1.7 1.9 

IIIiIId "'..,&aIr B1iDd ..... i<1IC 

RSDa I'IIIr I (nl. EI) I'IIIr 2 (D2. 112) 

C,ttO 1.4 :$.8 

Ciao 5.3 1.0 

MedlyloIeIIe 0.8 4.0 

Melltylliao. , WI WI 

Melbylliaole_ 2.1 1.6 

C,It,- 1.2 1.0 

TOII/_ 2.4 1.9 

cis. cis D.9 0.8 

-Boron trifluoride reageDt: 125 I BF) per liter of 
methyl ablIIoI. available C~.,.DeIdaIIy. 

-Medlanolie sodium hydroxide solution: O.s N. pre
pan:d by dissolving 2 g NaOH in 100 mL methyl 
alcohol. COI1IlIilIillg S o.s ... water. 

-Heptane: pure as detennincd by GLC. If faJJy acids 
wilh more !han 20 carbon atoms an: absent from 
sample. hexane may be used. 

-Melbyl red solution: 0.1'" in methyl alcohol. 
-Nitrogen: CQIIIlIining < 5 mg oxygen per kg. 

SMII'UNG JINO _1ISIS Of COl. "It. fAts JINOOI.S I 
Ce 1c-19 • Fatty Acid Composition by GlC 

SIIIIpIe" 

CI C2 DI D2 EI 112 PI P2 

12.1 llA 10.1 103 10.1 18.2 10.9 9.1 

10.7 10.9 8.5 8.5 8.5 8.5 73- 6.4 

26.7 rI.S 22.1 22.1 2U 22.4 n.1 2$.2 

17.1 15.5 :10.4 32.lI :10.6 32..1 16.1 19.6 

0.7 0.7 4.1 4.0 4.1 4.1 13 1.2 

11.9 16.7 17.7 15.3 17.4 1S.4 2U 24.5 

21.1 19.8 111.4 15.7 11.9 1.5.9 2.5.7 711) 

17.8 16.2 34.4 36..5 ! 34.7 36.7 11.1 :lO.I 

6.9 4.1 3.7 6.7 i 4.2 5.1 6.1 5.2 , 
7.4 3.8 3.2 2.4 1.9 2.9 2..5 2.5 

7.7 6.9 10.9 9.9 19.9 11.5 9.6 9.1 

5.2 3.0 2.4 2.2 2.0 1.7 3.2 2.5 

13.4 1.5.2 4.2 9.7 33 3.0 9.6 9.3 

3.8 5.1 5.2 S.4 5.1 6.6 S.7 S.o 

4.0 4.2 5.7 6.0 S.8 6.9 5.1 4.2 

S.1 2.8 2.4 2.9 2.0 1.6 3.0 2.2 

AI. A2 ....... oil 
BI. B2 =poiIiaJIy ..,..t, • ...,...... oil (~oiI) 
CI, C2 .. poiIiaJIy lIP· c ,...,...... oil ........ oil (IIIGn-

0IIiIIs) 
DI,D2. 
EI,I!2 = Uqu;d""""" ail,......., .,*. 7: ...,......oiI 

(_po_oil) 
PI,P2=poiIiaJIylr,.. • • ...,......oiJ. ........... ail, ..... 

IiIIly h,do, II " .... oiI (-po_oil) 

s...p.s ......... forBI_I'odified ... ,... ... of...,. ... 
.. ....,.......,. tillO' 2: 

Chcd .- baIdtes of i C S. pII'Iic1tJ.rIy BF,. 
by prepuins .. ~ IIICdiyJ _ 01 
pure oleic acid. If _LklOii$ peats ..... ia c.-c.. 
repm. rejeet !he BF) Jiiiiit*1IIion. Wort ia fUme liooi[ 
Wash all'-_ deL ; Iy after __ If...., adds 
COI1IlIilIing >2 double boads _ IX " .- air for 
a few miDDIeS. Melbyl _ sIMmId be analyzed as 
soon as possible If-.III)', bcpIaue solution may be 
kept under nillOlQl in ,e>,igeolllUC. For prolonged stIlr; 
age. seal in ampule and SIOre ill r-. 01 add equiYas 

!. 
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lent of 0.005% BlIT. For IR 8II8Iysis, solvent removal 
musl be as complete as possible; for OLC analysis, 
5-10% solution is acceptable. 

Precise weighing is not required. Sample size need 
be known only to detennine size of flask and amounls 
of reagents, according to the following table: 

Sample, FI .. k, 0.5 N NaOH, BF3 Reagent, 
mg" mL mL mL 

l00-2S0 50 4 5 
250-500 SO 6 7 
500-750 100 8 9 
750-1000 100 10 12 

"Sample size of about 350 mg is pmferred for Ole analysis. 

(b) Procedure for fats and oils-Add sample to flask, 
and then add methanolic NaOH solution and boil
ing chip. Attacb condenser and reflux until fat 
globoles disappear (usually 5-10 min). Add SF) 
solution from bulb or automatic pipet through c0n
denser, and continue boiling for 2 min. Add 2-5 
mL beptane througb condenser and boil I min 
longer. Remove beat, then condenser, and add sev
eral mL of saturated sodium cbloride solution. 
Rotate flask gently several times. Add additional 
saturated sodium chloride solution to float hexane 
layer into neck of flask. Transfer I mL of upper 
heptane solution into slass-stoppered test tube, 
and add small amount of anhydrous sodium sul
fate to remove water. If necessary, dilute solution 
to concentnltion of 5-10% for OLe. 

To recover dry esters, transfer aqueous and 
beptane phases to 250-mL separator. Extract with 
two 5O-mL portions petroleum ether (bp ~.C) 
or hexane. Wasb combined extracts with 20·mL 
portions water uotil acid·free to methyl red indica
tor. Dry over anhydrous sodium sulfate, filter and 
evaporate solvent lIJlder a stream of nitrogen on 
steam bath. If sample is <500 mg, reduce the vol
ume of solvents and water. 

More volatile esters may be lost if evaporation 
is prolonged, or if stream of nitrogen is too vigor
ous. For IR spectroscopy, terminate evaporation as 
soon as solvent is removed. For OLe, method is 
applicable to fatty acids with ~ carbon atoms, if 
solvent is not completdy removed. 

(c) Procedure for fatty acids-Add fatty acid sample 
to flask, !ben add SF) solution and continue as in 
(b) Procedure for fats and oils, above, except 
reduce initial boiling under reflux to 2 min (see 
References, 3, 7-10). 
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4. Elution order-A discussion of the elution order of the 
componenls determined by this method is presented in 
the paper noted in References, 4. Each analyst should 
8II8Iyze a reference sample 10 ensure that the OLC sys
tem is operating properly. 

5, Cany out the 8II8Iysis of a mixture of methyl elaidale and 
metbyl oleate. Adjust the OC conditions so that the 
methyl ebtidate peak is reaxded about 30 min after injec
lion and 0.5-0.75 filii-scale. Me&SUn! base widths in mm 
of methyl elaidate (WI) and melbyl oleate (W2) between 
points of intersection, with baseline of tangents drawn to 
inflection points of curves. Me&SUn! the distance in rom 
(Y) between peak maxima for methyl elaidate and methyl 
oleate, CaIculate resolution by the formula: 

2Y 
R '" -.:=.::.

(WI +W2) 

Select conditions to obtain R t! 0.8, remembering that 
resolution between cis and trans isomer groups 
increases with beating rate, while the resolution within 
each group decreases. 

The samples used in the collaborative study of this 
method were commercial shortenings and oils, and 
IlIIIf8IIrlne oils that were made from soybean, com or 
palm oils. 

REFERENCES 
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16th ed., Vol. n, Oaithersburg; MD, 1995, Chap!. 41, 
p. 17, Method 969.33. 
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2.207 Dete .. dlnation of content of iIIoIated IIva.r-un1 .'lUI.ted 
compounds by Infrared specttophotan18b, 

Scope 
This Standard describes a procedUre for the determination of !be _ of isoIaled (i.e. 
non-conjugated) 1l"tUIs-lIIISIIt1Inlted compounds by infrared spectlOpbotomelry. , 

Field of apptiaIioD 
This Standard is applicable to natural. refiined or hydrogenated 8Dinud and ~ oils and 
fills. fany acids and fatty add methyl esters. in which the ll"tUIs-unsatunled compounds In 

present in more thaD 1 per cent. 
The method yields spectra whicb C8D Ies$ easily be interpreted, and beoce aIIonIless_ 
results, in thepresena:of: 
- compounds with functiooaI gmup absorbing in the nei&bbowtIood of the C-H 
deformation vibration at 910 em -I (10.3 nm) or affecting il. e.g. ric:inoIeic add in QoItot oil; 
- compounds with eDIIjugaled IlIISIIturated double bonds. such as IIIlIB oiL 

PriDdpIe 
Couversionof !beoUs, fal$ orfany acids into fatty acid methyl esters,and __ ofthe 
absorption of !be fatly acid methyl esters at around 910 em-I (10.3 am). absoIpIioo being 
caused by a deformatinnof!beC-H bonds adjacent 10 the isolated_double bond. 
The content of isolated ll"tUIs-unsaturated components is upu;ssed as pezceutap of methyl 
elaidate .in the methyl esletS. 

DefInition 
The content of isolated _unsaturated oomponeuts .in oils, fats, faIiJ adds or latty acid 
methyl esters is given by that percentage of methyl elute pc II Il in a midme of methyl 
elaidate and methyl steame for which the spc:cilk: absiJlpIlioe at 910 em-I (10.3 am), 8$ 

determ.ined by the method pn:IICribed below. is idenUcal with that of the flIny acid methyl 
esters. either as presented. or as pIepUed from the oils, fats or flIny acids. 

5 Apparatus 
5.1 10-ml measuringllasb, willi gtOIIIId-gIaa stoppc:I". 
S.2 RccordiDg. douhIe-beam infrared spectIopbotometer. suitable for quUllilam.e ill I iii dO

ments withinaraoge 1100_910 em-I (9 and 11 om), witbaa_KYof1cm-' (O.0111iD). 
5.3 I-rum infrared cells. with .' I tow (e.,. sodium dIJoride or ...,..._illol bromide) whicb do not 

absorb in the raoge of me E . I _I. 

The matc:bina pain of cells required for the eaIibmion ~ ... die _ r' .1 •• and_ 
the reference soIudon should baWl die _ path Ie. to widtiIIl pea-_L 

6 RUIIIIs . 
6.1 Carbon disuJphido,...,. .... ~ ...... lquaIitJ. 

Note: carbon disulphide VIIpIlIirjlUe pniSonOllS and ftammalJle. WOltsbould be CIIrried out in 
Ii well-ventilated iOOOI. preferably in • fume cupboard. 

6.2 Sttulillud iStIbsttzn«: methyl eJaidate (methyl ester of 9. 10-.!nmJ.0ctade0 eNlic acid), at least 
99 per cent pure. Failina this, a mixtun: with a content of at least 65 per cent isolated 
trans-unsaturated oompotmds. delemrined by means of die standard sublla_ C8D be used. 

6.3 Refnena subs_cit: methyl stearate (methyl ester Qf OC'adecanoic acid). free from 178M

unsaturated oompounds. 
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2: OILS AND FATS 

AUDeu 

Analytical quality control 

1 Repeatability 
Wben the mean value of two single test results obtained under repeatability con
ditions (conditions wbere independent test results are obtained with tbe same method 
on identical test material in the same laboratory by the same operator using the same 
equipment within short intervals of time) lies within the range of tbe values shown in 
the table beiow, the absolute difference between the two test results obtained should 
not be greater than the repeatability lim"i( (r) deduced by linear interpolation from the 
data in the table. 

2 Reproducibility 
When the values of two single test results obtained under reproducibility conditions 
(conditions where test results are obtained with the same method on identical test 
material in different laboratories with different operators using different equipment) 
lie within the range of the values shown in the table below, the absolute difference 
between !be two test results obtained should not be greater tban the reproducibility limit 
(R) deduced by linear interpolation from the data in the table. 

3 RI!SfllIs of the interlaboratory test 
An interlaboratory test carried out at the international level in 1988 by the IUPAC 
Commission on Oils, Fats and Derivatives. in which 16 laboratories participated, each 
obtainiftt! two lest results for each sample, gave the statistical results (evaluated in 
accordance with ISO 5725-1986) summarized in Table 2.304.1. 

2.304/5 
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2: OILS AND FATS 

7.1 Calibration curve 
" 

7.1.1 Pn:pancIaaeldlleallllndea_+d ': _ ...... _ • l_ 

Imo a series of 10-mi measuriDg IIasb (5.1) weip. at dIIe IIC8rest 0.1 ... "espectiTely 0 
(reference solution), 25, SO, 100 and 150 111& of the standanI snbsbI ...... (6.2), and make up 
each weiptiog to 200 IIlI with BIelbyl S1aratc (6.3). Dissolve eac:h of these miatuJ'es in 
carbon disuIpbide (6.1), and mate up 10 Ibr:martat2O'C. 

7.1.2 Me...... • ... dllen.I ............ 
N.B. The determinations should be made willi Ibr: solutions IDlIiD1aiDed at 2O'C. 
Rinse a clean cell (5.3) with the <:aIibrationsolution COIltainiDa25 IIlIdmedrylelaidate, and 
/ill it with this solution. If necessary, use a syriD&e for fiIIiDa In _ill any bmation of air 
bubbles. 
10 lIIe same way, /ill the second cell (5.3) willi Ibr: lefCiencc solution <-tainiDa only methyl 
stearate). 
Place !he cell containin& the referenc:e soIuIion m one beam of IR. ..-uupllOlDmeler (5.2), 
and the ceO _raining the calibration solution m Ibr: oIher beam. 
Plot !he tnrnsmjssjon (or absorption) cune between 1050 and 900 em-I (9.5-11 am) at 

optimal iustrumental settings. 
Similarly, plot !he tral!S!!rissk"l (or absorpUoa) CIIIVCS for !he oIher calibration soIutioas m 
the order of.iDcreasing conccntraIions. 

7.1.3 eu.uwdllM ... dIIe oaa ..... _ 
Each of !he four tra!lSJ!!ission (or absorption) curves of !he fourcalibialiua soIutioolSu-a 
minimum (or a maximum) at around 970 _-I (10.3 DID). Dtaw a b au" b eac:h _; 
this is !he straigbt line between !he absOJption minjma at aL 1000 and 92S em-I (10.0 and 

IO.Sum). 
For a tranSmjssjon curve _!he cIisI:aaca OR and PR (_IipIe) at !he tra .. 
minimum, and calculate !he allsorption Ai of !he soIutioa by !he fOrmula: 

~ = IogPR. 
OR 

For an absorption curve read !he absorplioDs Ao III 0, and AI' at P, and ob'ate !he 
absorption Ai of !he solution by !he formula: 

Ai = Ao-A,.. 

Plot !he graph for the four<:alibratiou sokdioas. taking !he ............. of!he standardsubslance 
m !he solutions as -bK:issae aDd !he corresponding values for Ibr: ........ ptiou AI 8$ ordiDates. 
Draw !he best straigbt line throngb !he four points plotted. 
For each series of determinations, earry out a control. usins one of !he c:alibratioa solutions, 
and verify that !he measured value for !he IIbsoIbancc lies on the calibration em:ve. If it does 
DOl, construct a fresh <:aIibration curve. Do this, also, if the insttumenral settiDgs have been 
changed, or when parts of lIIe apparatus. or !he cells, have been replaced. 
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7.2 Preparation of the solution to be assayed 
Prepare 250-500 mg of methyl esters from the sample of oil, fat or fatty acids according to 
2.301, 'Preparation of fatty acid methyl esters'. 
If necessary, melt the methyl esters by warming. Weigh, to the nearest 0.1 mg, 200 mg oftbe 
well-mixed preparation into a measuring flask (5.1). Dissolve this test portion in carbon 
disulphide (6.1) and make up to the mark at2O"C. 
If the transmission at 970 em-' (10.3 11m) ofthis solution isfound to be less than 10 per cent, or 
if enough sample is not available, weigh a smaller test portion and add sufficient methyl 
stearate (6.3) to make up the total amount to 200 mg. 

73 ~easuren1ent 
Rinse a clean cell (5.3) with the teslsolution maintained at 20"C, and fill it with this solution. 
If necessary, use a syringe for filling to avoid any formation of air bubbles. 
In the same way, fill the second cell (5.3) with the reference solution, containing only methyl 
stearate. 
Place the cell containing the test portion in one beam of the spectrophotometer (5.2) and the 
cell containing the reference solution in the other beam. 
Plot the transmission (or absorption) curve in the range 1050-900cm-' (10.0 and 10.8 nm) at 
optimal instrumental settings . 

. If isolated trans-unsaturated components are present, there will be a transmission minimum 
(or absorption maximum) at about 970 em -'. Draw a base-line on the curve; this is the 
straight line between the absorption minima at around 1000 and 925 em-' (10.0 and 10.8 om) 
see Fig. 2.207.1). 
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2.103 Spectrophotometric determination of the colour 

Foreword f 

The subjective metbods used for the estimation of the colour of oils and fats are frequently I 
empirical and not easy to carry out; these have not been retained. A more accurate and easier 
method is required, viz. the determination of the transmission curve between 400 and 700. , . 

nm, or measurement of the transmission at definite wavelengths. i 
Crude oils and fats have transmission curves which are characteristic for each family of fats. 
All bleached oils and fats, on the contrary, show transmission curves which are similar and; 
witbout characteristic peaks. i 

Scope .. 
This Standard describes a spectrophotometric metbod for the determination of the colour I 
of oils and fats by measuring their transmission in the visible spectrum (between 400 and 
700nm). 

Field of application 
I 

This Standard is applicable to animal and vegetable oils and fats. 

Principle 
I 

Using a spectrophotometer record the transmittance measurements between 400 and 700 nml 
at regular intervals of 10 om in cells of a length such tbat the transmission factor relative to the 
reference solvent lies between 20 and 80 per cent; do not, however, use cells of less than 0.5 
em or more than :; em length, except for special investigations (note 1). Determine thel! 
position and tbe extent of the principal inflexions in tbe curve (the maxima and minima) byl 
measurements made at I-om intervals. If necessary, convert the observations to a standard 
length of 1 em by calculation. 

I Apparatus 
l00-ml volumetric flasks. I 
Spectrophotometer, provided with cells having parallel plane surfaces 0.5, 1,2 and 5 (or 4) 
cm apart. 

Reagents 
Nickel SUlphate, analytical reagent quality (NiSO •• 7H.O) (note 2). 
Cobalt sulphate, analytical ~ quaIjajI"C:;IIi'ih~) (note 2). 
Carbon tetrachloride, anhydrous, for spectrophotometry. 
Hydrochloric acid, aqueous solution 1 N. 

I 

Reference solution: put 11.5 ml of the aq_~ of bydrechloric6cid (5.4) in the" 
volumetric flask (4.1); dissolve 4, 19ofnickel sulpluw(5.I) (Ni - 982 mg) and 3.1 gof cobalt I 
sulphate (5.2)(Co = 650 mg) and make up to «I8.·'Nith distilled water. . 

~ 
-Preparation of the sample . ~ 
The samples to be examined must be clear. Filter through paper if necessary in the presence 
of a small quantity of a filter aid which does not affect the colour. 
Solid fats should be previously melted and maintained at 1000C above their melting point long l 
enougb to ensure tbeir clarity. They must remain clear for the duration of the experimental 
work. Finally, use a thermostat regulated to the minimum temperature compatible with the 
melting point of the fat. 
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2: OILS AND FATS 

Clarify !be sample, if necessary, by drying inllllCUt1away from JiPt. 

Procedure 

Checking the spectrophbtometer 
ReguJate !be wavelength seIcction device of lIIe spediophulumeter usinJ !be foIowiag two 
men:ury Iines for c:aIibration: 

A, = 546.1±0.2om, 

A, = 435.8:1:0.4 om. 

1 Check lIIe transmission sc:ale by measuring die trammittance in l-cm cells usiD& a 
minimum slitwidlll for !be observations of !be refIonnce solution (5.5) relative to !be soIveoIt 
(S.3).lf!be apparatus is properly adjusted !be foJ.".;ng vaJuessbnuld be obt.aiDed: 

A = 439 om 

A = 5120m 

A = S810m 

T .. 51.4:1:0.3, 

T .. 26.9:0.5, 

T = 13.3:0.3. 

2 Two cells of the same length used aItemllliveIy fur die n:feiCllCe solvent aDd !be rdetence 
solutiDn should Jive, at 5SO om for example, ~ not difl'eriq by __ than 

0.5 per ceol. 

Measurement 
Determine !be pen_tap transmission of !be ample in al-cm cell evay 10_ from 400 10 
700 om compared willi lhat of carbon Ietrac:hIoriIk (5.3) as a b1aU: aad IIIiDa a ",M,,"taB 

slitwidtb for eadI obIJervation. At !be points of -mtum and ",;mm .. m tra"·,,.. '?a lake 
readings at 1 om distance on each side as far as inecelll'Y 10 secure pra:isino. Mate dIRe 
observations at each wavelengtb 811d.--rd !be _. Tbae are two poIIibiIities: 

1 all !be teadings fall between 20 and 80 per ceor.epon!be reMinp; 
2 _of !be reacJin&sfaU below 20 or above 80 F cent. For n .... fdia& below 20 pel' 

cent, repeat !be observations at these wave' '111M .... a 0.5-cm cell. For ",Mi.,.. faIIia& 
above 80 per ceot, but below 90 per ceat, repeal !he ~ Illite a 2-cm cell. For 
readings falling above 90 per cent, repeat !be obsenations .... a S- (Olt 4-) em cell. 

