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REPORT SUMMARY
 

1. 	Development of a Process for Preparation of Coconut Protein
 

Products for Use in Foods. Contract csd/2804.
 

Karl F. Mattil; Principal Investigators:
2. 	Project Coordinator: 

Carl M. Cater, J.W. Dieckert, Robert D. Hagenmaier, Food Protein
 

R&D Center, Texas Engineering Experiment Station, Texas A&M
 

University, College Station, TX 77843.
 

3. 	Contract period (as amended): 7-1-70 to 6-30-75.
 

Period covered by report: 7-1-70 to 6-30-75.
4. 


S. 	Total AID funding of contract to date: $600,031.00
 

to 6-30-74:
6. 	Total expenditures and obligations from inception 


$482,081.79.
 

7. 	Total