EspressioD ofresulls . 
By !be applicatiDn of Lambert's law, caII:u1ate !beftlaeof!be tra .... inancefor 1 cmlengtb 
usin& !be formula: 

log 100 "' ! los 100 
T, n T. 

wheri: T, is !be transmission caII:u1ated fora c:eIl ofl an, T. is !be tra .... -... _red for a 
cell ofn an. 
The c:orresponding values of T and Ing 100fT are pen in !be tables. Expras !be resu1ts thus 
obtained either by means of a series of u-i_ values at defined wawIengIhs or by 
means of a lIf8Pb plotting !be transmission apiIIsI !be wavelenglh (-'e: 1 an 011 !be 
abscissa = 20 om. I em on lIIe ordinate = 5 per cat transmission). 
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Notes 
1 In the case of special investigatioos, the transmission measurements below 20 per cent can I 
be made in a l-cm cell on a 1 in 2 volume dilution if the observed transmission is greater than 5 
per cent, or in a 1 in 5 volume dilulioo if it is less. 
The dilutions are made by weighing9.120 g of fat into a standard 20-or 50-ml flask, depending I 
on whether the dilution is to be 1 ill 2 or 1 in 5, and then making up to volume with carbon 
tetrachloride (5.3) at 20"C. 
The transmission of a pure fat examined in a l-cm cell is given by the formula: 

~ 
100 1 100 

log- = -log-
T, d Td I where d is 1/2 or 115, Td is the transmission measured at the dilution d. 

2 The exact titration of nickel and robalt in commercial salts may be necessary. 

Warning i 

Carbon tetrachloride I 
Use of a fume hood is recommended. Carbon tetrachloride is hazardous and a cancer suspect 
agent. 

I Table 1.103.1. Table ofrorrespondingval ... 

T_1og J¥l 
I T 0.0 0.1 0.2 0.) 0.4 0.5 0.6 0.7 0.8 0.9 

3.000 2.699 2.523 2.398 2.301 2.222 2.155 2.097 2.046 

I 1 2.000 1.958 1.921 1- 1.854 1.824 1.796 1.769 1.745 1.721 
2 1.699 1.678 1.657 1_ 1.620 J.602 1.585 1.569 1.553 1.538 
3 1.523 1.509 1.495 1 .• 1 1.468 1.456 1.444 1.432 1.420 1.409 
4 1.398 1.387 1.376 1.l65 1.357 1.347 1.337 1.328 1.319 1.309 

I 5 1.301 1.292 1.284 LVII 1.268 I.2I50 1.2S2 1.244 1.237 1.229 
6 1.222 1.215 1.208 IJllI 1.194 1.187 l.lSO 1.174 1.167 1.161 
7 Ll55 1.149 1.143 I.ID l.131 Ll2S 1.119 1.113 I. lOS 1.102 
8 1.097 1.092 1.086 IJISI 1.076 1.071 1.065 1.060 1.055 LOSI , 9 1.046 1.041 1.036 um 1.027 1.022 1.018 1.013 UJOI) 1.004 

10 1.000 0.996 0.991 0.'l87 0.983 0.979 0.975 0.971 0.967 0.963 
II 0.959 0.955 0.951 0.947 0.943 0.939 0.936 0.932 0.928 0.924 
12 0.921 0.917 0.914 o.m 0.907 0.903 0.900 0.896 0.893 0.889 

I 13 0.886 0.883 0.879 0.1176 0.873 0.870 0.866 I'¥ 0.863 0.889 0.857 
14 0.854 0.851 0.848 0.845 0.842 0.839 0.836 o.m O.8JI-:~' o.m' 
15 0.824 0.821 0.818 0.lh5 0.812 0.810 0.807 0.804 O.SOI 0.799 
16 0.796 0.793 0.790 0.118 0.785 0.782 0.780 o.m 0.775 o.m 
17 0.769 0.767 0.764 0.162 0.759 0.757 0.754 0.752 0.749 0.747 
18 0.745 '0.742 0.740 0.138 0.735 0.733 0.730 0.728 0.126 0.724 II 
19 0.121 0.719 0.717 0.714 0.712 0.710 0.708 0.706 0.703 0.101 
20 0.699 0.697 0.695 0.1192 0.690., 0.688 . 0.886 .. 0.684 O.~ O.~ 

.21 0.678 0.676 0.674 0.612 0.670 0.668 0.866 0.664 0.662 0.6150 -* 

22 0.658 0.656 0.654 0.652 0.650 0.648 0.646 0.644 0.642 0.640 l 
23 0.638 0.636 0.634 o.m 0.631 0.629 0.627 0.625 0.623 0.622 
24 0.620 0.618 0.616 0.614 0.613 O.6ll 0.609 0.807 0.1i06 0.604 
25 0,602 Q.600 0.599 0597 0.595 0.593 0.592 0.590 0.588 0.587 I 
26 0.585 0.583 0.582 0.580 0.578 0.577 0.575 0.573 0.572 0.570 

'"" 21 0.569 0.567 0.565 0.564 0.562 0.561 0.5150 0.558 0.556 0.554 
28 0.553 0.551 0.550 0.548 0.547 0.545 0.544 0.542 0.541 0.539 
29 0.538 0.536 0.535 0533 0.532 0.530 0.529 0.527 0.526 0.524 
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I T 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0..8 0.9 

30 0.523 0.521 0.S211 0.519 0.517 0.516 0.514 0.513 0.511 0.510 

I 31 0.509 O.!lII7 D.S06 0.504 0.501 0.502 O.SIII 0."" 0.497 0.496 
n 0.495 0.493 0.492 0.491 0 .• 0._ 0.487 . 0._ 0." 0.4&3 
33 0.4111 0.480 OA79 0.4111 0.476 0.475 0.474 lI.m 0.471 0.470 
34 0.469 0.467 D.466 0.465 0.463 0.462 0.461 11._ USB 1I.4S7 

I 3S 0.456 0.455 D.& 1I.4S2 0.451 0.450 D.44 0.447 0.446 U45 
36 D.444 0.442 0.441 0.440 0.439 0.438 0.436 0.4lS 0.434 0.433 
37 0.432 11.431 0.430 0.428 0.427 0.426 0.425 0.47.4 0.422 0.421 
38 D.420 0.419 0.418 0.417 0.416 D.414 OA13 0.412 0.411 0.410 

I 39 0.409 0.408 0.407 0.406 OA04 0.403 0.402 0.«11 0.400 0.399 
40 0.398 0.397 11.396 0.395 0.394 0.393 0391 0.399 0.389 0.388 
41 0.387 0.386 D.38S 0,.J84 0.383 0.382 0.381 IlB o.l79 D.378 
42 0.377 0.376 0.375 0.374 0.373 0.372 0.371 0.3711 0.J1i61 0.368 

J 
43 11.367 0.366 0.365 0.364 0:361 0.362 0.361 0.361 o.JS9 o.JS8 
44 0.357 0.356 0.355 0.354 0.353 0.352 0.351 O.l5l 0.349 0.348 
45 0.347 0.346 0.345 0.344 0.343 0.342 0.341 0.341 D.339 0.338 
46 D.337 0.336 0.335 0.334 O.ID 11.332 0.331 0.331 O.IlO 0.3:19 

J 
47 0.328 0.327 0.3~ 0.325 0.324 0.323 0.322 0.321 0.320 0.320 
411 0.319 0.318 0.317 0.3\6 0.315 0.314 0.313 0.312 0.311 0.310 
49 0.3\0 0.309 O.D 0.307 0.306 0.30S 0.304 0.3ID o.m o.:m 
SO 0.301 0.300 0.299 0.2!IlI 0.297 0.297 0.296 O.2!lS IU!I4 0.293 

i 51 0.292 0.291 D.290 D.290 0.2119 0.288 1I.2lI7 0.- OS 0.2115 

J 52 0.284 0.283 0.282 0.281 0.2lIU 0.280 11.279 0.271 0,.277 0,.277 

53 0.276 0.275 0.274 D.273 8.m 11.271 0.271 o.m l1.2li9 0.268 
54 0.267 0.267 0.266 0.265 0.264 0.263 0.26Z G.26Z 0.261 0.260 

I 
55 0.260 0.259 D.2S8 0.257 8.256 U.l.SS 0.255 0.2S4 0.253 0.252 
56 0.252 0.251 0.250 0.249 0.249 0.248 0.247 D.2a 0.246 D.24S 
57 0.244 0.243 0.242 0.242 0.241 0.240 0.239 0.239 0238 0237 
58 0.236 0.236 0.235 0.234 0.233 0.233 11.232 0.231 0.230 U30 

I 
59 0.229 0.228 0.228 0.227 0.226 0.225 0.224 0.224 D.223 o.m 
60 0.222 D.221 0.220 0.219 0.219 0.218 0.211 0.21. D.216 D.21S 
61 0.214 0.214 0213 0.212 0211 0.211 0.210 O:lllt CUIJI) Il.3I8 
62 0.207 0.207 0.206 0.205 0.205 0.204 0.2ID O.lllll. o.JIIZ D.lD1 
63 D.201 D.200 G.l99 0.1911 0.1911 0.197 0.196 0.1115 0.195 8.194 

J 64 0.194 o.t93 0.192 G.l92 0.191 0.190 G.l89 0.1. 0.111B U81 
65 0.187 0.186 0.18S 0.185 0.184 0.183 0.183 O.IIZ USI 8.181 
66 0.180 0.179 0.179 0.178 0.177 0.177 o.t78 0 •• 78 0.175 G.l74 
67 0.174 D.I13 U72 0.112 0.171 0.110 o.rlU 0. .. IU68 0.168 

I 68 U61 0.167 0.166 0.1611 0.164 0.164 0.163 'U.s 0.161 0.161 
69 0.161 O.lton 0.160 0.159 0.158 0.158 0.157 0.1$ 0.156 USS 
10 0.155 0.154 0.154 0.153 0.152 0.152 USI O.UI 0.00 U49 
71 0.149 0.1411 0.147 0.147 0.146 0.145 0.145 0.1'" 0.144 o.J43 

I n D.I43 0.142 0.141 0.141 0.1«1 0.140 0.139 Ull 0.1311 U37 
73 0.136 0.136 0.135 0.135 0.134 0.134 0.133 o.m 0.132 0.01 
74 0.01 0.00 0.129 8.129 0.128 0.128 0.127 O.ut 0.126 0.125 
75 0.125 0.124 0.124 0.123 0.123 o.J22 0.121 0.121 11.120 0.120 

~ 78 0.119 0.119 0.118 0.117 0.117 0.116 o.U6 O.US o.U4 0.114 

i 77 UO 0.113 0,.112 UI2 0.111 0.111 0.110 D._ 0.1119 II.IM 
78 O.IM 0.107 0.107 0.106 0.106 O.lOS 0.104 D.lCII 0.103 0.103 
79 0.102 0.102 0.101 0.101 0.100 0.100 0.099 0.1IIt II.IJ1111 0.897 , III 0.897 0.096 0.096 0.095 0.095 0._ 0.094 OJI!IIJ 0.1I!I'l 0.1I!I'l 

i 81 0.091 0.091 O.lI'JO O.lI'JO 0.089 0.089 D.'" D •• 0.087 0JI87 
82 0.0116 0.0116 0.085 0.084 0.O!M 0.0113 0.0113 0._ OJIIZ 0 •• 1 
83 0.081 D.IIIII 0.II1II 0.079 0.079 0.078 0.078 0.1Il7 0.077 0.1176 

1 84 0.1176 0.075 0.075 0.074 0.074 0.073 OJJ73 o.m D.072 0.071 
as 0.071 11.0711 0.0711 0.069 0.069 0Jl68 0.0IIII 0.0117 G.066 0.066 
86 0.065 0.065 0.064 0.064 0.063 0.063 11.062 0.061 o.D6l 0.061 
87 0.060 0.060 0.059 0.059 0.058 0.058 1L057 0.057 0JlS6 0.056 

1 88 0.055 0.055 0.054 0.054 0.053 0.053 0.052 0.052 0.052 0.051 
89 0.051 0.050 0.050 0._ 0.049 0.048 U.lMI 0.047 0.017 9.1146 
90 0.1146 0.045 O.OIS 0.044 0.044 0.013 0.00 0.00 0.042 0.041 
91 U.1I41 U.04O 0.040 0.039 0.039 0.038 0.038 0.9 0.037 0.037 
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T Q,Q 0,1 Q,2 Q,3 0.4 0,; 0,6 0,7 0,8 0,9 

92 0,036 0,036 0,035 0,035 0,034 0,034 U,033 0,033 0.U32 0,032 
93 0,031 0,031 0,030 0,030 0,030 0,029 0,029 0,028 0,028 0,027 
94 0,027 0.026 0,026 0,025 0,025 0,005 0.004 0,024 0,023 0,023 
95 0,002 0,022 0.021 0,001 0,020 0,020 0,020 0,019 0.019 oms 
96 0,018 0,01" 0,017 0,016 0,016 0,015 0,015 0,015 0,014 0.014 

, 
97 0,013 0,013 0,012 0.012 Q,Oll O,Oll 0,010 O,OlU 0,010 0,009 I 
98 0,009 0,008 0.008 0.007 0,007 0,007 0,006 0,006 0,005 0,005 
99 0,004 0,004 0.003 0,003 0.002 0,002 U.OO2 0,001 0.001 0.001 , 

i 

I 
, 
I 
, 
I 
I 
I 
I 
p 

• 
I 

• 
L 

t 
i 

~ , 
40 

",\\ 1 



I 
1 

I 
I 
I 
I 
1 
J 

I 
I , 
j 

, 
J 

j 

J 

1 

3 

4 

5 

5.1 

S.2 

S.3 

S.4 
5.S 

5.6 

S.7 

5.8 

S.IO 

5.11 

• 
6.1 

6.2 

6.3 

6.4 

2.121 Det&i iIIlnation of solidification point of watal'-insoluble 
fatty acids (titre) 

Scope 
This Standard describes a method forthe preparation of the water-insoluble fatty adds of oils 
and fats. and for the deJennination of dteir soIidific:ation point (titre). 

Field of appIeatioD , 
This Standard is apptic:abJe to animal and Wlaetable oils and fau wboK water:·iMoIubIe fatty 
acids bave a soIidifieation point of 3O'C or above. 

DefiaitioD 
The soUdijiaItioII point of 1M fmty lICiIb is the temperalUTe deteulliDed by the method 
desaibed as the maximum of a tempouuJ.iemperalUTe rise during the cooIin& of the melted 
fatty acids. If the lateut beat is not sufficitot to c:ause a rise in ~, the temporary 
inlerruplion of the cooJio& proc:ess is amsidered as the solidification point. 

Principle 
Saponification of the oil or fat by 811 eth..,Jic potassium bydroxide soilltion. After removal 
of ethanol. dissolution of the soap in water and deaImposition of Ibis by suJphuric acid. 
Wasbin& separated fatty adds with .... sodium cbIoride aoIution, dr:YinI and 1iItraIion. 
Determination of the IJi&hest temperalUTe during the temporary rise. or the iDte:rrupIioo of 
the cooIin& process. when the melted fatty adds are cooled. 

Apparatus 
SIlO- and lOOO-ml round-bottomed 1Iasb. 
Rellux condenser to fit the IIasb (S.I). 
100- and lOOO-m1 beakers. 
10lJ0-mi separatin& funnel. 
Glass test tube. 12O:tS mm in Jen&tb, 27.S:tO.5 DIII1 inte:maI diametac. 2.5:t0.5 IIIlll wall 
tbidmess. This test tube carries a mart atSS mm from the bouom. 
6OO-mI beiiker, squat form (12S ll1lI1 in hei&flt, 91 mm external !Iiametcr). This beatenhollid 
be weighted (e ••• with lead shot) to teep it ste:ady0ll the bottom of the water batb (5.7). 
Water: bath, IllBintained 20-2S"C below .... expected st>Ijdw.;;ation point. 
Thermometer:. aa:urate:1y calibrated, ....... ·ted in O.rc. with a scale wveriaa aD or part ot 
the lIllIJC from 30 to 7O"C. accordiD& to tile sample to be tested. 
Flat circular oort. bavine a central bole j_ bi& tIIIOIJ8b to support the test tube (5.S) and able 
to fit on !be beakac (5.6). 
Support to wbidl the tbennometer: (5.8) CID be Imp ""cd so that it banp in !be """mot the 
test tube (S.5). 
BoiI.in& dtipI. ...... 
SodiI!m sulpbate. anbydrous. 
POtassilllll hydroxide. etbaDoJic solution. Dissolve: 18 II potftMium hydroxide in about 20 mt 
distilled water. and dilute with ISO mI ofts per cent (V N) etbanoI. 
Sulphll1ic acid. aqueous solution. Add I volume of sulphuric acid (p = 1.84 IIm1) to 4 
vOJlIllles of distilled water. 
Sodium chloride, 100 III aqueous solution.. 
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7 Preparation of tile sample , 
Use about 100 g of the fat, and put it in an oven maintained at about 20"C above its melting I 
point, until totally melted. . 

8 

8.1 

8.2 

Procedure 
, 

Preparation of the water-insoluble fatty adds .. 
Weigh about 50 lof the prepared sample into a 500-mlllask.(5.1). Add all tl;te ethanolic I 
potassium hydroDde solution (6.2) and some boiling chips (5.11). Fit the reflux condenser 
(5.2). Bring gently to the boil with occasional shaking. Maintain a gentle ebullition during 1 I 
hour. Distil off most of the ethanol (about 125 ml); take care that the soap does not become 
dry. Add about 250ml of boiling water and mix to dissolve the soap. Transfer the soap 
solution into a l000-ml beaker (5.3), add 500 ml of boiling water, and bdH for 45 minutes in I 
order to remove lite remainder of the ethanol. Make up the contents to about 700 ml with 
water. 
Pour the soap solution into a 100000ml flask (5.1) and add carefully 70 ml of the .aqueous 
sulphuric acid solution (6.3). Fit the reflux condenser (5.2) and heat to boiling. Continue I 
boiling until the free fatty acids float to the surface in a clear layer. . . 
Transfer the COIlleDIS to a separating funnel (5.4) and draw off the aqueous layer as J 
completely as possible. . 
Wash the fatty acids twice, each time using about 500 mI of aqueQIIS sodium chloride solution 
(6.4f~er each washing draw off the aqueous layer as-completely as possible.· . . . 
Transfer the fatiyacids to a lOO-ml beaker (5.3). Add a small qlWltityof anhydrous sodium I 
sulphate (6.1), stir, and filter through a dry filter paper. 
Let the insoluble fatty acids crystallize in a desiccator for about 24 hours. .. 

I DeterminatioDof the solidification point ofthe water-iqsoluble fatty acids 
PoUf tbe fatty acids obtained accordmg to 8.1 and melled at a temperature of 25"C above the I 
expected solidification point into a test tube (5.5) up t<,> the 55-mm mark. 
Support the tube (5.5) in the cork (5.9) so that a length of about 3 em projects above it, rest 
tbe cork laying OIl the rim of a beaker (5.6) and place this in a water bath (5.7), so that the I 
water level is 10 IBJI1 above tbe 55-mm mark of the lUbe. Suspend the thermometer (5.8) in 
the centre of the IBbe so that the base of the bulb is 1 em from the bottom of the tube. 
The Illercut)' coJ.Qn falls rapidly at first, and then more slowly. Simultaneously, the fatty 
acids crystallize, fust al the bottom of the tube, and then gradually covering the base of the I 
thermometer bulb. . 
When the me~ 001"·· .I'fOiII"I- be ~.~_~ made at 
5-second inlelVall"tlir IH· _ .. wttb a rapW,<JircuJ. _t of the thermometer f: 
three timeSlo 1M Ylh AlII' 1I1f .. " lI_ilMMit,4IIwlronk

; •• lIP the crystals fo~ed. I 
Replace the theaMs II 'mm 7 f 2 'J .d ........ ~ Mfbe wa..1tc {jIrdter readi .. " 

. The mercury col_n, which faUs sharply during the agitation, now rises again and attains a . 
maximum or remains steady, before falling again. This maximum or standstill is the ~ 
solidification point. 
Carry out fWO determinatinns on the same prepared sample. 

42 

+J 'which is hot enough to maintain the fatty acids 

in a liquid state'. 



I 
r 

I 
I 
I 
I 
I 
1 

I 
1 
I 
1 
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, Expression orresults 

JI 

-. 

Take as the result the arithmetic mean of the two determinations. if the leqlliJemalls of 
-repeatability are salislied. I( the difference is greater, repeat the determination until two 

results differing by nOI mo~ than O.2"C are obtained. 

Repeatability 
The difference between the results of duplicate determinations carried out siImdtaneousIy or 
in rapid succession by the same analyst should not exceed O.2"C. 
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2.201 Determination of the acid value (A. V., and the acidity 

Scope 
This Standard describes two methods for the determination of the free fatty acid content of 
animal)\:egetable oils and fats. This can be expressed as an acid value, or as acidity. 

'. '\ 
Field of application· 
This Standard is applicable to animal and vegetable oils and fats. It is not applicable to waxes. 

Definitions 
The acid value (A. V.) is the number of mg of potassium hydroxide required to neutralize the 
free fatty acids in 1 g of the fat. 
The acidity is a conventional expression ofthe percentage offree fatty acids. According to the 
nature of the fat it can be expressed as in Table 2.201. 1. 

Table 2.201.1 

Nature of fat Expressed as Molecular weight 

Coconut. palm kernel and similar oils Lauric acid 200 
Palm oil Palmitic acid 256 
AU other oils Oleic acid 282 

When the result is reporled as 'acidity', but not further defined, then conventionally the 
acidity is always expressed as oleic acid. 
U the sample contains mineral acids, by convention they are calculated as fatty acids. 

Acid value-indicator method ,,' 

Principle 
Solution of a known quantity of the fat to be analysed in a mixture of ethanol and diethyl 
ether, followed by titration of the free fatty acids present with an ethanoUc solution of 
potassium hydroxide. 

Apparatus 
2SO·ml conical tlask. 
25-m! burette, graduated in 0.1 ml. 

Reagents 
Solvent mixture 11 1 (V/V) of 95 per cent (l/ /V) ethamKanddiethy.lethef'iNeutralize exactly, 
just before use, by means of the pota~.,t I 'j o' .'!lli 0 ".3 2) il"'_ pre •• ", .... f, 
0 .. 3 ml of phenolphthalein solution (4.3.3) per 100 ml oftbe mixture (note 1). 
Potassium hydroxide, 0.1 N, or if necessary 0.5 N, solution in ethanol, accurately 

standardized. 
The exact concentration should be kno.wn, and checked immediately before use, Use a 
solution prepared at least 5 days previously arvi decanted into a bottle of brown glass, 
provided with a rubber stopper. The solution should be colourless or straw yellow (nole 2). 
Phenolphthalein, 10 gIl solution in 95 per cent (V/V) ethanol. 
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Procedure 
Prepare-thesampJeacoordingto2.00I, 'Preparalionofthesample'.DeeoamiDesizeofsampie 
according 10 the following table: 

> 

«I 20 
1-4 10 
4-15 2., 

15-7S u.s 
> 75 0.1 

G.es 
0.02 
0.01 
0.001 
0.0002 

Weigh the test portion into a 00IIicaI flask (4.2.1). Dissolve it in about ISOmi of the solvent 
mixture (4.3.1), Titrate, with shaking, with the solution ofpotasium h)dioaide (4.3.2) to the 
end point of the indicator (pink colour of phenolphthalein penistiD& ... at least: 10-.ls) 

(nolll3, - 4). 
H the quantity of 0.1 "potassium hydroxide solution required exceeds 20m!, a O.S N solution 
should be used (note 5). 

4..5 Expression of results 
Tbe acid va1ue (A. V.) is given by the fomtula: 

AV =S6.1xTxV --I. 

• • 1ft "-'Illro t".-.. 
where VisthenumberOfmloftheatandardized~dution(4.l.2)used(_6). Tis 
the exact OomtaJity of the standardized potaAium hydroxide solution (4.3.2). 1ft is !be .-. 
in g, of the test portioo. 

5 Add Yalue po&c .......... rie .... '. 

S.l Foreword 
This method sbouId be employed imtead of Method 4 ... the detel"'i,,4 •• of free acidity in 

highly coloured oils atId fats. 

S.2 Principle 
Tbe free fatty acids are titrated potentiometrically in a ~ maliWIl wkh. solution 
of potassium bychoDle in Lfopropaao1. 

S.3 Apparatus 
5.3.1 . lSO-mi tall form beakers, 
5.3.2 l000-m1 volumetric lIasb. 
5.3.3 2S-m1 burette. graduated in 0.1 101. 

5.3.4 pH meier equipped wkh JIass and c:aIomeI electrodes (-7). 
Contact between the saturated potaSSium chloride solution and the _ solution is made 

across a sintered JIass or porcelain disc, at least 0.3 em thick. 
S.3.5 Stirrer, preferably magoeticstirrer. 
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5,4 Reagents 
5.4.1 2-Propanol (ISopropanol), analytical reagent quality. 
5.4.2 Methylisobutylketone, analytical reagent quality, neUlralized immediately before use 

by !he lSopropanolic potassium hydroxide solution (5.4.4) to a faint pink colour with 
phenolphthalein indicator. 

5.4.3 Benzoic acid, acidimetric standard quality. 
5.4.4 Potassium hydroxide, 0.1 N solution in 2-propanol (S.4.1), accurately standardized. Dissolve 

7 II of potassium hydroxide pellets in 1000 ml of2-propanol (5.4.1). 
5.4.5 Potassium hydroxide. 0.5 N solution in 2-propanol. accurately standardized. Dissolve 35 g of 

potassium hydroxide pellets in 1000 ml of2-propanol (5.4.1). 
Standardize the solutions as follows: weigh accurately to within 0.0002 g about 0.15 g 
(for !he 0.1 N solution) or 0.75 g (for the 0:5 Nsolution) ofthe standard benzoic acid (5.4.3). 
Transfer into a beaker (5.3.1) and dissolve in 50 mlof methylisobutylketone (5.4.2). 
Insert tbe electrodes of the pH meter (5.3.4), start the stirrer (5.3.5) and titrate with the 
potassium hydroxide solution (5.4)1 or 5.4.5) to the equivalence point (note 8). 

, lOOOxmu 
Normahty = 122.1 XII" 

where a. is the number of ml of the potassium hydroxide solution (5.4.4 or 5.4.5) used, rn. is 
the mass, in g, of benzoic acid taken. 

5.5 Procedure 
Prepare !he sample according to 2.001, 'Preparatioo of the sampkl!, 
Weigh to within 0.0185 to 10 g of prepared fat into a beaker (5.3.1). Dissolve in 50 ml of 
methylisobutylketone (5.4.2). 
Insert the eleclrodes of the pH meter (5.3.4) and start !he sti~.3.5). Tilrate with !he 
potassium hydroxide solution (5.4.4 or 5.4.5) 0.1 or 0.5 N (according to the acidity of the 
sample) to the equivalence point (note 8). 

5.6 Expression of results 
The acid value (A. V.) is given by the formula: 

I 

I 
I 
1 

f 

I 

f 

f 

I 
I 
I 

A.V. = 56.1:TXN I 

6 

6.1 

where V is !he number of ml of the standardized isopropanolic potassium hydroxide solution 
(5.4.4 or 5.4.5) used, T is the exact normality of the standardized isopropanolic potassium I 
hydroxide wluti0n ~.:4·or ~4.5) used, III is lM .. _,'Ifi g,of the testfMili81i," 

Acidity 

Pri!lciple 
The acidity is calculated from !he results obtained in the determination of the acid value by 
the indicator method or the potentiometric method. 
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Expression of results 
The acidity, in per cent, is given by the form.: 

TxVxM 
10m ,~t.t,.;..tiWt$ 

where V is the number~ standardized elHnolic(4.3.2) or Nopiopaoulic (5.4.4 or 5.4.5) 
potassium bydroxide solution used. T i1 the exact normality of the staIldardimd ethuotic: 
(4.3.2) or isopropanolic (5.4.4 or 5.4.5) potassium bydroxide solution used, M is the 
moleadar weight adopted (200, 2S6 or 282 aa:ordi1Ii to the Table in 3).111 is the DIllS$, in ,. of 
the tat portion. 

Notes 
I In the solvent mixture diethytetber may be subsUcuted by toluene. 
2 . Amble colourless solution of potassi_ hydroxide can be prepared in tile foIIowinc 
manner: reftwl 1000 ml of eibaooI with 8 I of pobIIIIium hydroxide aad 5 I of aluminium 
pellets for 1 bour. then distil immediately. Dissolve the required 8JIlOUIIt of poIaSIiium 
bydroaide in the distillate. ABow the whole 10 stand fur several days aad deaIIt the dear 
superoatantliquid from the deposited poWSium carbonate. 
The solution can also be pn:pared witbout distillation in the foIIowio& maft!!t:r: add 4 ml of 
alUJOiaium butylate to 1000 mI ethanol and dow the mixture 10 SIlIDd fur several days. 
Deamt the superoaI8DI liquid and dissolve therein the nee iy 8JIlOUIIt of .,....... ... 
hydroxide. TIIis solution is ready fur use. 
3 In the cascof very low add value « 1) it is useful to blow a low _ of Mil ...... mto the 

soIutioo to be titrated. 
" The ethanolicstandardized potassium hydroxide solution (4.3.2) C8Il be substilvted by 811 

aqUIUB soIutioo when the add value is low. 
S If tile solution becomes cloudy durioJ the titration, add a f'urtheI' quantity of the soa
mixture (4.3.1). 
6 The normality of the ethaootie staodan:IiKd potassium byckollide soIutioo ftries with the 

tempemure and it may be osefuI to 0Dr1'IICt • follows: 

V .. V,U-6.0U(t-r.)] 

where V, is the volume at the temperature f, I is the temperature, in 'C, at wbic:h the 
detenaioation is made. r. is tile temperatJft. in 'C, al wIIidI the ethanotic: pM . um 
bydroxide solution bas beeu staodardiu;d. 

7 IlisadvisabielOstorethe.-cIeetrodf:.wateror.bettentill.ia~ 

for 12 boun pnudin& the titration. Dry it Yi:Iy FDtli with a piece of filter paper before _. 
Immediately after the titration, rinse it with methyliIIobutylk_. thea with 2-propmul, 
and IiaaIIy with distilled water. 
If the e1ectroi1e does DOt fuoetioo satisfartoriIy. it may be poaible to repmerate it by 
!mmersioo for 24 hours in a 1 N solution of hydrochloric: add in 2-pn:lp11R01. After this 
tTeallWllt the elec.1Jode should be washed with di5IiIIed water, then with2-propalllOl aad with 
methylisobutylketooe. 
A rhiclt 5iolered &lass or pon:elain disc betweearhe saturated potassium ddoride solution aad 
the tat solution prevents diffusion currents aad parasitic potentials. 
8 Equivalena poiltl/injfaion point. The equivalence point usually concspoads appiOlD

mately to rhe reading 10 on the pH scale, and an be determined gnpbicaIIy by observio& the 
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Statistical evaluation of resullS of study carried oul in 1989. 

Palm oil Palm oil ., refined crude 
Fi,h oil 

i crude 
I 

Number of laboratories 5 5 5 
Number 01 mullS 10 7 10 
Number of labontorle$ retained after deletion of outliers 5 5 5 
Number of accepted results 10 7 10 i 
M .... value (% oleic acid) 1.12 11.5 10.4 

Repeatability standard deviation· 0.008 0.03 
Repeatability relative standan:1 deviation (0/0) 0.79 0.21 
Reproducibility standard deviation· 0.066 6.17 

0.09 I 0.84 
0.30 

Reproducibillty relative standard ..t,eviation (%) 5.9 1.5 

R_.-.y(r)* 0.03 I.II!> 
Reprodudblll1y (R)* 0.19 1.49 

2.9 

•• 25 I 0.85 

... Expressed as the percentage of oleic acid; acid value .. 2 x acidity. 
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inflexion point on !he neutralization curve. Alternatively, it am be CIIIc"1a!ed as the fi&ure for 
whidl the lim differential of !he variation of pH as a function of the amount of isopropauolic 
potassium bydroxide solution added reaches a maximum, or !he value for whicb the sec:ood 
differential becomes zero, , 
N.B. It is DOl possible 10 determine !he inIIexioo point in !he case of crude cottonseed oils rich 
in gossypol. 
In this case !he inftexion point may be taken arbitrarily as the pH couespoiiding 10 !he 
equivalenee point wben oleic acid is neutralized by potassium hydroxide in !he same solvenr 
as that used for !he titration. 
Dissolve about 0.2112 g of oleic acid in 50 mI of melhylisohutylketone (5.4.2). Construct !he 
curve for neutralization of !he oleic acid by !he poIaSSium hydroxide solution (5.4.4 or S.4.S) 

to be used. Read off on the curve !he pH of !he inftexion point (~theoreticaUy!he 
addition of 10 mI of a 0.1 N solution of PQtassiwv hydroxide). 
Apply this figure to the neutralization curve of !he cottonseed oil to dedua: the amount of 
potassium hydroxide solution required 10 'neutralize'!he cottonseed oU. 

n 
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2.202 Determination of the saponification value (S. V., 

I 

I 

&o~ " 
I. 

This Standard describes two methods mr the determination of the saponification value of I 
animal and vegetable oils and fats. The indicator method should be preferentially chosen to 
the potentiometric method when it is applicable. 

Field or applicatioo 
This Standard is applicable to animal and vegetable oils and fats. It is not applicable to waxes. 

Definition 
I 

The saponification value (S.Y.) is tbe number of mg of potassium hydroxide required to I 
saponify I g offat. i 

Indicator method 

Principle 
Boiling of tbe sample under rellux condenser with ethanolic potassium hydroxide solution, i 

and titration of the excess poiassium hydroxide with hydrochloric acid in the presence of an I 
indicator. 

Apparatus 
25().ml round·bottomed flasks, or conicaillasks, made of alkali-resistant glass. 

I 
1-m reftux tubes, or 30 em minimum in length reflux condensers, to lit tbe round-bottomed I" 

flasks or conical flasks (4.2.1). 
25-ml volumetric pipette. 
5().ml burette, graduated in 0.1 ml. 
Boiling chips. 
Heating device (water bath, electric boI-plate or other suitable device). 

Reagents 
Potassium hydroxide, approximately 05 .. solution in 9S per cent (V N) ethanol. 

I 

I 
Use a solution prepared at least 5 days previously and decanted into a bottle of brown glass, • 
provided with a rubber stopper. The solution should be colourless or straw yenow (note 1). I 
Hydrochloric acid, 0,5 N aqueous solutioo, accurately standardized. 
Phenolphthalein, 10 gil solution in 95 percent (V{V) ethanoL t 

Procedure i 
Prepare the sample according to 2.00 I, 'Preparation of the sample'. 
Into the round-bottomed or conical flasl (4.2.1) weigl! to the nearest O.OOS g about 2 g ofthe I 
prepared sample. With the pipette (4.2.3) add 2S ml of the ethanolic potassium hydroxide 
solution (4.3.1) and some boiling chips(4.2.5). Fit a ......... I,\IU"IIrI\1i!fQP .. 1W (4.2.2), , 
Boil gently with occasional shaking. 
After 60 minutes, stop heating. Add ID the hot solution 0.5 to 1.0 ml of phenolphthalein 
(4.3.3) and titrate with the hydrochloric acid solution (4.3.2) until the colour of the indicator 
Changes. 
Carry out two determinations with the 5IIIIe prepared sample. 
Carry out a blank test in the same way. 
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4.S Expression of results 
The saponification value (s. v.) is given by the formula: 

S.V. _ 56.IxTx(V.xV.) 
m 

where V. is the number of mI of the staDdardized hydrodIIoric acid solutioa (4.3.2) used for 
the blank tllSt, V, is the number of mI of the sIlmdanIized hydrodIIoric acid solutioa (4.3.2) 
used for the test with the fat, T is the exact normality of the stancIartIizrlc hydrodIIoric acid 
solution (4.3.2) used, In is the mass, in g, of the test portion. 
Tate as the result the arithmetic mean of the two delenninatioos, provided that the require
ment of repeatability 4.6 is satisfied. 

4.() Repeatability 
The difference between the results of two determinations carried out simultaDeously or in 
rapid suo:ession by the same analyst should not exceed O.S per c:ent of the mean value. 

5 Potentiometer method 

5.1 Foreword 
This method should be employed instead of method 4 for the detenaination of the 
saponification value of high.Iy coloured oils and fats. 

5.2 Principle 
Reftux boiling of the sample with an ilopropanolic potassiUlll hydlOlOde soIutioa and 
potentiometric titnltion of the excessofpotassium hydroDde acidina~medi_. 

5.3 Apparatus • 
5.3.1 lOO-mlllasts with ground joints, made of aIkali-resistaot ... . 
5.3.2 1-m reftux tubes. or 30 em minimum in IoIIgthreftuxaJllllen ........ b)fittheflasb(S.3.1). 
5.3.3 lSO-mI taU form beaten;. 
5.3.4 ICJOO.mI volumetric 1Iasks. 
5.3.5 25-mI volumetric pipette. 
5.3.6 SO-mI burette. graduated in 0.1 mi. 
5.3.7 pHmeterequippedwith"'andc;alomele1ectrodes(ItO,d).CoatactbetW!!8thesaturated 

potassium chloride soIuliOn and the test solution is made III:I'OIIS a siutered'" or pon:dain 
disc at least 0.3 em thidt. 

5.3.8 Stirrer. pefetably a mapetic stirrer. 
5.3.9 BoiIingdJips. 

5.4 Reagents 
H.I 2-PiopanoI (iroplopanol), analytical reagent quality. 
5.4.2 Ethanediol. analytical reagent quality. 
5.4.3 Acetic acid, analytical reagent quality. 
5.4.4 Sodium carbonate, analytical reagent quality. 
5.4.5 Potassium hydroxide, approximately 0.5 N solution in 2-propano1 (5.4.1): dissolve 3S I of 

potassium hydroxide peUets in 1000 mI of2-propanol (5.4.1). 
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5.4.6 Hydrochloric acid. 0.5 N accurately standardized solution in 2-propanol (SA. I). 
Pour 42 ml of hydrochloric acid (p = 1.18) into a volumetric flask (5.3.4) and make up to tilt 
mark with 2-propallOl (5.4.1). 
Standardization of the solution: e.g. weigh accurately to within 0.0002 g aoout 0.35 g 01 

sodium carbonate (5:'4.4). which has been previously calcined to constant weight at 270-

3()()oC. Transfer toa beaker (5.3.3). Add gradually and cautiously a slight excess of acetic acid 
(5.43) to decompose the sodiwn carbonate completely. When the evolution of carbon 
dioxide has ceased. add sufficient distillated water to dissolve the sodium acetate formed and 
evaporate the solution to dryness on a water bath. Dissolve tbe residue in 20 ml of2-propanol 
(.5.4.1). Add 20 ml of ethanediol (5.4.2). Titrate by whichever of the two methods described 
below is preferred: 
1 Insert the electrodes ofthe pH meter (5.3.7) and start the stirrer (5.3.8). 
Tritate with the isopropanolic solution of hydrochloric acid (5.4.6) to the equivalent point 
(nold). 
2 Add 2 drops of a 10 gil solution of thymol blue in 2-propanol (5.4.1) and titrate with the 
isopropanolic solution of hydrochloric acid (5.4.6) until the colour changes from yellow to 
pink. 

N Ii 
_ IOOOxm" 

orma ty - 53 
XQu 

where a" is the nwnber of ml of the isopropanolic solution ofbydrocbloric acid (5.4.6) used, 
m" is the mass, in g, of sodium catbonate taken. 

5.5 Procedure 
Prepare the sample according to 2.001. 
Into a ground-necked ftask (5.3.1) weigh to within 0.002 g about 2 g ofthe prepared fat. Add 
with the pipette (5.3.5) 25 ml of the isopropanolic potassium hydroxide solution (5.4.S). Fit 
the tube or the condenser (5.3.2) and boil gently. with occasional shaking, until the solution 
become homogeneous. 
Stop heating after (j() minutes. In order to avoid solidification of the saponified solution. 
transfer it quantitatively, while still warm, into a beaker (5.3.3) with the aid of three lO-ml 
portions of ethanediol (5.4.2). Finish rinsing with 5-ml of2-propanol (5.4.1). 
Insert the electrodes of the pH meter (5.3.7) and start the stirrer (5.3.8). Titrate with the 
isopropanolic hydrochloric acid solution (5.4.6) to tbe equivaleorepoint of the neutralization 
curve (note 3). 
Carry out two determinations on the same preplIT'I!lhatllple. 
Carry out a blank test in the same way. 

5.6 Expressionofresults 
The saponification value (S. V.) is given by the formula: 

S.V. = 56.lxTx(V,,-V,) 
m 

where V" is the number of ml of the standardized isopropanolic hydrochloric acid solution 
(5.4.6) used for the blank test, V, is the number of ml of !he standardized isopropanolic 
hydrochloric acid solution (5.4.6) used for the test with the fat. Tis the exact normality of the 
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isopropanolie hydroc:bloric: acid SOlutiOll (S.4.6) used, m is the mass, in g, of the test portion. 
Take as the result the arithmetic: mean of the two determinalions. pnMded that the requiR
ment ofrepeatability S.7 is satisfied. 

5.1 Repeatability 
The diffenmee between ~ results of two determinations carried out simuItaDeousIy or in 
rapid sueeession by the same analyst should not exeeed 0.5 per cent of the mean value. 

(, Test report 
The test report should sbow the method used. 

7 Notes 
1 A stable eoIuurIess solution of potasSium bydroxide can be piepared in the foIIowin& 
manner: reftUl( 1000 mI of ethanol witb 8 g of potassium hydroxide and S g of aIwninium 

'.: " pellets for 1 hour, then distil immediately. Dissolve tbe required amount of potassium 

hydroxide in tbe distillate Allow the whole to stand for several days and deeant !be dear 
supernatant liquid from !be deposit potassium c::arboaate. 
The solutiOll can also be prepared without distillation in !be following manner: MId 4 mI of 
aluminium butylate to 1000 mI etbanol and a1Iow !be miIture to stand for several days. 
Decant the supernatant liquid and dissolve therein !be nec:essary amount of potaAium 

hydroxide. The solution is ready for use. 
1 It is advisable to store !be glass eleetrode in _ter or, betterstiU. in. 611 (V M mixture of 
etbanediol (S.4.2) and 2-propano1 (S.4.1) for 12 bour$ P\"""eding the titration. Dry it very 
gently witb a pieee of filter paper before IISC. Immedialely after the titration, rime with 
etbanediol, tben witb 2-propanol, and finaIJy witb distilled _er. 
II !be elec:rrode does not func:ti0ll satisfactorily. it may be possible to repuerate it by 
immersion for 24 bour$ in a 1 1'1 solution of b~ acid in 2-propmo1. Aller this 
treatment the elec:rrode should be ~ witb distilled _ter. !ben with 2-propa1101 and with 
a 611 (VN) miIture of etbanediol and 2-propmo1. 
A thick sintered glass orpon:elain disc: between !be saturated pntaaium c:IIIoride solution IIId 
tbe test solution prevents diffusion currents and paruitic potentials. 
3 Equivlllm« pointlin/ft'.xion point. The equivalence point usually _Iesp •• appmlIi
mately to tbe reading 10011 the pH sc:ale. andcaabedeterminedgrapbically byoturrina!be 
inftellion point on the neutralization curve. Alternatively. it ean be ealall.ted _ the fIpre lor 
wbiclt the first differential of the variation of pH as a func:tiOII of !be amount of .... ........,.ic 
hydrocbJorie acid solution added reaches a muimum, or the value lor which !be second 
differential beeomes zero. 
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2.203 Determination of the eater value (E.V.) 

Scope 
This Standard describes a metbod for the characterization of esters in oils and fats. 

2 Field of applicatiOl\ 
This Standard is applicable to the animal and vegetable oils and fats. It is not applicable to 
waxes. 

J Definition 
The ester value (E. V.) is tbe number of mg of potassium hydroxide required to saponify the 
esters contained in 1 g of the fat. 

4 Procedure 
For tbe falto be analysed, determination ofthe acid value (A. V.) according to 2.201 and the 
saponification value (S. V.) according to 2.202. 

5 Expression of results 
The ester value (E. V.) is given by the formula: 

E.V. = S.V.-A.V. 

B 

IIOml 
IOOml 

8%0.5 
into dia. 

3~!!5 I jjlBO:l:5 
411 

dia':r: I 701:5 

20t~ 

FIg. 2.204.1. Distillation apparatus (d~~ i~ mill""""es). 
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2.423 Determination of phosphorus by direct graphite 
furnace atomic absorption spectrometry 

1 Scope and field of application 
This Standard describes a method for the determination of trace amounts (mgllcg) of 
phosphorus in all types of "rude or refined edible oils and fats. 

1 Principle 
Vaporization of the oil or fat in a suitable graphite furnace with or without a platform 
connected to an atomic absorption spectrometer, previously calibrated using standard 
solutions of soya lecithin, and the measurement of the phosphorus content from the 
observed absorption at a wavelength of 213.5 nm. 

3 Apparatus 
3.1 Test tubes. 10 ml. 
3.2 Micropipettor, 20 pI. 
3.3 Pipettor tips. 
3.4 Electric oven, regulated at 60 ± 2°C. 
3.5 Atomic absorption spectrometer, equipped with either 'peak height' mode and printer, 

or 'continuous' mode and pen recorder (full scale response in 0.2 seconds), together with 
the appropriate electrode-less discharge lamp (or hollow cathode lamp) and deuterium 
background corrector (or Zeeman atomic absorption spectrometer). 

3.6 Graphite furnace atomizer, placed in the atomic absorption spectrometer (3.5), equipped 
with a control unit for temperature programming. 

3.1 Graphite tube. normal (uncoated). 
3.8 Platform: pyrolytic, in combination with uncoated or pyrolytically coated graphite tube 

(note 2). 

4 Reagents 
4.1 Cyclohexane. analytical grade. 
4.2 Lanthanum organometallic standard: a suitable standard (Conostan. SOOOmgllcg) is 

available from Continental Oil Company. Ponca City. Oklahoma. USA. 
4.3 . Matrix modifier (note 1): 0.05 per cent (mN) Lanthanum solution is prepared by dis-

solving 5g of lanthanum standard (4.2) in 50ml of cyclohexaoe (4.1). 
4.4 Blank oil: refined liquid edible oil with a phosphorus content not greater than 1 mglkg 

(note 3). . 
4.5 Lecithin: a well-defined lecithin containing 2 per cent phosphorllS. e.g. 5OYtl'"'1~'" 

(note 3). 
4.6 Standard stock solutioll: a stock solution of 400 dig phosphorus/kg is prepared by dis

solving 1 g of lecithin (4.5) in 4 g of cyclohexane (4.1) and 45 g of blank oil (4.4). 
4.1 Standard working· solutions: 10, 20 and 46mll phosphoruslkg are prepared by dilooft8 

the 400 mgllcg stock solution (4.6) with blank oil (4.4). 
4.8 ArgOn. purity 99.99 per cent minimum. 

5 Procedure 

5.1 Treatment of samples, blank and standards 
5.1.1 Place all samples, blank oil and standard working solutions in the oven (3.4). regulated 

at 60 ± 2°C. 
5.1.2 Shake samples vigorously. 
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2.325 Detennlnatlon of the Individual triglwcwidn In .. Is 
and fete by high perfonnance liquid chromatog ...... y 

&ope 
This Standard describes a method for tbe separation, ideatilication aad determioatiou 
of individual triglyc:erides m edible oils and falS. This Standard is complementary 10 

method 2.323 (Determioatiou of triglyc:erides (acconting to llleir carboo number) by 
gas-liquid chromatograpby) and method 2.324 (Detennination of triglyc:erides aa:ording 
to their partition number by high performance liquid chromatapaphy). 

Field of application 
This Standard is applicable to vegetable- and animal oils ami lids whic:b contain only 
triglyc:erides of 10ng-cl1ain fatly acids (particularly of 16-22 cadIon atoms) (_1). 

PriDdple 
Separation of !be individual triglyc:erides by direct high pedormaDce liquid duvma
tograpby (reversed pbase). Identification and qnanlitation IIy .eferenoe 10 external 
standards and !be determined fatly acid composition of the s.ple. 

Apparatus 
High performance liquid chromatograph, as required for mcdIod 2.324, equipped as 
described under 2.324 paras 4.1-4.5. 

IteapDts 
CbIOJoform. suitable for HPLC. 
Acetone, suitable for HPLC. 
Acetonitrile, suitable for HPLC. 
HPLC mobile phase: prepare a mixture of acelOoitrile (S.3) .. IICICIOnc (S.2). iaitiaIIJ 
in the proportion of 25:75 (VN) (see para. 6.1 below). The mobile phase IbouJd be 
de-gassed before use-it may be recyded several IBaes withoIf efI'ea OD !be sepanIioa 
of !be trigIyc:erides. 
Solubilization solvent: acetone (5.2) aloJIC, or acetone-c:IdonJiIrm (S.2, 5.1) 1:1 (VN) 
(_2). 

RefereJICC trilfYcerides: commercial~" ...... iIir~ .. : qLlmia. 
triIiDoIenin etc. Alternatively, a vegetable oil of known tristJceride ~, '.,.g. " 
soya oil. 
RefeIence trigIyc:eride solution 5 per cent (WN): U· f OS ± om, (If eada Iri&IJ
ceride (5.6) to a 10-m1 graduated flask and mab up 110 ~ __ tlullc ...... i'M ... 
solvent (5.S). 

Optimization of working parameters 
Pump !be mobile pbase (5.4) through !be column at a flow ,. of about 1.Sml/min for 
at least 30 minutes or unlil a stable baseline is obtaiJlCd. Adjustment of !be ldative 
proportions of the solvenlS in !be mobile pbase aad the lknr rare should be made • 
required in order to achieve the desired separation of !be i_vidual triglycerides (see 
Fig. 2.325.1). 

2.325/1 
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7 Repeatability 
The difference between the results of two determinations earned out simultaneously or in 
rapid succession by the same analyst should not exceed 0.4 to I unit according to the expected 
value. , 

Warning 
Use of a fume hood is recommended. Wijs solution causes severe burns and vapours can 
cause Jung and eye damage. Carbon tetrachloride is also hazardous causing irritation, 
headaches, and nausea upon mikl exposure. 
More severe exposure can lead to liver and kidney damage. Carbon tetrachloride is a cancer 
suspect agent. 
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with the amount (expressed as a perc;e1llllF (mfm» of this ratty acid sIIowD 10 be present 
in the sample when its fatty acid oomposilion is detennined \lSi. method 2.302, 2.303 
or 2.304. For example, the baJance sheet applicable in the c:aae of oleic acid is giftn by 
the formula: , 

To = T().uI 

where: 
To is the amount, expmsed as a peramtqe (mJm), of the oleic add ia the umpIc's 
fatty acid composilion 
T().uI is the sum of the amounts, expI'used as a pen:eDtage (mlm), of the oleic add 
occurring in the sample's trigIycIerides. 
Confirmalion that all the iBdividuaI tJisIyI:erides have been jd!intjficd comc:tly is • 
dicated when the sum of the amounts (expressed as a pereentqe (mJm)) of each fatty 
acid pleseDl in the sample's trigJycerides corresponds, lapecdveIy. 10 the _ 
(expflm d as a peramtqe (mfm» of each fatty acid represented in the fatty add 
composition of the sample. 

I Quality IISSIII1IIIee 

8.1 For pnmd principks of aaaIyticIII quaily control, see the IICCIioo OR QfIIIIity AnuI_ 
in the introductory part of the C01rlpOl6mt of SliIndIud M~. 

8.2 For spedflc applialtions of analytical quIity control, see the AmIexe 10 this sIlmdaid 
method. 

Notes 
1 Triglycerides of hydrDJenated fats lire geaeraIIy not ...,., well resolved __ !be 
workia& COIIditions described. resuItiac ...,., often in broad trisl)CCiide peab. TIle 
preseDCe of hydrogenated fats in bIendIID8Y dlU$ be indicated ia the chi,- s'OJDIII by 
a more or 1_ piOIIOIIIIICCd shoulder _ the side of a ~ peat. iadic _PC !be 
ptesence of a partially superimpDled pest of another trislJCCiide. TIle -*III doa not 
alIow separalion of all the individual lIigIycerides in lauric oils (e ... coconut IIIlrd paIIIl 
kernel oils) because of the complex IIaba'e of their glyceride alillpusilioa. 
2 Usually oils and fats lire readily lIIIubie in acetone. widl the uu:pIioa of diose 
containing appreciable amounts of sahl8ted ~rides. sud! .. hi&h meItiJJs fats IIIlrd 
hydioaeuated oils IIIlrd bIeJKIs thereof. iii such c:aaes the poportioa of chIuoobm ia the 
IIIIllbiIization $O/vent (5.S) can be iJ;ca .. elllO advaiItqe. 
3 The e1utioa order of the ~can be detenninod by c:akuIetia& dIeir putitioa 
numbers or equivalent caIboa _bets (BeNs) • described ia metllod 2.324, ,.., " of 
para. 9. 
4 For eue of niterenc:e, the abbreviMioas below _ U$ed fw thole: ratty acidI !bat 

0CQJr ia the triglycerides most colDDlOllly eooounteted: 

La, lauric acid 
My. myristic acid 
P, palmitic acid 
S, stearic acid 
Ar. arachidic acid 
Po, paImitoleic acid 
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PSISI 

StOAr 

StStSI 

fig. 2.325.1. Chromatogram of a blend of 
vegetable oi/s spiked with lripalmilin and 
tristearin. For the abbreviatiom used for 
the designation of triglycerides see ~ 4. 

6.2 Preparation of test sample solution 
Prepare a 5 per cent (WN) solution by transferring 05 ± O.OI-g sample to a 100mi 
graduated flask and making up to volume with the solubilization solvent (5.5). Inject 
10 pi of this solution. 
Identify the triglyceride peaks (see 6.3 below). Record the retention times of the solvent 
and triglyceride peaks; also record the peak area of each triglyceride. 

6.3 Identification of triglyceride peaks 
Analyse the reference triglyceride solution (5.7) by injecting 10,tt1 of the solution under 
the same conditions as the test sample solution (6.2), recording retention times and peak 
areas as in the case of the chromatographedsample (6.2). Proceed with the identification 
of the individual triglyceride peaks as described in para. 6.3 of method 2.324. 

7 Calculatiou and expressiou of results 
7.1 Using the internal normalization method, the total sum of the peak areas corresponding 

to all the chromatographed individual triglJterides is assumed to be 100 per cent. The 
relative percentage (TI), of each triglyceride, i, is then given by the rormula: 

1: = Area of peak i x 100 
i Sum of peak areas 

Express the results to one decimal place. 

7.2 Verification of the identification of triglycerides 
7.2.1 Determine tbe fatty acid composition according to methods 2.301 and 2.302 or 2.303 

and 2.304. 
7.2.2 To verify that the correct identilication of triglycerides has been made use a 'balance 

sheet': for a given fatty acid, compare the IIIID1 of the amounts (expressed as a percent
age (m/m» of this fatty acid wherever it oa:urs in the individual sample triglycerides, 
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,...... 2.325.1. Triglyaorides' in soyabeaa oil (CoIIaborallw Study 19!1O). 

LLaLa OLL OOL 000 , 
Number of laboratories 13 13 12 13 
Number of ...... 1ts 26 2S 26 26 
Number of Ia __ .... ined.her diminatinc outlim 13 12 12 13 
Number of aeeepced_ 26 24 24 26 

Mean (pel ..... of totaIlri&IJoeridos) U J7.l 8..7 3.5 

~-(,) o.2S l.S1 0.19 O.flP 
RqmxIuciI>iIity _ (R) 0.45 2.13 0.19 13 

T_ 2.J25.1. Triglyaorides' i. palm oil (CofIa_1lw Study 1990). 

PPL roo s.oo 
Number ofla __ 12 13 13 
Number of_ 24 26 26 
Number of I._tories ... tai .... oher dimina" outIim 12 13 II 
Number of aeeepced_ 24 26 21 

Mean ( ......... of totaIlri&l!<eridal 10.8 21.7 2.4 

RqJca'ehjIiIy - (,) 0.74 0.61 0.33 

RepmcIII<:ibiIi - (R) I.OS U8 O.sa 

T_ 2.J25.3. T'i&fy<eJ .... • in bed _ (~ • .u~ Study 1990). 

roo I'PP StSISI 

Number of Iabon_ 13 13 , 
Number of_ 2S 2S 17 
N_ber of Iabon_ retained oller dimiDaIiac outIim 12 12 7 
Number of aeeepced ..... '" 24 24 14 

Mean (pei<IeaIJIp of totaIlri,vl)c:etidcs) 20.2 4.1 l.2 

~limil(r) 1.33 11.114 8.32 
Rqa".a __ (R) 5.24 2.11) 0.61 

• AblauiaticAp ..... Ill< 1M ••• ' ...... 1 tauy acids of lI"""idcs: L.1iaoIck aciol; La. __ add; 0 ..... 
aciol; p • ........., aciol; St.1IhIalric add. 
_ lll<,aadR "'" ... ......t ............ of_ 1I.,..,rida. 
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, 0, oleic acid 
L, linoleic acid 
Ln, linolenic acid , 

The triglycerides can then be designated as shown in the following examples: 

PPP, tripalmitin 
000, triolein 
POP, palmito-oleopalrnitin 
POS, paimito-oleostearin 
PPO, palmitopalmito-olein 
PSO, palmitostearo-olein 

References 
Litchfield C. AMlys" of Triglycerid.,. New York: Academic Press, 19n 
Pei PTS. Henly RS, RalllllChandran S. Lipids 1975: 10: 152. 
Perrin JL, Naude. M. Rev F,""f Corps Gr .. 1983: 30: 279. 
Pndlab. 0, Toregard B. J High Res Chr,,", 1982; 5: 553. 

Annexe 

Analytical quality control 

1 Repeatability 
When the mean value of two single test results obtained under repeatability con
ditions (conditions where independent test results are obtained with the same method 
on identical test material in the same laborstory by the same operator using the same 
equipment within short intervals of time) lies within the rsnge of the values shown in 
tbe tables below, the absolute difference between the two test results obtained should 
not be greater tban the repea/abi/ity limit (r) deduced by linear interpolation from the 
data in tbe tables. 

2 Reproducibility 
When tbe values of two single test results obtained under reproducibility conditions 
(conditions where test results are obtained with the same method on identical test 
material in different laboratories with different operators using different equipment) 
lie within the range of tbe values shown in the tables below, the absolute difference 
between the two test results obtained should not be greater than the reproducibility limit 
(R) deduced by linear interpolation from the data in the tables below. 

3 Result of the interlaboratory tests 
An interlaboratory test carried out at the international level in 1990 by the IUPAC 
Commission on Oils, Fats and Derivatives. in which 13 laboratories participated, each 
obtaining two test results for each sample. gave the statistical results (evaluated in 
accordance with ISO 5725-1986) summarized in the following tables. 
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2.328 Detannination of ....... and diglycerldes by capillary 
8M chromatograpllr 

I Scope 
This Standard describes a method forthe determination of mono- and ~ 

1 Field oIappllcatioa 
The Standard. is applicable to ma.- and digJyceride CIOIlCIenlrlltes and mono- 8IId 
diglycerides in falS and oils. 

Principle 
Convenion of mono- and digJyceriIIcs with N,N-bis(trimetbyIsilyl)trilluorollc e"mide 
(BSTF A) and trimethylchlorosilane (fMCS) in pyridine into - volatile trimetIIJIsiIJI 
ether derivatives and quanlitative defmDinalion by eapiJIary gas duOiiialUjpapby usiag 
an inlemal standard (II-tetradeame). 

4 Apparatus 
4.1 Gas chromatograph. with split injeclinn or on-column injection (_ 1). oven tem

perature programming and tlame-ioaiiIation detector. Recorder and intepator. 
4.2 Column, capillary, glass or fused siIea, surface fully deactivated by silylation aaent 

(_ 2), IS-25m in length. 0.25-035mm internal diameter, coatina S&S4 (or phase 
with similar polarity). film thickDas I.I-O.2J1111. 

4.3 Operatiq conditions, split injection (split ratio 1:10-1:50); direct injedioa ( ..... lfI, 
hold 1m" lminu1e); temperatures: iJiection pan 32O'C, or 0IkiII_ iDjedioa 6O'C, 
eolumn iDitial 8O'C (or 6IfC on-coIIInD). programme 10'C1min. fIaat 3i'iO'C. hold fw 
IS minutes. detector 3SO'C. carrier IJIIS ftow Smt heliumlmin (at IIO"C), iDjection mtuae 
l-Spl. An automatic sampler is a~. 

u Sc.rew-cap vials (2.Smt) or aimp-tcp vials fur autosampJer (e.g. 2.0m!). willi T~ 
faced septa. 

4.S Heatina device fur tiala, 7f1'C. 

s .Reagads 
5.1 N,N-bis(trimetIIJIsiIJI)triIIuoroace' ride (BSTFA). 
s.z 'TrimetIIyIdIIo (TMCS). 
5.3 Pyridine. anatyticat grade. kept over potaaiwD hydroxide. 
S.4 II-Tetradeame, anatyticat grade (intallal standard). 
s.s n-Hexauc. !IftIIIYticaI grade. 
S.6 Reference standanIs: glyeeroI, palwjtjc acid, 1~ 1~ 

ceroI.l,2-di-O-p8Jmitoylglycerol. Udi-O·palmiloy~ 1,2-di~. 
S.7 Internal standard sohltion: accuratdJ weigh about 100l1li II-tetradecaae (S.4) into a 

100mt volumetric ftaak and dilute to 1IIIIume with pyridine (S.3). 
5.8 Referen<:e solution: accurately weip aboullOOIlll of reference standard (e.g. glycerol. 

fatly acid, mono- and di·O-ac:etylfl:lJcerol) and about 100 l1li of n-tetradecane iDto a 
100mt volumetric ftaak. Dilute to 1IIIIume with pyridine. AllernatM:Iy, weigh about 
100l1li of a mixture containing sevemI (e.g. five) reference standards 8IId II-tetradec:alle, 
each oomponent being present in alait the same quantities. iDto a 2-ml volumetric ftaak 
and dilute to volume with pyridine. 

2.32611 



2: OILS AND FATS 

, Proeedure 

6.1 Sample solution 
Accurately weigh aboul 10 mg of homogenized sample of emulsifier concentrates or 
50 mg of oils and fats containing emulsifiers into a 2.5 ml screw-cap vial with Tellon-faced 
septa. Add 0.1 ml of internal standard solution (5.7) containing 1 mg of Il-tetradecane, 
O.2ml of BSTFA and O.1ml ofTMCS to the sample (note 3). 
Humidity is strictly excluded. Oose vial and shake vigorously. Heat the reaction mixture 
in heating device at 7ffC for about 20 minutes. Inject 1-5,,1 of the reaction mixture 
into the gas chromatograph showing a stable baseline (note 1). 
Avoid delay of gas chromatographic analysis. The reaction is carried out twice and 
duplicate injections are made per reaction. 

6.2 Reference solution 
Transfer O.10ml of reference solution (5.8) to a vial and add the silylating agents, 0.2ml 
of BSTFA and 0.1 ml of TMCS (no internal standard solution is added), and inject as 
described above (notes 1, 3). 
Use a concentration range of reference standards similar to that of the substances to 
be quantified in sample solution. A plot of response factor versus concentration of 
reference standards may be useful to check linearity. 
Check response factors periodically. Response factors should be above about 0.5. Lower 
response factors indicate some loss or decomposition. Use concentration range of 0.5-
tOmg/ml of components in reference and sample solutions. 

6.3 Identification 
Analyse the reference &oiution under the same operating conditions as the sample 
solution. Identify peaks by comparison of retention time with known SUbstances or 
apply coupled GCIMS (gas liquid chromatography/mass spectrometry). 

7 Calculation and expression of results 

7.1 Response factor 
Calculate the response factors of the reference substances versus internal standard using 
the reference standard ehromatogram. The value of the response factor is given by the 
formula: 

where: 
R. is the response factor of Alfe_ standtml x 
mi> is the mass, in mg, of intel'lllll"fA~af" m, is the mass, in mg, of reference standard x 
Ax is tbe peak area of reference substance x 
Ai> is the peak area of internal standard. 

7.2 Calculation of sample component content 
Calculate the percentage of mass content of component x in the sample by tbe formula: 

m~(%) "" lIR. x (ml./~) x (A~/Ai,) x 100 
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where: 
~ is the peramtage (mlm) of mass of component x in tIJe sample 
R. is the response faeIor of component x in the sample 
m;. is the mass, in mg. of .mternaJ standard in the sample 
~ is the mass. in mg, of the sample 
A~ is the peak area of the component x in the sample 
A;' is the peak area of the internal standard in the sample. 

• QuIlty assuranc:e 

·_ ..... _---

8.1 For genual prindp/t!s of analytical quality oontrol. see the seetioa on QfIIIIiq A.s:rIrnma 
in the introductory part of the CompmiIium of SttIIfdJmJ Methods. 

8.l For sp«ific <Ipplic4tion8 of analytical quality oontrol. see tIJe AmIexe to this standard 
method. 

, Notes 
1 For on-oolumn injection, or direct injection. dilute SOpl of reac:tioo IIIiztun: (6.1; 
6.2) with 1 m1 of hexane and inject (1 pi). 
In order to Jeogthen the Iife.time of the columns when applying oo-coIumn injeaiom, a 
pre-colunm is useful. On-column injection lives better lespouse faeIors. 
2 Use a Jeogtb of columB requited to sepaIlItC 1,2- from l,3-dig1yceddes. 
3 For automatic sampielS with 2-m1 crimp-top vials, it is coa¥eDieat to douhIe tIJe 
amount of sample and reagents. 
" Beside mono- and digIyc:erides, other components such as glycerol, fatty acids, 
sterols etc. caD be analysed by the same metbod. 

Aluaexe 

Analytical quality control 

lR~ 
When tIJe mean of the values obtained from two lingle detenoinatiom carried oat in 
rapid IOU mion by tIJe same operator, using the sanse apparatus under tIJe _ COD

ditious for the analysis of tIJe sanse test sample, Iics within the nDF of the _ values 
cited in the tables below, the difference between tIJe two values obtained should DOt be 
greater than tIJe repeatability limit (r), which caD geaenIly be deduced by 1inear inter
polation from tIJe values in tIJe tables below. 

2R~ 
When tIJe values for the final result, obtained by operaton in diftaeullaboultcwies UIIiag 
diffenmt apparalUS under differeul conditions from the III8IJsis of tIJe same laboialOiy 
sample, lie within the ranae of mean vaiues cited in tIJe tables below, the difference 
bel\veen tbe values for the final resu1t obtained by those operators should not be peater 
tban the reproducibility limit (R). which caD p:nerally be deduced by 1inear interpolation 
from the values in the tables below. 

3 Results of the imolaboratory test 
An interlaboratory test carried out at an international level in 1985 by the fUPAC 
Commission on Oils, Fats and Derivatives. in which eight laboratories participated. each 
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obtaining two test results for each sample, gave the statistical results (evaluated in 
accordance with ISO 5725-1986) summarized in the following tables for mono- and 
diglyceride concentrates (Table 2.326.1) and for mono- and diglycerides in oils (Table 
2.326.2).' 

Tobie 2.326.1. Statistical .. alysis of ..... Its for mono- and disJy<eride concentrate< (expressed as percentage of 
mass of sample). 

~ 
.!! .!! 
.9 ~ l! 

.!! .!! 

I I 
.!! ~ .9 " .~ ~ I .! 

~ ~ 
~ ~ -

Number of laboratories 8 8 8 8 8 8 
Number of results 16 16 16 16 16 16 
Number of laboratories retained after elimination of outliers 7 8 8 7 7 8 
Number of a""'pled results 14 16 16 14 14 16 

Mean value (g1l00 g .ample) 1.7 'rl.2 60.1 0.2 0.8 1.1 

Repeatability standard deviation (S,) 0.05 0.9 2.1 0.01 0.05 0.07 
Repeatability relative standard deviation 3.0 3.3 3.5 4.6 6.0 6.8 
Repeatability Hmlt (r) (2.83 x 5,) 0.14 2.61 5.91 0.31 0.14 0.20 
Reprndudbility sta.dard deviation (S.) 0.1 2.4 6.4 0.06 0.1 0.3 
Reproducibility relative standard deviation 5.7 8.9 10.7 30.0 17.8 24.8 
Reprod\Jcibllity limit (R) (2.83 x 5.) 0.3 6.8 18.1 0.2 0.4 0.8 

T_l . .I26.1. Statistical analysiJ of results for mono- aod diglycerides in oils (expressed as pen:entage of mass 
of sample). 

u .!! ;; 
j .!! ." I! ! .!! I! 

J 
.. 

I! .§. .!! ·s 
~ 

.l<i 
'iii ~ 0 
:t :::!- '" - -

N .... ber of laboratories 8 8 8 8 8 
Number of J'e$ults 16 16 16 16 16 
Number of laboratories retaioed after eli_nOD of aodi ... 8 8 8 8 8 
Number of accepted results 16 16 16 16 16 

Me .. _ (811008 .ample) 0.96 0.98 0.97 0.93 0.97 

Repeatability standlId tleviatioo (5,) 0,00 0.00 0.04 0.02 0.06 
Repeatability relative standard deviatioo 3.3 3.4 4.0 2.5 6.2 
Repeatability timit (r) (2.83 x S,) O.OS"", O.O&~ 0.\1 OJJti,~ 0.1'1 
Reprndudbility standard deviation (SR) 0.12 0.14 0.24 0.19 0.19 
ROproducibility relativ. standard deviation 12.0 13.8 24,4 20.2 19.8 
Reprnducibility limit (R) (2.83 x S.) 0.34 0.40 0.68 0.54 0.54 
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2.205 Determination of the iodine value: Wi,is' method 

Statistical evaluation of results of studies C8J'Iicd out in 19891!1O. 

ToIIIe2.ll5.1. 
M __ 

T It 

SoIveat;· ere OIl( ere OIl( ere 

~ Suaftowet _ oil 133.6 132.9 3.0 3.6 7.2 
Palm oil, refined 53.1 53.0 0.65 0.12 1.43 
FISh oil. em'" 109.1 lOBS 1.67 1.40 4.JS 

TUIIloiI 164.S 163.1 3.47 2.39 S.27 
Tallow (beef fal) 47.2 46,9 1.37 1.33 2.75 
Soya_ oil. bydrogoaaled 63.3 65.3 1.86 13.8 17.2 

Palm oil, crude 525 52.6 1.29 2.IS 2.19 
Frying oil • .- 37.7 37.1 0.91 1.38 1.18 
FlShoil.~ 63.3 68.6 3.61 1.69 17.2 

Palm """'-I 00 18.2 13.3 0.17 0.14 o.s, 
Olive oil 12.3 12.2 0.75 1.75 1.86 

TUie J.1II5.Z. 

Sample:' SBOI 
SoIwmt:+ ere 
Numbcrof __ 

17 
Numbuof_ J4 
Number of _.lOtio> ""_ aftu elilniaalioa of_ 16 
_of .-pIed_ 32 

Mean_ IOU 

R'I 
101 __ (T) 1.4 

RqxoducibiIity limit (It) U 

_UI5.1 

Sample:' 
SoIYcoi:. 

_of __ io> 

Numbcrof_ 
Number oflabocatoria....- aftuetiegjp'lioa of_ 
_of .-pIed_ 

Mean_ 

RqIeaIobility limit (T) 
~ty Iimit(R) 

• ere . ....- tetradIIoride; CHX. cydo/IewIe + 1!Ia<:iaI- .... (1:1) . 
• S80. bydroFnalCd soyabean oil; HFD. b;.t.opnalCd fish oil. 
Starisri<aI analysis aa:onIin& to ISO .5725-/986. 

Reference 
Poclcfinat<>n WO. Prtre/IppJ a..... 1990; 62(12): 2339-2343. 
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OIl( 

4.S 
UlO 
2.8) 

4.32 
3.10 

14.9 

2.89 
1.48 

11.0 

0.64 
2.62 

SB01 
OIl( 

17 
J4 
17 
J4 

IOU 

2.2 
S.1 

UFO 
OCT 

17 
J4 
16 
32 

73.0 

1.7 
2.S 

No. of_ ,IW_ 
(ere.CHX) 

(20.211) 
120,20) 
(18.14) 

(14.12) 
(20.20) 
(12.16) 

(18.211) 
(14.14) 
(12. 12) 

(16.14) 
(14.10) 

SII02 SII02 
ere OIl( 

17 17 
J4 J4 
17 11 
J4 J4 

74.7 74.1 

1.7 I.S 
3.1 2.1 

UFO 
CHX 

17 
J4 
11 
J4 

72J 

1.6 
2.3 

L 
;! 

I 

~~ ~ .. 
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Calculation 
For a transmission curve: 

Absorption A "",log PR 
. QR 

where PR and QR are the lengths measured on the graph. 
For an absorption curve: 

AbsorplionA ~ AQ-AI' 

where ~ is the absorption at Q, A~'is the absorption at P. 

Using the calibration curve constructed according to 7.1.3, determine the amount m' , in mg, 
of methyl e1aidale corresponding to the value found for the absorption A. 
The per cent amount of isolated trans-unsaturated compounds, expressed as methyl elaidate, 
is: 

where m is the mass, in mg, of the test portion. 

Warning 

Carbon disuJpbide 
Carbon disulphide is an insidious poison, being harmful either by vapour inhalation, 
prolonged or repeated skin contact or by oral intake. 
Chronic poisoning may ensue from repeated exposllre to vapour. Extreme precautions 
should be taken when using this solvent. 
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2.501 Determination of the peroxidevelue (P.V.) 

Scope 
This Standard describes a method for the determination of the perollide vaJue ofoils and fats. 

z Field of application , 
This Standard is applicable to animal and veset_ble oils aod fats. 

J DefinitioD 
The peroDde value is the quantity of those substances in the sample, e:cpi cd in terms of 
milliequivalents of active oxygen per kg, wbich oxidize potassium iodide under the operatia& 
conditions described. 
Nore. This definition does not agree with the definition given in Method U.D.13 (Fifth 
Edition). 

4 Prindple 
Treatment of the test portion, in solution in acetic acid aod chIOiofotm, by _ soIulioD of 
potassium iodide. TItration of the liberated iodine with standanIi2ed IOdium tbiosuIpbaIe 
solution. 

5 Apparatus 
All the equipment used sbaD be free from reducing or oxidizing substances. 
Note. Do not grease ground surfaces. 

S.I J-m1 glass scoop. 
5.2 Flasks, with ground necks aod stoppers, of about 2SO mI C8J*ity, dried bebdJud and fiIkd 

with a pure, dry inert gas (nitrogen or, preferably, carbon cJiollide). 
S.3 25- or 5O-mI burette, graduated in 0.1 mi. 

, Reagents 
6.1 Chloroform, analytic:aI reagent quality, freed from oxygen by bubbIin&. ameat of pure, dry 

inert gas tJuouab it. 
6.2 Glacial acetic acid, anaIytic:aI reagent quality, freed from oll)'Fll by bubbIin& • cw,eut of 

pure, dry gas tbrougb it. 
6.3 Potassium iodide, saturated aqueous solution, recently piepaaed, free from iodine and 

iodates. 
6.4 Sodium tbiosuIpbate, 0.01 or 0.002 N accurately standanIi2ed aqueous solution, standa,'IIized 

just before use. 
6.5 Starch solution, 10 g/I aqueous dispeJSion, r:cent1y paepaaed from naturallOIubIe stan:h. 

7 Sample 
Take care that the sample is taken and stored away from the Ji&bt, kept cold and cootained in 
completely filled glass containers, hermetically seaJed with ground-gIass or ClOd: stoppers. 

• Procedure 
The test sbaD be carried out in diffuse daylight orin artifIc:iaI Ji&bt. Weigh in agJassscoop (5. 1) 
or, failing this, in a flask (5.2), to the nearest 0.001 g, a mass of the sample in aa:ordanc:c with 
Table 2.501.1, according to the expected peroxide value: 

199 



2: OILS AND FATS 

TalJleUOI.J 

Expected peroxide value Mtm of lest portion 
(m.e.q.) (g) 

Oro 12 
12«>20 
20'030 
3Oro50 
50'090 

, 
5.0<02.0 
2.0ro 1.2 
1.2 roO.8 
0.8'00.5 
0.5 '00.3 

I 
Unstopper a flask (5.2) and introduCe the glass scoop containing the test portion. Add 10 m' 
of chloroform (6.1). Dissolve the test portion rapidly by stirring. Add 15 ml of acetic acid 
(6.2), then 1 ml of potassium iodide solution (6.3). Insert the stopper quickly, shake fo~ 
1 minute, and leave foe exactly 5 minutes away from the light at a temperature from 15 101 
25"C. 
Add about 75 ml of distilled water. Titrate the liberated iodine with the sodium thiosulphat( I 
solution (6.4) (0.002 "solution for expected values less than 12, and om II solution fo~ 
expected values above 12) shaking vigorously, using starch solution (6.5) as imticator. 
Carry out two detenninations on the same test sample. I 
Carry out simultaneously a blank test. If the result of the blank exceeds 0.05 ml of 0.01 II 
sodium thiosulphate solution (6.4), replace the impure reagents. 

Expression ofresulls 
The peroxide value (P. V.), expressed in milliequivalents of active oxygen per kg, is given by I 

the formula: I 
P.V. = VxT x lID) 

where V is the :berOfml of the standardized sodium thiosulpbate solution (6.4) used for I 
the test, corrected to late into account the blank test, T is the exact normality of the sodium. 
thiosulphate solution (6.4) used, m is the mass, in g, of the test portion. I 
Take as the result the arithmetic mean of the two determinations canied out. I 

WamiDg 

Chloroform 
Even at moderate coDl:l!ntrations chloroform vapour lends to produce gradual fatigue and ! 
headaches. I 
Following eXposure to excessive collcentrations or repeated exposure to 10\llf!'L~ 
_ccntrations jaundice may ensue after an interval. Continued inhalation of sub-narcotic doses . 
may lead to chronic deterioration of organs. 
The strong degreasing action of liquid chloroform on the skin produces bums and cracking. 
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where V. is the number of Il1l of the standardized sodium tbiosulphate soIutioa (4.3.7) used 
for the blank test, V. is the number of Il1l of the standardized sodium t!dosuIphate soIulioo 
(4.3.7) used for the test portion, Tis the exact normality of the sodium tbiosuIphatesolulioo 
(4.3.7) used, m is the _, in g, of the test portion . 

. , 

Principle 
Addition to the test porlioo of an iodine monobromide solution in an accIic acid and arbon 
tetrachloride mixture. Alter a standardized lime of reactioa, determination of the excess 
halogen by addition of potassium iodide aq_ solution and titration of the liberated iodine 
with a standardized sodium tbiosuIphate solution. 

Apparatus 
See 4.2. 

Reagents 
Glacial acetic acid, free from ethanol. 
Carbon tetrachloride, analytical J:1IIIICIlt quality. 
The IWO reagents must be free from oxidizable matter and are tested as in 4.3. 
Iodine monobromide (mr), pIIR. 

Potassium iodide, 100 III aqueous solution. 
This must contain DO free iodine or iodate. 

5.3.5 Sodium tbiosuIpbate, 0.1 N aeeurately standardized aqueous soIutioa. 
5.3.6 Starch solution, 10 III aqu-.s diIIperIion, recently prepared from natunll!ll.lluble SIUdI. 

H Preparation of the Hanus reagent 
IDtoabrowDsJassbottieweigb 10&ofiodine IDOlioolOmide (5.3.3) anddiaolte itinSOOmlof 
acetic acid (5.3.1). 

SoS Procedure 
The weiptt of fat tq be taken, in &. is about 25/1. v. (expected iodine wIue). 
IDto a sJassscoop (4.2.1) weigh the appropriate quantity aa:uratelytowitbillO.OOI g.. IDICIt 
the scoop with contents into a poumI-I1ected bottle (4.2.2). Add 10 Il1l of arbon tetra
clIIoride (5.3.2) and dissolve. 
Then add exactly 2S ml of the reaaent and inaert the stopper. Shake a-tJy, and place in the 
dad for I boor. 
Add20ml otthe potassium iodide solution (5.3.4) and lOOmlof .... iJedwater. Titnltewilh 
the aqueous tItio$UIpbate soIulioll (5.3.5), usiaa stardI soIutioa (5.3.6) as jndjc:ator, COIl

tinuing the titration until the blue colour jwIt disappean; after very ¥iaomus """kina. 

S.6 Expression of results 
See 4.6. 
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The Hubl method 

Principle 
To a carbon tetrachlo~de solution of the lest portion, addition of an excess of an ethanolic I 
solution of iodine and mercuric chloride. After a standardized time of reaction, deter- • 
mination of the excess halogen by addition of potassium iodide aqueous solution and titration 
ofthe liberated iodine with a standardized sodium thiosulphate solution. 

Ap'paratus 
See 4.2. 

Reagents 
Ethanol, 95 per cent (V/V). 
Carbon tetrachloride, free from oxidizable matter (see 4.3). 
Iodine, pure, re-sublimed. 
Mercuric chloride, analytical reagent quality. 
Potassium iodide, 300 gil aqueous solution. 
This must contain no free iodine or iodate. 
Sodium thiosulphate, 0.1 N accurately standardized aqueous solution. 
Starch solution, 10 gil aqueous dispersion, recently prepared from natural soluble starch. 

I 
[ 

I 

, 
I 

Preparation of the Hubl reagent 
Into a brown glass bottle dissolve 25 g iodine (6.3.3) in SOO ml of ethanol (6.3.1). I 
Into another bottle weigh 20 g mercuric chloride (6.3.4) and dissolve in 500 mt of ethanol 
(6.3.1). Filterthis solution, if necessary. 
24 hours before it is required for use, mix equal volumes of these two solutions. This mixture I 
does nol keep for more than 48 hours. 

Procedure I 
The weight of fat 10 be taken varies according to its expected iodine value according to the 
table given in 4.5. 
In a small glass scoop (4.2.1) weigh the appropriate quantity offat accurately to within 0.00 L I 
Insert into a 500-ml ground-necked bottle. 
Dissolve in 10 ml of carbon tetradllorido (6.3.(.). A!I!I~actly 25 ml of the reagent. Insert the 
stopper, shake gently and place the bottle in the dark. 

• For oils having an iodine value below 150, leave for 12 hours; for those With iodioe value 
above 150 and for polymerized or oxidized oils, leave for 24 bours. 
Then add 20 ml of the potassium iodide solution (6.3.5). If a mercuric iodide precipitate 
appears, add more potassium iodide until the precipitate redissolves. Then adQ 300 ml of 
distillated water. 
Titrate with the aqueous sodium thiosulphate solution (6.3.6) in the presence of starch 
solution (6.3.7) as indicator, continuing the titration until the blue colour just disappears 
after very vigorous shaking. 
Carry out a blank test without the fat under the same conditions. 

6.6 Expression of results 
See 4.6. 
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2.304 Capillary column gas-liquid chramatography of fatty 
acid methyf asters 

1 Scope 
This Standard desc:nbes a general metbod for tbe application of capiUary ooillmn gas
liquid cbromatogapby to determine !be qualitative and quantitative CXlIIlpOSitioo of a 
mixture of fatty acid metbtl esters. 

2 Field of appIkaIfon 
This Standard is applicable to !be fatty acid metbyl esters piepaied from oils and faIs 
(notA! 1) acmrdinll to metbod 2.301. 

3 Apparatus 
The instructions given apply to normal equipiftent used for gas-liquid cbromatOSJ1lpby 
employins capillary columns. and lIame·ionization detection. 

3.1 Gas-liquid cbromatography 

3.1.1 ~.,.. 

The injection system sbould be specially desiped for use 'Iritb capi1l ... }' coIUIDflS. It 
sbouId be ei!ber of !be split type or on-column (spIitless) type (_ 2). 

1.1.2 0-
The oven sbouId be capable of beatins !be column to at least 22O'C and of maintainiDg 
!be desired temperatore to witbin 0.1"C (notA! J). 

l.l.3 CaplIarJ ......... 

l.1.3.1 Column 
Fused siIk:a or glass, Ieqtb 25-60 m, internal diameter 0.20-0.3S _, 'Iritb a -mnar, 
pbase coatins tJUctness of 0.1-0.2 JIfI1 (_ .,.,. 

3.1.3.2 SWit.1IIII'1 pluue 
This sbouId be of moderale polarity, sud! as !be poIyBIycoI type (e.g. poIyoetbyIeDe 
glycol 20000), polyester type (e.lI. butaoediol succinate) or polar poIysiIo. n type 

(e.g. cyanosilicones) (notA! '). 

3.1.3.3 Aswnbly tIIId COIIlIiIioIIbt& of tIui wIunuo 
Observe !be normal precautioIII for asaemblins capiUary coI_, i.lI. emuriDg a+quate 
suppon of !be column in !be oven. cb«ting joints to injector and detector for Ieab. 
positioning of !beeodsof !be column at !be injector and detector suc:Ia tbaI !be dead
~ in tbese areas is reduced to a minimum. 
Subject !be column to • suitable carrier gas Bow and condilion !be column by IleaIins it 
to about 10-SO"C above !be maximum oven temperatore to be used for !be analysis. 
but not exceedins !be maximum temperatore guaraateed for !be stationary pbase or 
recommeoded conditionins temperature for !be column. Maintain !be column at Ibis 
temperature for at least 1 hour to acbieve stabilization of !be baseline. Reduce !be oven 
temperature to l8O"C for analysis under isotbermal conditions. 

3.2 Syringe, maximum capacity lOp!, graduated in O.lpJ. 
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3.3 Recorder, according to method 2.302, and compatible with the apparatus used. 
3.4 Integrator, electronic, as specified in method 2.302, or data processor. 

4 Reagents. ~ 
4.1 Carrier gas: helium or hydrogen (note 6). 
4.2 Auxiliary gases: hydrogen 99.9 per cent minimum, free from organic impurities; air or 

oxygen, free from organic impurities. 
4.3 Reference standards or natural mixtures of lipids of know. fatty acid composition 

corresponding to that of the sample. Otherwise, reference standards of individual fatty 
acids, or fatty acid methyl esters, or mixtures thereof with a fatty acid composition 
corresponding to that of the sample (note 7j. 

5 Procedure 

5.1 Test conditions 

S.l.! Selectioo of optimum operating comIitions 
The efficiency of tbe column and permeahility properties of the phase mean that the 
separation between constituents and duration of the analysis is largely dependent on the 
type of carrier gas, column dimensions, temperature and type of fatty acid. It will be 
necessary to optimize the operating conditions of temperature and flow rate according 
to whether one wishes to improve the separations or to mate a rapid analysis. For 
general purposes a linear gas velocity of 40 em per minute for hydrogen and 30 em per 
minute for helium should be satisfactory {note 6}. 

5.1.2 DetermlDatioD or the eftldency aH resolution 
Use correspondingly the formula given in method 2.302. The operating conditions 
selected (5.2) should be those tbat afford the number of theoretical plates for methyl 
stearate to be at least 2000 per metre (note 8) and the resolution at least 1.25. 

5.2 Operating conditions 
Operate the oven either isothermally at a temperature of ll!O-210"C, or operate by 
temperature-programming from 8O-22O"C (note 9). 
Set the injector and detector temperatures about 3O-50"C abow:the column temperature 
(note 10). 

S.l Analysis 
Using the syringe (3.2), inject 0.1-0.21'1 of the solution or 1-5 per cent fatty acid 
methyl esters prepared from the selected reference standard (4.3) according to method 
2.301. With on-oolumn injection mode, dilute tbe solution 10 g.OS ~ cent befae 
jnjection. 
Similarly inject 0.1-0.2111 of a solution of fatty acid methyl esters prepared from the 
test sample in exactly the same way. 

, Calculation and expression of results 

6.1 Qualitative analysis 
See method 2.302 (para. 6.1). 
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When identifying the peaks of the sample fatty acids by rer-nce to the peat retentioa 
limes of known fatty acids, it should be realized that critical ,.urs or triplets of fatty add 
peaks may have been formed, depending on the stationary pIIase (3.1.3.2) used for tile 
analysis, e.g. ~ and C"'3 ( .. -6); Cn ,.. and· c;."l ( .. -6); Gr..3 ( .. -3); 42,1 (n-9); and 
c;.". ( .. -3) (_ 11). 

6.2 Quantitative analysis 
Use the mrmuJa given in method 2.302 (para. 6.2). 

6.2.1 Use or ................. 
In the assay of fatty acids C ... -o and c..",' fatty acids in dairy fats (or bleads COIltaiDiD& 
daily fats), Cs,o should be used as the internal standard. In _ ~ _ all fatty add 
melbyl e!lCers are eluted. fatty acid CIS'" or C.,,o shouJd be UICId as the internal staadard. 
TIle COIIte.t (P;) of component i, expressed as a pen:eauwe (mIm). is given by tile 
mnnuJa: 

p. = m. )( Ki )( ..4; 
1 mXK~XAs 

where: 
m. is the mass, in 109, of the internal staDdard added to the test portion 
m is the mass, in mg. of the test portion 
Ki is the c:onection factor fut the component 
K: is the correction factor for the internal standard 
A; is the area of the peak collespoilding 10 tile COmponeDl i 
As is tile area of the peat colTeSpOl1diDg to the internal staDdanI. 
For the caJcuJation of tile correction facIol1l Ki and K: use .. formula given in me thod 
2.302 (para. 6.2.1) (_12). 

7 QuIity 8SSIIJ'8IICe 

1.1 For general principles of analytical quality com.rolsee the section on QuIity AmuillllOt 
in the introductory part of the Compendium of Srmultud At ... 

7.2 For sp«iJic app/iaItiOM of analytical quality CODtroI see tbe ~ to this stauchml 
method. 

• Notes 
1 TIle predsion of the method whea apptied to butyric and lauric oils and fats bas _ 

been determined. . 
2 On-coIumn injection is preferred as it' genetally ~ sample injeetioa cJiscri. 

miDltion involving losses of lrighIy volatile sIIort--dlain fatty add methyl esters. 1& this 
case the theoretical response factors can be used instead or the empiJicaI calibratioa 
factors. An automatie injection system is recommended as it improves the repeatability 

of results. 
J Apparatus equipped with a temperature programmer is _oded. 
4 For cold on-column injection, a retention gap column must be used to nK:ODCeUb~ 

the fatty acid methyl esters at the beginning of the separation column. TIle rete&tion gap 
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must be 0.5-1 m in length with an internal diameter of 0.53 mm to allow insertion of the 
needle into the column. 
5 Carbowax, Durabond 225, FFAP, Silar 5 CP, Supelcowax, or CP SUSS are suitable 

stationary phases. The.,selection of a particular phase depends on the intended separ
ation of fatty acid methyl esters. For separatioos of unsaturated fatty acid methyl esters, 
cyanosilicones are preferred to Carbowax columns. If the coaling is too thin, this will 
increase difficulties due to active sites in the column. For this reason a coating of 0.2 J.lm 
is to be preferred. 
6 Either helium or nitrogen may be suitable as a carrier gas but they will increase 

elution times. Hydrogen is preferred for the analysis of fatty acid methyl esters derived 
from fats containing short-chain fatty acids. It is also preferred for the analysis of fats 
with long-chain fatty acids since the elution time is some two times shorter than with 
helium-consequently peak broadening is less. Oxygen traces in the carrier gas may 
damage the column coatings and considerably reduce the life of capillary columns. 

7 Standards of most known fatty acids are available from suppliers such as Nuspet: 
Nu-Cheek-Prep. Inc., PO Box 172, Elysian, Minnesota 56028 USA; for Europe: Bast of 
Copenhagen v, Denmark. 
Otherwise, natural oils and fats of known fatty acid composition (available from the 
European Community of Reference (BCR), rue de la Lai 200, B-I049 Brussels, Belgium) 
or those with a specific fatty acid. sueb as blackeurrant seed oil for C'S,3 (n-6) (gamma
linolenic acid) and for C,g,. (n-3) (stearidonic acid), can be used. 
8 The separation power in terms of theoretical plate number depends on the length 

and inside diameter of the column. The longer the column' and the tbinner the coating 
of stationary phase, the higher is the theoretical plate number. 
9 Operating the oven by temperature programming increases the speed of fatty aciq 

elution but does not improve or reduce the resolution of the peaks. A suitable heating 
programme is: Start at an oven temperature of 8O"C. Hold for 2 minutes, then heat up 
at a rate of 2O"C per minute until 125°C is reached. Hold it there for 1 minute, then 
continue to heat up at a rate of 3°C per mioute until 22O"C is reached. Hold at this 
temperature for at least 5 minutes, until all high carbon number fatty acid methyl esters 
are eluted. 
10 For on-column injection, set the injector and oyen 10"C beoeath the boiling point 
of the solvent aDd start with heating immediately after injection. e.g. 50"C can be used 
in the case of pentane.'·· , 
11 In tbe abbreviated symbalsC.,o, C,g", !be ligures 4 and 18 stand for the·",*" M ," 
carbon atoms in the fatty acid chain and the figures immediately following the colon (:) 
refer to the number of unsaturated bonds in the fatty acid chain; n-3 and n-6 refer to the 
place of the first double bond in the fatty acid chaittcounlfld from !be methyl group end 
of the chain. 
12 If a correction factor of 1.000 is taken for C'6,0, 1\lQIiI.f/I' ... IiiIl .... l!nfll_1iIi will ~ 
round to have correction factors close to 1.00, except in the case of the short-chain fatty 
acids C.,o, c.,o and Ca:o. The correction factors should correspond with the theoretical 
response factors within certain margins. This is especially important in the case of the 
analysis of short-chain fatty acids because incorrectly determined correction factors 
have been found to be a common factor in the obtaining of erroneous results by many 
laboratories. 
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S.1.3 Weigh 1.001 of sample in a 10-mI test tube, topdJer with 1.00, of matrix modifier (4.3) 
and mix thoroughly (_ 4). 

5.1.4 Cany out instructioas 5.1.2-5.1.3 also ror the three staDdard 1IIIOl'ting soIutioas (4.7) 
and the blank oil (404):-

52 Prepuationofappuaum 
5.2.1 Switch on the atomic absorption specIlonICIer and the bacqroImd comction (Deu

terium or Zeeman). 
S.2.2 In accordance with the manufactunn>s instructions supplied with the speetlOweter, 

adjust: lamp cunent, slit. wavelellJllh and amplification. The required waveleu&th is 
213.5 ow. 

$,2.3 Optimize the position of the IIJ'IIPhite roroace atomimr (3.6) in the atomic: absotption 
specbo.m.:ler (3.5). and set the required programme on the control UDit of the fumace. 
If available, place platform in grapllite tube. 

5.2.4 PRtre8t before each injection, the pipettor tip (3.3) by pipettiog ud then disc:ardiag 
lOp! of cydobexane. 

S.U Inject 20 pi of the standard worting sohItioo with 8 QOnteDt of 40 l1li phwpIKlnIIJtg 
(4.7) with the micropipettor (3.2) into the grapIlite fumace, initiate the teIDpenIbIre 
progmmme and teQOrd the absorption. 

5.2.6 Repeat instruction 5.2.5 until the absorptioll is constant (-5). 

Programme for the graphite fumace atomimr (see _ 6); 

_1AD.I. 

Temp. ~ ~ Jat.a....-
Stcpno. ("C) (s) (0) (-) 

I 600 40 2IJ 300 
2 1600 so 40 300 
1 2800 0 5 0 
4 2800 1 3 so 

5.3 Determination 
5.3.1 Measmemeot of the grapIlite tube blank: teQOrd the absotption, if any, of the papbil.e 

tube as such and autozelO this absorption. 
5.3.2 Measurement of the blank: ioject 20 pi of the bIaak solution paqwed -diu& to 

5.1.4 into the grapIlite fumac:e. initiate the tempelatwe ~ and teQOrd the 
absotptiou. 

5.3.3 Measwemeot of the 1IIIOl'ting SIaadIrds: inject lOp! of the duee staDdard soIuIioas 
pttqliiied ac:cordiolto 5.1.4 into the p8IlIIite fumace ud record the abIorptioGs. 

5.3.4 Measurement of sample solutions; inject lOp! of the _pie solution pttqliiied aa:ordiog 
to 5.1.3 into the graphite fumac:e, initiate the temperature progmmme and n:cord the 
absorption. 

, Cak:u1atioD aad expa flee 01 resds 

6.1 Calculation 
6.1.1 Measure the peak height on the reQOules-cbart or take the reading of the display or 

printer. 
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6.1.2 Draw a calibration curve by plotting the absorption of the three standards (5.3.3), 
corrected for the blank (5.3.2), against their respective phosphorus content (note 3). 

6.1.3 Measure the absorption of. the sample and correct for the blank. 
6.1.4 Read the phosphorus content of the sample from the calibration curve. 

6.2 Expression of results 
Express the results as mglkg (to two significant figures). 

7 Quality assurance 
7.1 For general principles of analytical quality control, see the section on Quality Assurance 

in the introductory part of the Compendium of Standard Methods. 
7.2 For specific app/icatio/lS of analytical quality control, see the Annexe to tbis standard 

method. 

8 Notes 
1 The amount of phosphorus found depends on the types of phosphatide present in 
the oil. The addition of lanthanum proved to be essential to find the total amount of 
phosphorus. Instead of lanthanum, calcium may be used. 
2 Both atomization off the wall and atomization off the platform can be used. It is not 
necessary to change the temperature programme for the graphite furnace. 
3 The concentration of phosphorus in the blank oil and in the lecithin is determined 
with method 2.421-
4 If the expected or found concentration of phosphorus is higher than 40 mglkg, dilute 
the sample with blank oil (4.4). In that case mUltiply the observed absorption (5.3.4) 
with the dilution factor. 
5 With a new graphite tube, three to four 'determinatio.ns' with a particular working 
standard have to be carried out in order to obtain an acceptable 'slate of equilibrium'. 
6 For those with a Varian apparatus, the following temperature programme should 
be used: 

T_1.423.2. 

Step no. Temp. ("C) Tune (5) O ... lI<>w (Ilmin) 

1 120 20 3.0 
2 120 20 3.0 
3 500 30 3.0 
4 500 10 3.0 
5 1600 50 3.0 
6 1600 20 3.0 
7 1600 2 O.U 
g 2800 I 0.0 
9 2800 2 0.0 

10 2800 5 3.0 
II 40 20 3.0 

Anaexe 

1 Repeatability limit 
The absolute difference between two independent single test results, obtained with the 
same method on identical test material in the same laboratory by the same operator 
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using the same equipDlCllt within short intervals of time. should \lOt be greater Ihu the 
repeatability limit (r) 11$ adc:ulated (rom the formulae in Table 2.423.3. 

~ 2.m.3. RcpeatabiIityIo) ..... i."ododbilily (R) 1imiD. 

Pia_oil , .. 6.19M 8-0.30..-

2 RqmHludbiIiIy limit 
The absolute difference between two ~sJe test results. obtained with tbe same metbod 
on identical test materill in different laboratories with clift'etent operators usiDg different 
equipment. sbould not be greater than tbe reproducibility limit (R) as calculated from 
the formulae in Table 2.423.3. 

3 TIW1IDS (bills) 
The bias of tbe method was demonstrated iD the c:oIIaboraIiwl study of tbe metbod 
(see Table 2.423.4) to be negligible when used for the determination of CIOIlCIentradon 
levels of phosphorus iD the range of 10-30mg/kg. 

" Sensilivily 
Tbe seusilivity of the _tbod ill demonstrated by the low vUIes for r aDd R at tbe low 
conceJItration levels studied (see Table 2.423.4). the limit of detectioo is 0.1 mcIk& aDd 
the limit of determiDatioII is 1 mgikg. 

Interference by other dlllments is not to be expected. provided tbe _e_ilis are 
carried out at the wavelength specific for phosphorus (213.5 am). 

S StlIlirtictlllUltl othu .. dnived from tile _lilts of tile iIIIDIa6oIWIItory ,. 
The iDterlaboratoty test carried out at tbe internatioaal level iD 1989 by tbe IUPAC 
Commission on Oils. FIllS and Derivatives, in wbic:b 21 laboratories panic:ipeted. eadl 
obtaining two test resIIIIs for each sample. gave the stalisticaJ resuItI (enJu-=cl in 
~ with ISO S125·1986) summarized iD Table 2.423.4. 

~2.AUA. 

s-pIo; S l_aI 

IIoIic:Ic A (IoiaIi) B( ...... ) C(IgIr) 

_oI. ...... _ieon:tJlilollofta_ ....... _ 17 11 17 
_oI._~) 2 I I 
N_ol 00<i!pII0d ........ 32 34 34 

Meta ...... (IBIItIumpIO) 29.55 211.00 10.18 

TiIio or 00<i!pII0d ...... (I11II'I) 21.50 19.00 9.00 

RcpeatabiIity _ ......... (5. iD III&ik8) 2.30 1.611 Cl.91 
Repeatability RIoIive _ .... _ (CY, ill %) 7.8 8.4 9.0 

~Iy limit (,) (U )(.t) 6,45 4.71 2.56 

Rq>todudbiIiIy _ ........ (S. iA ms/kg) 3.51 2.33 1.24 
Repmdodbilily n:larive 0IliiId0Id __ (CY R in %) 11.9 11.7 IU 

Reprodoooibility limit (8) (2.8 x 5.) 9.82 6.63 1411 
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SAMPLING ANO ANI\1Y51S Of COMMERCIAl FAlS ANO OILS 

AOCS 0fIkiaI Melhocl Ca 13-56 

Total Gossypol in Oils 

D£RNmON 
Total Bossypol defines sossypol and IlOIS)'POI derivaIives,. bod! he and bound, in WI •• ! : : :I pmcI-
1ICI.$ that are capable of reactins with 3-amiIIG-l-pop8IlOI in dimcthylfOl1BlJllide solution to fcwm a 
diaminopmpanoI COD.pIa. wbidI then _ with aniline to form dianiliftosossypol UDder the COIIdi
lions of the test method. Gossypol. IlOIS)'POI analogs and gossypol derivatives bavins ... lMIilllble 
aldehyde moiety are meII$IIIl!d by the method.. 
SCOPE 
Applicable to cmde couoaseed oil and eouonsc:cd soap stock. 

APPAltATUS 
J. Water batll-for operation III 9S-1OO"C. with clamps 

for supporting so. and 2S-mL ~umetric flasks. MeaII 
washers may be placed over the necks of the flub for 
suppcn 

2. Specbop/lolor_-foroperation 111440 mn with l-an 
lish« path cu_ 

3. VoIume1ric flasb-ZS. SO and 100 mL. 

4. Pipets =1_A ~UI_ic.I.2.4,Sand IOmt.. 
S. FiIfer papeI'--IIlIldi.-Mty. J J em ill djM 1 

RfRIt ro AOCS 0Ff1OAL METHOD BA 8-78 FOR 
THE FOllOWING SECIlONS: 
Reasents (including slaDdanls).. I'repIIra1ioa of Sample, 
Sample Size. Procedure. Calibration. Calculations. 
Precision. Noles. 
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2.501 Det .. lDination of peroxide _Iue- (P.V.J 

Statistical evalualitla of results of study carried out in 1971 

Palmoil Rill ed oil Soya oil I SoyaailZ c-.atoil 

Number cI: I __ its 1 1 1 1 7 
Number cI: rmd1I 21 21 21 21 21 
Number cI: IaIJor-a IObIiDed 

aflerdelelioacl:_ 7 7 7 7 7 
Number of """"I'k>d ..- 21 21 21 21 21 

Mean value (mEqikc) 8.56 1.03 3.30 0.80 0.11 

RepcatabiIity $l8ildanl 
0.22 deviationt 0.16 0.12 0.011 0.011 

RepeatlIbiIiIy ..... tive 
- .......... (%) 1.87 21.6 3.62 9.S 73.3 
~y-

devia ..... ' 0.79 0.25 U1 0.18 0.14 
Lpooduocibility -... 

slUldord _ (%) 9.21 25.2 9.S 22.2 123.1 

Repeatability (r)' 0.45 0.63 0.34 0.22 0.24 

~(II)' 2.23 0.73 0.89 O.!II 0.40 

'El!:pRsood .. mEqJk&. 

• NotJ!: Method 2.!iOi requires the use of chloroform, wbicll is now ditcoura&ed in 
analytical laboratories. Reaml collaborative studies OJPDjzed by !be AOCS in wbidJ 
the peroxide values of lard, grocmdnUI, maize oil, linseed oil, rap en e ~ oil, soybeu oil 
and sunflower seed oil were deiermiDed using both dtIoroform and ~ have 
demonstIated that 'IIIere is good ~ c:oneIation between !be results for the two 
solvents'. Su~ the AOCS published (1990) its method Cd 8b-9O wbidJ IlleS 

iso-octane in flI- of cbIoroform. However, the precisioa of !be method is not Slated 
and it should be DOlled that !be procedure is not tedmicaJIy equiYalent to that oudioed 
in the IUPAC metllod 2.501. A Caution note in the lext of the AOCS method advises 
that iso-octane is toIic by ingestion and inhalation. 
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2.504 Determination of the p-anisidine value (p-A. V.) 

Scope 
This Standard describes a method for the determination of the amount of aldehydes 
(principally 2-alkenals) in the oils and fats. 

, 
2 Field of application 

This Standard is applicable to animal and vegetable oils and fats. 

3 Definition 
The p-anisidine value is defined by convention as 100 times the optical density measured in a 
1-cm cell of a solution containing 1.00g ofthe oil in 100 ml of a mixture of solvent and reagent 
according to the method described. 

4 Principle 
Reaction in an acetic solution of the aldehydic compounds in an oil and the p-anisidine (note 
1), and then determination of the absorbance at 350 nm, 

5 Apparatus 
5.1 IO-ml minimum test tubes, with ground-glass stoppers. 

5.2 25-ml graduated flasks. 
S.3 Automatic pipette or automatic burette, 
5.4 Spectrophotometer suitable for observation at 350 nm. 
S.S 1.00 (±O.Ol)-cm glass ceils, the two cells of each pair must be identical. 

6 Reagents 
6.1 lso-octane (2,2,4-trimethylpentane). optically clear (note 2). 
6,2 Glacial acetic acid. analytical quality (note 3), 
6" p-Anisidine, analytical reagent quality (note 4) 2.5 gil solution in glacial acetic acid (6.2) 

(noteS). 

7 Procedure 
N.R The sample should be perfectly clear and dry (note 3). 
Weigh 0,5-4.0 g of the sample, to the nearest 0.001 g, into a volumetricllask (5.2). Dissolve 

and dilute to volume with iso-octane (6.1). 
Measure the absorbance (Ab) of the solution at 350 nm in a cell (5.5) with the spectro
photometer (S.4), using the reference cell filled with solvent as a blank. 
Pipette exactly 5 ml ofthe fat solution into one test tube (5.1) and exactly 5 mlofthesolvent 

into a second test tube. By means of an automatic pipette (5.3) add exactly 1 mt of the 
p-anisidine reagent (6.3) to each tube, and shake. 
After exactly 10 minutes measure the absorbance (As) of the solution in the first test tube in a 
ceil (5.5) at 350 nm, using the solution from the second test tube as a blank in the reference ' 
cell. 

8 Expression of results 
The p-anisidine value (p-A. V.) is given by the formula: 

p-A.V. ~ 25 x (L2As-Ab) 

m 
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whereA,is the absorbance of the fat solution afier n:actioo with thep-anisidinereageut(6.3). 
Ab is the absorbance of the solution of the fat, m is the mass, in g. of the !at portion. 

Notes 
J In the presence of acetie acid, p-anisidine readS with aldehydic hMIIfW"'nds in oils or fills.. 
The intensity of oolour of the yellowish reaction pmducIs formed dept ' •• DOt OIIIy 011 the 
amount of aldehydic compounds present but also on their structure. It bas '-n fouod that a 
double bond in the carbon chain _jugated with !be carbonyl double bond iDa:eml the 
molar absorbance four or five times. This means that 2-aIkenaJs. espedally. will_tribute 
substantially to the value fouad. 
2 In most cases n-heu.ne can be substituted for iw-<K:tane as solvent. However. oils 
containing high amonulS of ollidized fatty acids will DOt dissolve compIetdy in n-he-.. For 
such oils iso-octane sbould be used as the solvent. 

The absorbance of the solvent used (iw-<K:tane or .... he-.). -.red in a 1.0Ikm cdI 
between 300 and 380nm. most be nil or nearly nil. Thecommen:ial prod_am be&eedfrom 
absorptive material by percolating it through a glass column (3-5 em intemal diameter._ 
100 em long) fiJIed with silica gel. 
3 The reaction between p-anisidine and aldehydes involves the formaboa ofwater. 
Henoe. the presence of moisture in any of the reagents or in the sample leads to i-.lipIete 
readion and, consequently, low values. . 
Since gIadaI_tie acid is hiably hyposcopi<; it is essential to c:hedtilS muislwe_t by a 
Karl FISCher detennination.lf the _tent evecods 0.1 pet cent. the acetic acid _ be 

discarded. 
4 In storage. p-8IIisidine teDcIs to darll:en as a result of oxidation. A diswhaed IUf&CId em 
be ml .. eel and deeoIorized in the following _y: 
Dissolve 40 g of p-anisjdjne in 11 of water at 1S"C. Add 2 It of sodium sulpbite _ 20 It of 
active carbon _ stir for 5 minutea. Then filter through a double 1iItet.-per.lf carbon.
throuah. repeat the filtration. 
Cool the filtered solution to about O"C. AIJow to stand at this tanpeaalUlC for at least 4 hours, 
or. preferably. overnight. Filtes'off the crystaI1iud ,............ine _ .... with a I11I8II m _ 
of water at a tanpeaalUlC of about O"C. 
Aftetdryingin a vacuum desiccator. transfer theCtyStalt into a browD .... bonIe.lfstored in 
the dark _ at low temperature. the aystaIs obtained sbould DOt darII:en appIcciabIy durins 
lyear. 
S Reagent solutions having In absorbance sreater than 0.200 whom m I lied in a 1.0Ikm 
cell at 350 DZ against iJo.oI:fane or .... hexane as a blank sbould be dillcaaded. 
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2.506 Determination of stability (the modified 'Swift test') 

Scope 
This Standard describes a method giving an indicalion of the stability to oxidation of oils and 
fats during storage. 
The test measWl\S th'; time in hours required for a sample of oil or fat aerated under carefully 
controlled conditions (aI98.0±0.2°C) to reach a peroxide value of 100 (in milliequivalents of 
active oxygen per kg of fal). 
This figure for the time is regarded as an index of the resistance of the fat to autoxidation. 

Field of application I 
This Standard is applicable to all oils' and fats of low acidity, of animal or vegetable origin, 
whelher or nol they contain antioxidants. It is not applicable to free fatty acids. 

~ciple I 
Bubbling of air at a controlled flow in the fat or oil maintained al 98.0±0.2°C, then 
detennination of the peroxide value at carefully determined times. Estimation of the time, in 
hours, for the obtainment of a peroxide value of 100. 

Apparatus 
Bath or beating apparatus capable of maintaining a constant temperature of 98.0±0.2°C. 
This must be controlled by a daily check of tbe temperature of a sample of oil or fat in a test 
tube, placed slII:CeSSively in the various holes in the lid under the conditions of test (air
bubbling). During the determination, the temperature must be measured in a test tube 
containing the prescribed amount of a mineral oil which is stable under the test conditions. 
Air-distributing manifold constructed of stainless steel, ruckel, aluminium or glass. The 
capillaries must be calibrated to permit the same flow (to within ± 10 per cent) through each 
outlet when the total flow is adjusted to 2.33 ml per tube per second. 
Air-purification train (see Fig. 2.506.1) comprising: 
(Al Air inlet tube from a source of compressed air, equipped with a stainless steel needle 
valve. 
(8) Cylindrical wash bottle, 375 mm tall and 50 mm external diameter, containing distilled 
water. 
(C) Cylindrical wash bottle of the same size as (B), filled 10 a depth of about 25 em with a 
solution of 2 percent of potassium dichromate in 1 per cent sulphuric acid. The solution must 
be replaced aft..-n hours of continuous use. 
(D) Cylindrical wash bottle of the same size as (8), filled to a depth of about 25 em with 
distilled water. This must be replaced with fresh distilled water as soon as any yellow tint 
appears. 
(E) Water-cooled Allihn condenser with five bulhs, 300-mm jacicet. 
(F) Trap comprising a wide-mouthed 5OO-ml flask, filled with glass ~. 
(G and H) Pressure regulating hottles, comprising hottles of the same size as (B) and 
containing distiled water. The pressure may also be regulaled by means of a pressure
regulating valve. 
(J) Air·distributing manJfold (4.2) . 

• .4 Source of low pressure, clean and oil-free compressed air. An individual air compressor of 
Ihe pislonless, diaphragm type is preferable to the use of industrial compressed air. 

4.; Thermometer, capable of measuring temperature 10 within O.loC between 95 and 105"C. 
4.6 Gas flow meter, preferably of the calibrated cone type. 
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G F o 

4.7 2Sx2OO-mm test tubes of Pyrex glass. It is advantageous to cahOrate tbeise wills. mart. at 
the 2O-ml _I. Each tube is fitted willt a neoprene stopper wills two MIes lIIId aD 

aeration tube (see Fig. 2.506.2). The tube used fot temperature control must, 
additionally, be able to take the lItermom.eter (4.5). 

u Oven. regu/iIted at 103±2"C. 
4.9 Equipment for the dctennination of the peroxide value (see 2.5(1). 

5 Reagents 
S.I Light petro~, analytiQl reagent quality. b.p. 4O-00'C. 
S.2 Acetone, 8lIIIyIical reagent quality. 
5.3 Detergent suitable for cleaning the apparatus, which mU51: not leave any eoataminatin& 

residues. 
5.4 ReagentsJot the determination of lite peroxide value (see 2.S01). 
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6 Procedure 

6.1 Cleaning of the test tubes and aeration tubes 
It is essential that the test tubes and the aeration tubes (4.7) should be most thoroughly 
cleaned and free from 'any traces of organic and inorganic matter (especially traces of 
metals). 
After cleaning with light petroleum (5. I) and acetone (5.2). it is advisable to wash all the 
tubes with near boiling detergent solution (5.3), and to rinse very thoroughly. 
Dry in an oven (4.8) at 103 ± 2"C, and store in a dust-free location. 

6.2 Determination 
Prepare the sample according to 2.001, 'Preparation of the sample'. 
Introduce 20ml of the prepared sample into each of two perfectly clean test tubes (4.7). 
Do this in such a way that none of the fat comes into contact with the upper part of the 
tube and consequently the stopper. 
Fit the aeration tube and adjust it so that the tip of the air-delivery tube is 5 em below 
the surface of tbe test portion. 
Place the assembled tube containing tbe test portion in a vessel containing boiling water 
for 5 minutes. Remove the tube, wipe dry and place immediately in the constant
temperature heater (4.1) maintained at 98.O"C. Having previously adjusted the air-flow 
rate, connect tbe aeration tube to tbe capillary on the manifold (4.2) and record tbe 
starting time. 
A short time berore the expected end-point is reached (note 1), determine the peroxide 
value according to 2.501, using I test portion of 0.3 g. 
If the peroxide value so determined is above 175m.e.q., the test portion must be 
rejected, and another determinalion started (note 2). 
If the peroxide value obtained is below 75m.e.q., estimate tbe time at which a figure of 
75 m.e.q. would be expected, and at that time do a peroxide determination on a fresh 
test portion of 0.3 g. This will alford the first figure to be recorded. 
Determine the peroxide value again on another test portion of 0.3 g taken from the same 
test tube exactly 1 hour after the first one. This affords the second value to be recorded. 
The two figures so obtained for the peroxide value must fall between 75 and 175 m.e.q. 

7 Expression of results 
Taking the reaction times as abscissae, plot the two values of the peroxide value as 
ordinates on 2-coordinate grapb paper. 
Join the two points by a straight line. The lltallllity ~tl!clf alae liIIil8'fin ~at·· 
which this line cuts the ordinate ror 100. 
Repeat the wbole operation with the seCORd test portion and calculate the average of tbe 
results in bours (to the nearest whole number), 

8 Notes 
1 After some experience, the approach of the end·point can be estimated from the 
odour of the effluent air from the tubes. 
2 It is desirable to beat and aerate the test portions continuously until the end-point. 
When this is not practicable, remove the tube from the heating bath, chill it immediately, 
and Siore it at below 10"C, until the test tube is carried on again, starting as from 6.2, 
'Place the assembled tube containing the test portion in a vessel containing boiling water 
for 5 minutes .. .'. 
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2.507 Determination of polar compo""'" In frying fIIt8 

I Scope 
This Standard describes a method for the determimdiou of polar compouods ill fryiDc 
fats. Polar rompounds are,t,ormed during the beatiq of f'als. 

FIeld 01 appIk:atioB 
This Standard is apptialble 10 animal and vegetable oils and f'als. The method __ to 
assess the deIerioratioo of used fryiDc fats. 

Polar rompounds are tbose rompounds in'fals which are delennioed by ml"ma c:bromat
ography under the oonditioDs specified (note 1). 

PriadpIe 
Separation of fryiDc fats by column chromatography into IIOIl-JIOlar aacl polar c0m

pounds. Elution of the non-polar rompounds. Determination of polar compouods by 
caleulatiq the difference between weight of the aample added to the coIuma aacl that of 
the non-polar fraction eluted. 

5 Apparatus 
S.I 2SO- and SOO-mI round bottom flasks with 8JOUIId nccts. 
5.2 lllO-mi beaters. 
5.3 Ground-&Iass stoppeP to fit the SOO-mI flasks (S.1). 
S.4 Chromatographic glass column. 21 mm internal diameter, 4SOmm ill 1coJth. with stop-

roct (preferably in polytebaftuolethylene). aacl JJOUDd-gIaa joint. 
5.5 2SO-m1 droppiD& fmmeI. with pouud-gIass joint to fit the roIuma (5.4). 
S.6 Glass funnel. about San ill diameter. 
5.7 Glass rod,...about (jOan in 1eDgth. 
5.8 SOomI volumetric: flask. 
5.9 2I).mJ voJumetrie .pipette. 
S.1Il 2-p! capillary pipettes for lbiD-Iayer chromatography. 
HI Glass plates for thiD-Iayer c:bromatoJnIpby. 20 x 2Oc:m. coated with silica gel (witboat 

ftuorescence iDdic:ator). 0.25 DIm layer thickness. 
5.12 Glass developing taIIk for thiD-Iayer cIuomatography. with ~ lid. 
5.13 Spray for thiD-Iayer dIromatography. 
S.W Porcelain diIII, about 2Oc:m in di ....... er. 
S.IS 0vCII nIpIated at 103 :t 2"C. 
5.16 Dryiq 0YeII controllable between 120 aacl lliO"C. 

5.11 Water bath. 
5.1' Desiccator, ooataining a suitable cJesimmt sUdt 1II silica gel with moisture iIwIi.:_ (blue 

gel) •. 
5.19 Apparatus for removing solvent under _um. e.,. rotary evaporator. 
S.:ZO Shaking madrine. 

, Reagwb 
6.1 Light pelrOleum (b.p. 4O-6O"C). chromatographic quality. redistilled. 
6.2 Ethanol, 9S per cent (VN). 
6.3 Chloroform. pure. 
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2: OILS AND FATS 

6.4 Diethyl ether, free from peroxides and residue. 
6.S Acetic acid, 100 per cent. analytical reagent quality. 
6.6 Elution solvent: mixture of light petroleum (6.1) and diethyl ether (6.4), 87/13. (V/V). 
6.7 Developing solvent: mixtdreoflighl petroleum (6.1). dielhylether (6.4) and acetic acid (6.5). 

70/30/2, (V/V/V). 
6.8 Silica gel. particle size 0-')63-0.200 mm (70-230 mesh). Merck N° 7734 or equivalent, 

adjusted to a water content of 5 per cent (m/m) (note 2). 
6.9 Phosphomolybdic acid, analytical reagent quality, 100 g/l solution in ethanol (6.2). 
6.10 Sea sand, purified by acid calcined. 
6.1! Cotton wool, surgical quality. 
6.12 Nitrogen, 99.0-99.8 percent. 

7 

7.1 

1.2 

Procedure 

Preparation of the sample 
Remove visible impurities by filtration after homogenization. If water is present, use a 
hydrophobic filter paper. 
For semi-liquid and solid samples, warm to a temperature slightly above the melting point 
and homogenize carefully, avoid overheating. 

Preparation of the column 
Fill the column (5.4) with about 30 ml of the elution solvent (6.6). Introduce a wad of cotton 
wool (6.11) into the lower part of the column with the aid ofa glass rod (5.7) and remove air 
by pressing the wool. 
Prepare in a beaker (5.2) a slurry of 25 g silica gel (8) in about 80 ml of the elution solvent 
and pour this slurry into the column with the aid of the funnel (5.6). To ensure complete 
transfer of the silica gel into the column, rinse with the elution solvent. 
Open tlie stopcock and drain off the elution solvent into a second beaker (5.2) until the level 
of the elution solvent is 10 em above the silica gel. Level the silica gel by tapping against the 
column. 
Add about 4 g of sea sand (6.10) witb the aid of the funnel. Drain off the supernatant elution 
solvent as far as the sand layer (note 3). 

7.3 Column chromatography " 
Note. For the determination of polar compounds, the oon_pehlf'ftc .lIsa .' \lui _"'"
However. if the efficiency of the fractionation is assessed by thin-layer chromatography or by 
recovery of the sample, the polar and non-polar fractions are required. 
Weigh, to the nearest 0.001 g, 2.5±0.1 g of the sample prepared as (7.1) into a volumetric 
lIask (5.8). DissOlve in about 20 ml ofthe elution solvent (6.6) while wamting slightly. Allow 
to. cool to room temperature, and IiU up to the mark with the elution salvent. 
Introduce with a volumetric pipette (5.9) 20 ml of this solution onto the column prepared as 
(7.2). Avoid disturbing of the surface (note 4). 
Dry two 250ml flasks (5.1) in the oven (5.15) at a temperature of 103±2"C. Allow to cool to 
room temperature and weigh accurately to within 0.001 g. P1aee one of them under the outlet 

of the column. 
Open the stopcock and let the sample solution drain off to the level of the sand layer. 
Elute non-polar compounds with 150 ml of the elution solvent (6.6) using a dropping funnel 
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2: OILS AND FATS 

(5.5). Adjust the flow rate so that 150mlpuses Ihrousb theoolllIDnwiIIIiD (iO-iOmin. 
After completion of the elution, wasil any substance 8IlIIering to the ou*t of the cotunm into 
the ftask with the elution solvent using a pipette (S.9). 

If the polar COIIIpOUIIds,are mpUred, elute them into a second 250 m1*'1 fIaIk with 150 mI 
diethyl ether (6.4) as described before. 
After rompletills the elution, the siJk:a JeI is di!IcanIed. 
Remove the solvent from the lIask(s) with the aid of a rotary evapor_ (S.19) using a water 

bath (5.17) at a tempe!ature 110 biper than 6O"C. A"VOid losses due to , 'Pc (_ $). 
Shortly before the end of the di.stiIIaIion, introduce IIitro&en (6.12) _ the system. Weip 
the fIask(s). 

Esplession ofnsalts 
The rontent of polar compounds. in pe.- cent (mlm), is P-by the lot ' . 

m-m, xlOO 
m 

where: m, is the mass, in g, of the non-poIar fraction, m is the ...... ia .. cI. the sample 
contained in 20 mI of the solution added to the roIumn.. 

1'IIia-layer cbnMna .... apbk 55 T ..... of 1)1 .... i I rq 
The efIidency of the fractionation can be = e cI by thin-layer dI.. s : .... 1 (-6). 
For the thin-Jayer c:bromatoJraphk iavestiption prepare 10 per _ ~ cI. the 
substam:es in daIoroform (6.3). and apply 2 ,.J spots OIIto a pIare (5.U) using a Clipi'll,! 

pipette (5.10). 
Line the developing tank (5.12) with filter papa: to adIieve 1IatUration. JIIce the pIare in the 
developing tank and c:arry out the dew:Iopwent with the de1Iel.:ljlilj, __ (6.7). NonaaIIy, 
after 35 min, the solvent front a ___ to alJci&htofabout i7 em. R __ theplareaadaUow 
the solYent to evaporate. 
Spray the plate with the phosphomolybdic acid solution (6.9). AftcI'IN¥* ..... ot ....... ", 
beat the pJateia tbedryinaoven (5.16) at J.2O.-13O'C. &ane'8i ..... _fi&. 23J7.1"'.'" 
a dtroinatoram obtained after fractinnatioa of a fJyina fat into iudi,idwoI _b .. 

I. Notes 
1 The polar compounds include polar substances sucbaiiiOllOjllyeaidero,di&l,..-' fmo; 
fatty adds wbicb occur in IIDIIIICd fatus well as poIartraDSfOlmation pw....... Ie f cIariII& 
fryina of foodstuffs and/or durin& beating. Non-poIar .... If ........ _ IIIGIIIIy --.cd 
IJi&lycerides. 
2 Place the siJk:a ad in the pDI1leIain ~ (5.14). dry in aa _ (5.16). l6O"C for at least 
4 h and 0001 in a 11 . c; alar (5.18) to room tempel_tun!. Adjllot the ... JeI to a _ 

IXIIItentofS pe.-ceIIt: e.g. wei&IIlS2 gofsiJk:aJeland8gof_inaSOO.aflalk(S.1). Close 
the flask with a stopper (5.3) and sbate medaanicaDy with the aid of die Mati .. madaine 
(5.20). 
3 The excess solvent mixture drained off should not be used for elution. 

4 For falS rontaioing low amounts of polar components the amount of.uple added to the 
rotumn can be raised from 1 up to 2 g. 
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5 If a rotary evaporator is not available the elution solvent can be evaporated on a steam • 
plate under a stream of nitrogen. • 
6 The efficiency of the fractionation can also be assessed by checking the recovery of the 
sample. For samples con~ning greater amounts of polar material, recovery of the sample . 
may be incomplete. This is due to small amounts of highly polat material, generally not more I 
tban 1-2 per cent, which is not eluted under the conditions speCified. 

WarniDg 

Chlorofonn 

~ . 

0 0 0 

~ 
~ 

2 2 
Fraction 

I: Non-polar compounds 

2: Polar compoundS 

2 

FIc·l.SO'1.I. 

Even at moderate concentrations chloroform vapour tends to produce gradual fatigue and 
headaches. 
Following exposure to excessive concentrations or repeated exposure to lower (Xmeen
trations jaundice may ensue after an interval. Continued inhalation of suh-narcotic doses 
may lead to chronic deterioration of organs. 
The strong degreasing action of liquid chloroform on the skin produces bums and cracking. 
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2.508 Determination of polymerized triglyce ..... 1n 0Ir. ..... 
fats by high perfOi ..... nce liquid chromatognlphy 

Scope 
This Stimdard describes a method 10 delermille the polymerized lrigl)lZlides COIIteIIt in 
oib and fats wbidJ COIIIain noIless than 3 per cent (mlm) of these polymer$. 

Ji1eId of applicadoll "' " 
This method is applicable ·to any kilId of falS and oils, healed or DOt. It CIII also be 
applied to the determinatioll of polymen in animaI·feed fats. 

Priadple 
Dissolution of the sample in a suitable solvent and !IeplUatioII of the polymerized IJi.. 
g1)1Z1ides by gel penneation c:hromatography aa:ordiD& to molecular m. 

Ap~ . 
Solvent reservoir of about 2SOnd of c:apadty with a JIIObiIe..p1we liner filter (pote size 
I pm). 
HPLC pump, puIaeIess, with a flow of 0.7-I.Smllmin. 
Injection valve with a 100pi loop and a suitable syringe with • WlIume of SO--IOO pi 
(Rheodyne or VaIco). 
Stainless ItCeI column: 300mm in length 7.7mm internal diameter, pKked with a hi&b 
perfol1l1llllCe spherical gel made of styIene-divinytbenzene oo-poIymer; djn¥ tel of tbe 
particles: 5pm; pore m: 100..\ (0.1 am) of the equivalent in terms of aeIusiOII pc:noer 
and resolution. 
The storage of sud! column must be acIIiewd in toIneDc. 
Detector: refractive index detector with a sensitivity at full scale at least 1 x 10"" of 
refractive index. 
Recorder andlor integrator: to aJJow diaplay and aa:urate qllllatification of tbe peak 

ReaLccJs 
Tetraliydrofuran, analytical grade. 
Tolnene, analytical grade. 

PnIudure 

Starting up HPLC equipment 

'. 

It is ad¥isable to follow can:fuIIy the JIIlIIIIIfactur's f8QWiW 0' iIatioaa. SwifdI 011 tbe 
system and pnmp tetraliydrofuran at a rate of 1 mIImin to parJe tbe wIIoIe system up to 
tbe injection valve. Connect tbe column to the injection valve and .... it willi aIJont 
30nd of tetraliydrofuran. Connect the column to the sample cell of tbe deIce 101. Fill tbe 
lCfenlllc:.e cell with tbe tetraIiydrofura. Adjust the mobile phase flow to O..ll-l.Omllmin. 
Wait uti! a cc:mveniciIIt stabilization of the system (DO aJlPiec:iable dc'fiatioa of tbe 
baseline) is oI!IainC:d (_1). 

PreParation of the samples and analysis 
As the samples may contain mspended particles, resulting in tbe Nodage of tbe porous 
fritted filter at the top of the column, it is ad¥isable to filter them before injection. 
Filtration CIII be quic:kly and effectively realized with a I-pm pore m filter <_ 2). 
The samples must be anhydrous. If not, they must first be dried <_ 3}. 
Weigh about SOmg of fat and add 1 nd of tetraliydrofuran. HOIIIOFJIize. Take willi tbe 
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syringe SO-100 ttl of that solution. Fill the injection loop. Inject and switch on the 
integfatof. 
With a mobile phase How of 1 mlimin, the aaaJysis time is about IOminutes. 

Results 

Qualitative analysis 
The chromatographic pattern of the determiDation may show a main peak representative 
of monomeric triglycerides (mol. wI. about 9(0) and one or sevellll: dillltlbf'Jleaks with 
a shorter pattern retention distance than triglycerides, representative of polymerized 
triglycerides (dimers and upper oligomers). 
Reference should be made to the three typical chromatograms presented in Fig. 2.508.1. 
Under suitable conditions, triglycerides and polymerized triglycerides can be sepuate4 
ynth good resolution (I and II) even at low levels of polymerized triglycerides (I). 
However, in some cases, which seem to be connected to the complex degradation 
phenomena (hydrolysis), the peak pattern preceding the triglycerides peaks may be 
less clear (III), with consequent difficulties ill calculation. 

Quantitative analysis 
The calculation is achieved by the internal standard method, assuming that all com
ponents of the sample are eluted. 
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2: OILS AND FATS 

The polymerized triglycerides amteDt can be cak:ularecl usiD& the fonIUIa: 

%I'TG '" API'O X 100 
EA , 

wbee: 
%I'TG is the percentage of polymerized triglycerides 
API'O is the sum of areas of the polymerized trigIycerides peab 
EA is the $UJI1 of areas of all peaks. 
For <:ak:uIating Apro, two cases are p<&I1IIe: 

(a) Good rerolulion iHItwftn pt1IIkJ (R > 1) (similar to I aad 11). Tbr: ...... metbocIs 
Of integration (manual and eJec:tronic) can be uaed to calculate indiYicNlllIICI total areas. 
(b) Poor rerolulion iHItwftn pt1IIkJ (R < 1) (similar to m). 
It is assumed that all componeulS eluted before drr (see below) .. JlOIJ_ized tri
glycerides. 
Tbe resolution is cak:ulatcd from: 

if 
R--

(0 

where: 
J is the distance, in mm, between the peak maxima of the lIOII-pOIyil&lized ~idcs 
peak (TO) IIICI the adjaceur polymerized trigIycerides peak 
(0 is the width, in mm, of the trigIycerides peak at the ""'dine, m= ed betw ua the 
poiDta of the intenec:tioa between tanaenIS aad bar. 
drr is the retentioII disIuc:c, in mm. from the bctIinni .. of the ( hi ~ to tile 
peak maximum for trigIycerides. 
Using elemouie integration, the integrator baa to be eareIuIIy •• ed (betw_d 
borimntal integration) to integrate all the surfaces induded beta ealbe curve aad tile 
baseline .. lf a manual tedllUque is uaed, it is nee '7 to determia the tri&lycelidcs 
peak ... by triaDguIation. 
Espress the r-.ilts to ODe decimal pIaoe. 

QuaIity.........:e 
For gateI'IIl priJtcipIa of analytical quality control. see tile IOCCioa 011 QrMIIiq ~ 
in the inttodoctory part of the CompmditIm of SIMdiud Mt!tIttxb. 
For sp«:iJk ~ of ualytical quality control, see the ~ to dIis staadud 
method. 

Notes 
1 If the compositioII of the column is • ,indjcatcd, au ac:cepcabIe .J.1jzatjM of tile 
system should be obtained in about IS minutes. With otbei column (_.. p. the SIabiJ.. 
izatiOn of the system may be more difticult: for example. m'." Ibe mobile phaIe 
should be done stepwise from toluene to tembydrofuran. with dilfmeal mhtuies, each 
time 2S per _t higher in tembydrofuran. Aa:eptabIe stabilization is -.JIy obtained 
in about 12 houts. 
2 The sample can be filtered witll a 1-pm pore size filler made of poIJtettalluoro
ethylene or cellulose eaters. Syringe disposable filter uoilS are available from mu ... 
fac:turersof HPLC equipment, 
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3 Samples tbat may contain water must first be dried: dissolve SO-loomg of tbe sample 
in I mI of tetrabydrofuran. Add 50mg of anhydrous sodium sulphate, shake, and leave 
for about 2 minutes. Filter upper layer through a I-I'm pore size filter. 

Annexe 
" ": 

1 Repeatability 
When the mean of the values obtained from two single determinations carried out in 
rapid succession by the same operator, using the same apparatus under the same 
conditions for the analysis of the same laboratory sample, lies witbin the range of the 
mean values cited in the table below, the difference between the two values obtained 
should not be greater than the repeatability limit (r), which can generally be deduced by 
linear interpolation from the values in the table below. 

2 Reproducibility 

I 
I 
I 

When the values for the final result, obtained by operators in different laboratories using I 
different apparatus under !be same conditions for the analysis of the same laboratory 
sample, lie within the range of the mean values cited in the table below, the difference 
between the values for tbe final result obtained by those operators should not be greater' I 
than the reproducibility limit (R), which can generally be deduced by linear interpolation 
from the values in the table below. 

3 Results of Ihe inrerlobora/ory tests 
Two interlaboratory tests carried out at an intemationallevel in 1986-87 by !be IUPAC 
Commission on Oils, Fats and Derivatives, in which 10 and 17 laboratories participated, 
each obtaining two test results for each sample, gave the statistical results (evaluated in 
accordance with ISO 5725-1986) summarized in Table 2.508.1. 

TIIIIIe l.!N.1. 

Number of laboratories 
Numlior of 1 __ .. !aiDed after 

eliminating outlier$ 
Number of acoopted ..... I .. ·c 

Mean val ... (_tqeof __ ..... 'IIj· 

Ropcatabitity standanl_~· 
Repeat.biUty relative s!alldotd deviation' 

Repeatability limit (r)· (2.8 x S,) 

lleproducibmty standanl deviation (S,,)· 
Reproducibility relative standard deviation t 

'Reproducibility limit (R)O (2.8 X S.) 

Sample 

A 

11 
15 

:lO 

1.8 

0.1 
0.1 

0.3 

0.4 
23,7 

1.2 

B 

10 
9 

18 

2.4 

0.1/1 
2.8 

0.19 

0.61 
25.9 

1.7 

• Expressed as percentage of total triglyceridcs; t coefficient of variatioR. 
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10 10 
HI 16 

20 32 

l,6 5.2 

0.12 0.1 
3.3 2.3 

0.34 0.3 

0.45 0.3 
12.5 6.7 

1.25 1.0 

17 16 
10 16 

20 32 

7.2 9.7 

0.37 0.3 
S,2 3.2 

Ul6 0.9 

2.14 0.4 
29.8 4.6 

6.05 1.3 

HI 10 
15 10 

:lO 20 

10.0 22.0 

0.2 0.18 
2.2 0.8 

0.6 . ...0.51. 

1.2 1.48 
12.2 6.8 

3.5 4.2 
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2.803 Determination of ............ ,1111 •• of lid." 
(modiflad KIIrt FI8char method) 

Scope 
This Standard desaibes a method for tile determination of small quutities of _ in oils 

and fats by a modified ~ F'15dJer method. 

F1eId 01 application 
This Standard is applicable 10 animal and vegetable oils and fats when tile _t of_ 
present is so small that tile methods 2.601 and 2.602 are not sufficielltly precise. 

PJiBdple 
Reaction between water. iodine and sulphur dioxide in tile pn:se1ICIC of an .bhnlir-lIydroJ.yl 
group and pyridine: 

H.O+l.+SO.+3C.H.N+ROH ..... 3CsH.N++21-+RSO •• 

Apparatus 
lSO-ml coniQIJ lIasks. 
1-1 brown glass bottles • .ntb ground-sJass stoppers. 
lOO-ml8f8duated measuring cylinders. witbflPlWld-8lassstlOfJl'el1l. 
25-ml automatic: bnrette. protected from atmospbere IIlOistuR by a IIIiIabIe ddijdiant. 
25-ml8f8duated pipette. 
Rubber stoppers. without holes. to fit tile IJasb (4.1). 
Rubber stoppers. 10 Ilt tile flasks (4.1): pien:e one hole in cadi stopper in !IIIICb a_daat 
tbe delivery lip of tile burette (4.4) can be insened 10 reach 10 below the stDppei •• d '1AII1 
is fitted in a seoond hole 10 dIy any entering air. 
Rubber bulb to fit tile pipette (4.5). 

Rn&eats 
MetbuOl.lIIIhydrous. 
Chloroform. pure, 
Pyridinll, anhydrous. 
Sulphur dinDde. anhydrous. liquid. 
Iodine, pure. 
Solvent miature: nlixture of dIJoroform (5.2) and methanol (5.1). 311 (VIV), SUInId in • 
bottle (4.2). 
Sohdimt A: dissolve 90 g ofiodine (5.S) in methanol (5.1); m.tellp 10 II willi awd oJ; tIIOIe 

tile solulion in • bottle (4.2) at a tempelature not Q-=diIII 4"C. 
Solutio" B (1fOk 1): mix4.50mlofpyridine (S.3)and4.50mlof-m-ol (5.1) •• IJottIe (4.2); 
cool to ahout 4"C and • .ntb tbe aid of a glass bubblinl-tube, dissoIw: in it •• little at • time •• 
total of90g ofsutpburdioxide (5.4). Proteq tile IIask from tile entry of a." • .,w.ric:moisture 
during tbe operation and as far as possible maintain it at below 4"C by .. ieotiic tile ally of 
the las whenever the temperature shows a tencIenty 10 rise. 
As soon as tile addition of tile sulphur dioxide is complete _ tile bubbler. slOppI:i tile 
flask. mix well. and keep in a refrigerator at about 4"C. 
Solution C (reagent): immediately before use pour off tile desired 1IOIume ofsolutioo A into a 
graduated measuring cycJinder (4.3) and stopper it. 
Pour into another graduated measuring cylinder (4.3) an equal soIutioo of solution B. 
Stoppedt. 
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l 
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Place both cylinders in a bath of melting ice for about 15 minutes. With the aid of filter paper, i 
dry the stoppers and upper parts of the measuring cylinders SO as to eliminate all traces of 
water which may have condensed thereon during their stay in the ice bath. In one operation • 
pour solution A into's<>lution B and immediately SIopper this measuring cylinder B. Shake L 
well. 
Allow to reach room temperature. 

Procedure 
Throughout the determination great.care must be laken to avoid the entry of atmospheric I 
moisture. 

Calibration of the reagent (5.9) 
With the aid of a rubber bulb (4.8) pipette out exactly 25 ml of the solvent mixture (S.6) into a 
flask (4.1). Fit a stopper (4.7) and titrate whilst stirring (a magnetic stirrer is recommended) 
with the solution C (5.9) until the colour changes from yellow to orange-red. 
In another flask (4.1), accurately tared to within 0.(0)1 g, put a drop of water (",ne 2). Note, 
in g, to within 0.0001 g, tbe rise of mass. Immediately pipette exactly 25 ml of the solvent 
mixture (5.6). Titrate whilst shaking as described above. 
The correspondence A, in g of water by ml of reagent C, is given by tbe formula: 

A = m. 
VI-V. 

where V. is the number of ml of tbe solution C used with the solvent alone, VI is the number of 
ml of the solution C used with the solvent and tile water added, m. is the mass, in g, of the 
water added. 

1 
I 
I 
1 

Det~rmination of the water content of fats 
Into a flask (4.1), tared to within 0.005 g, weigh accurately, to within 0.005 g, 5 to 20 goffat.I 
With the aid of the rubber bulk (4.8) and the pipette (4.5) pipette into the flask exactly 25 ml 
of the solvent mixture (5.6). Dissolve by shaking and titrate with the solution C (5.9) while 

f 
shaking continuously as described in (6.1). " 

Expression of results " 
The percentage (m/m) of water present in the fat is given by the formula: 

lOOX(V-V.)XA 
m 

where V is the number of mt of the solution C used in (6.2), V. is the number of ml of the 
solution C used in (6.1) for the titration of25 ml of sot vent alone, m is themlllli.jp., .. {)f~ 
test portion. 

I 
1 

8 Notes 
1 The preparation of solution B is rather difficult because the sulphur dioxide gas has to be l 
dissolved in the liquid. Operators are advised therefore to employ commercial preparations 
of A and B when these are separately available: these must he stored in a refrigerator at about 
4°C. The mixture, solution C, should be prepared as indicated above immediately before use. 1 
228 
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A single re8/lent solution. with a somewhat different ..... positioa. is also lmIiIabIe com
. merciallyand this may be u1iIized instead oftbe mixed ~ 
2 For tbe calibration of tbe ragetIt a bydrated erysraIIine salt (sodium laibide. sodium 
acetate) may also be used i\lstead of a drop of water. 

Chloroform 
Even at moderate concentrations chloroform vapour teods 10 produce gradual fatipe aad 
headaches. 
FoUowing e.,osure 10 exc:essive cooeentrations or '. a4ed eIpOIIIIleS 10 lower CIJIIClI!Il

trations jaundice may ensue after an interval. Coolinued jnhalarinn of sub-t.wdc doses 
may lead to chronic deterioration of organs. 
The strong degreasing action of liquid chIoJoform 011 the skiD jOlIoduccs bumsaad CI ........ 

Pyridine 
The danger from CJUde pyridine is greater than that from J!'IIfC. the a.ociated IIomoIcipes 
and impurities being generally more IOldc than pyridine itself. Odour aad iuilliliou furnish 
clear warning of vapour concentrations likely to be daJlaelous. 



1 

2 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 
3.9 

.. 
4.1 

4.2 

4.3 

4.4 

4.5 

4.6 
4.7 

4.9 

5 

5.1 

2.631 Determination of copper. iron and nickel by direct 
graphite furnace atomic absorption spectrometry 

Scope and field of applicadon 
This Standard describes a method for the determination of trace amounts (ug/kg) of 
copper, iron and nickel in all types of crude or refined oils and fats, including con
taminants from bleaching' ~arth andlor catalysts. 

Principle 
Vaporization of the oillfat in a suitable graphite furnace connected to an atomic absorp
tion spectrometer, previously calibrated using standard solutions of organocompounds of 
copper, iron and nickel. Measurement of the metal content from the observed absorp
tions at selected wavelengths. The elements are analysed sequentially. 

Apparatus 
Polyethylene or poJypropyJene-capped bottles, 20 and SOml, metal-free (IIOte 1). 
Micropipettors, 20 and SO ,III. 
Pipeltor tips. 
Atomic absorption spectrometer, equipped with either 'peak height' mode and printer, 
or 'continuous' mode and pen-recorder (full-scale response in 0.2 seconds), together with 
appropriate hollow cathode tubes and deuterium background corrector. The spectro
meter should be located in a dust-free atmosphere. 
Graphite furnace atnmizer (equipped with facilities). 
Graphite tubes for use in a furnace atomizer (3.5). 
Chromatographic columns (diameterlheigbt ratio 1110) (IIOte 2). 
Electric oven, regulated at 60 ± 2°C and suitable for heating at ISO-C. 
Water bath. 

Reagents 
n·Heptan.e, analytical grade. 
Light petroleum, h.p. 4O-6O"'C, analytical grade. 
Sunllower oil, refined, or a similar, stable liquid oil with a low metal content (note 2). 
Aluminium oxide, chromatopaphic grade (note 3). 
Nitric acid, 2M, free from traces of iron, nickel and copper. 
Niobium nitrate (Nh(N03)s), aqueous solution l000mgll (IIOte 4). 
Standard stock solutions: Fe 10mglkg, Ni lOIDJlAkll.0a2I1!1i'.\ptllpKed byappro
priate dilution of organometallic standatds with sun1lOwer oil (4.3) (iwte .5). 
Standatd working solutions: prepare daily the follnwing working solutions by diluting !be 
stock solutions (4.7) with oil with a low metal content (4.3): 

Copper 
fron 
Nickel 

0.05, 0.1, O.2mg/kg 
0.25, 0.5, 1.0mglkg 
0.25, 0.5, 1.0mglkg 

Argon, purity 99.99 per cent minimum (IIOte 6). 

Procedure 

Treatment of samples and solutions 
Place all samples and working solutions in the oven (3.8) during the period of 
determination. 
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Shake samples vipousIy before aaalysis. 
H tile metal rootent of a crude oil is bowD to be outside tile I1IIIF sp , ified for tile 
standards in 4.8, dilute tile sample with low metal content oil (4.3) to brio& tile metal 
content within that nUiF. 

5.2 Preparation of apparatus 
Switch 00 !he atomic absorption specttometer (3.4) and tile D, IlOiiedoi. III _daDce 
with tile ~ of tile manufacturer. adjust: lamp cumd,. slit, waveIeagtII and 
ampli1lcation. The tequired wa~ ate (om): 

Copper 324.7 
Iron 302.1 
Nickel 232.0 

Optimize tile position of tile papbite fumaee atomizer (3.S) ia tile .amaic: aIIIorpIioa 
specttometer (3.4) and set tile tequired programme for tile fumaee • foIkMs: 

~2.IolL1. 

T_ .1Imp" ........ ........... 
s...,DO. ('C) (I) (I) (-) 

F«Cu I 900 so JO JOII 
2 :mJO I S so 

FcwFc,Ni I I20Il so JO JOII 
2 :mJO I S SO 

If it is not possible to prognunme tile papbite fIIroace eucdy ..... _ a """1II ... a
live programme suitable for tile equipmeDt <_ 7). 
Use a Dormal papbite tube (_ 8) •. 
Pretreat tile piJlClUOC tip (3.3) by pipettiq (using a miaopipottol. 3.2) aad dIea diti:aRI
ina lOp! of heptane. The film of heptane NID8ioiog OR tile will Gf tile lip fM:iIitatea a 
reproducible traasfer of tile oil sample. The tip bas to be..... $ d befoIe eacII 
injectino of an oil aample. 

5.3 Determination 

5.3.1 Gt i'lk .... ~ 
Record tile abiOlptioo, if any, of tile paphite tube (3.6) • -=II aad aoto&ao tIIiI 
.... pIiuu. 

5.3.2 I;IIpiId .1Ir.k 
By means of a mic:ropipettor (3.2), inject lOp! Gf lowofDetlll 01 (4.3) iDto tile papbite 
fIIroace (3.5), initiate the temperature progmDlDe and record tile abapliou. 

5.3.3 StIIIIdanIiDdIo ttl , i .... 
By meaDS of a mic:ropipettor (3.2), inject lOp! of the three staadard wutiog sohdioas 
of the metal noder inYCSliptino (4.8) into the papbite furnace (3.5) aad record tile 
absorptino. 

2.631fl 
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$.3.4 Sample for analysis. 

5.3.4.1 OU (liquid) SUIpIes .. ~ 
By means of a micropipettor (3.2), inject 20,u1 of the oil sample ioto the graphite 
fornace (3.5), initiate the temperature programme and record the absorption. 

5.3.4.2 Fat samples (m.p. we and higher) 
By means of a micropipettor (3.2), introduce an extra temperature programming step: 
hold-time 20 seconds, temperature 60°(2, internal gas flow 0 m1/min. Initiate the tem
perature programme. Within the first programme step, introduce by means of a micro
pipeltor (3.2) 20,u1 of the melted fat into the grapbite furnace (3.5), allow the tip to 
remain in the injection openiog to liquefy the rat and then mject. Record the absorption 
(note 9). 

, Calculation and expression or results 

6.1 Calculation 

6.2 

Measure the peak height on the recorder chart or read from the display or prioter. 
Draw a calibration curve by plottiog the absorption of the three standards (5.3.3), 
corrected for tbe blank (5.3.2), against their respective metal contents (lIote 10). 
Read the metal content of the sample from the relevant calibration curve. 

Repeatability value 
The differences between the values obtaioed from two single determinations. carried out 
in rapid succession by the same operator usiog the same apparatus for the analysis of the 
same test- sample, should not be greater than the repeatability value (r) as calculated 
from the formulae in Table 2.631.2. which express the precision io relation to the 
determined mean value. 

T_ 2.6.11.%. Repeatability (r) and reproduability val_ (R). 

Metal Substrate r R 

Co Oil 0.0102 + O.I40M 0.0085 + 0.358 M 
Pat 0.0076 + O. U19 M 0.0028 + 0.492 M 

Fe Oil O.!I71 + 0.081 M 0.040 + O.480M 
Pat 0.026 + O.I96M 0.031 + 0.54, AI 

Ni Oil 0.056 + 0.127 M 0.027 + 0.442 M 

M = 5'Otresponding mean concentration value. 

6.3 Reproducibility value 
The difference between the values for the final result, obtained by two (or more) 
laboratories using this standard method for the analysis of the same laboratory sample, 
should nol be greater than the reproducibility value (R) as calculated from the formulae 
in Table 2.631.2, wbicb express the precision in relation to the determined mean 
value. 
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7 Notes 
1 The polyethylene- or poJypropylene-capped bottles are made met.al-free m die foI.. 

JowiDg way: dean die bottles tborougbly witb warm Dillie: acid e 4.5), rinse witb distiDcd 
water aad dry die bodis m a drying oven (3.8) at about 8O'C. 
2 A sample of a low metal COIl_t oil is obtained by die foIIowiaa procedure: diaohe 

1 part of oil (4.3) em} m 3 parts (V) of fi&IIl petroleum (4.2). l'Iepaue lUI ~miDium 
oxide ooluma (3.7) usiDg twice die mass of a1umiDium oxide (4.4), activated by mtina 
m an OYCD (3..1) at lSO"C for 14 hours, as die mass of die oil to be purified. Add die oil 
solution to die oolumn aad elute witb S parts (V) of light petroleum. EYIIpOI'atC die light 
petroleum of die eluate DB a heated ·Water bath (3.9) usiDJ a ICIIdc stream of _DieD 
(2-SIImiD) (4.9). Remove final traces of fi&IIl petroleum UDder , ......... 
.1 Merck pmduct DO. Ion is suitable. 
4 Solution (axle 88083) is available from Alta Division. lS2 A.acIovv SInet, Danvers. 

MA 01923, USA. 
5 Suitable standanIs are available from, for _pie, Coati_,'a. Oil COdIpllll), 

Pom:a Qty, otlaboma. USA (ConostaD, SOOOmJlkg) or Merck, 1>-6100 Darmstadt, 
Germany emetal m standard oil, 1000 mJIkg). 
6 If argoo is DOt available, Ditrogel1 may be used as purJII pi. At tcmperatuns above 

2300'C. DitnlFD forms toxic cymogea gas; therefore, OO!lIiDuoas ¥eDtilatioa ill die 
fIImace area IIIouId be provided. 
7 If m tbiI_ die backgJOuDd c:orrectioD fails, dilute bIIuIt, ___ da ... '''''P'" 

with an orpaic fat soIveDt, e.g. IIeptaDe (4.1) to a maxin'll. of 1:2 (m/m)'" wort at 
ambient IelDpaatme. 
8 The gnp1ite tube for die cletermiDatioa of iroII bas to be a.tcd willa uiubium to 

eDIUIe that tbc total ..-at of iroII is determined. W'db lUI DlllCOIdcd tube die remit wiD 
vary llCCOIdiDc to die type of iroII CIOIDpOUIICI preaeat ill tbc oil. A nitabIe coati.., 
procedwe is: .., _ of • mi.c:ropipettor (3.2). mject 100 pi of Iliobi-. Ditratc solatioa 
(4.6) iDto die fwIw:e. Start die IelDperature programme to dry .. l00'C for 60 '" .... 
aad dlen 811 i at 21OO"C for S seconds. Repeat tbiI procedwe !IIItiI lOOpi of nioI'ium 
Ditratc soIutiaa luis been mjec:ted. Atomize at 21OO"C !IIItiI -.at absorbuIce (to 
remove any .. matamiaation). 
9 The 1IOl'IaI, minimum limit of deteI:don am be ~ by either • peatei' aeaIe 

expansion or .., repeated iojectioas of die sample at die aMI of die .... operation, 
tbea aIIowiagllM: programme to proceed to compIetioa. Htbc .... COIIteIIt is too .... 
(i.e. exceeds .., calibration c:une). mnSUR tbc absorption after a fwtbei cIiIuIioa of die 
sample witb ..&ower oil. 
1(} W'db die _ of aopbistkatcd equipment. autoc:a1ibiation am be IIfIplie ~. 

Rellei res 
fIeacIrikIc PW, !!Iiltcnnr Fl, ZuIbeq J. Ha __ A. ,..". A/IpI a.... 1M; fill(6): 19l-9GII ( .......... 

.... CoIoI fee SIad1). 
Kine AE. R.-HL. ..... ViM. Oil ~ 1933; .., :1M. 
Us! GR, E_ CD,It_ WF. } AM 06 a.... So<: 1911; 41: 438. 
Us! GR, E_ CD, ...... HA.} A", Oil a.... So<: 19'T.I;" 281. 
LilI GR, E_ CD, IIIoo:t LT, ......... 1l.. } Am Oil a.... S« 1'118;.: m. 
Us! GR, M_U. HaIda AI.} AM 06 am.. So<: 1918;55: 280 . 
........, R, F ......... PO. I AM Oil am.. So<: 1971;.: 4411. 
~ WO, SwWdIt 0', T ...... BF. } AM Oil a.... So<: 1911;.: SI4. 
NoIevOrp O. a...iDe MH.I Am Oil am.. S« 1m; .. 241. 
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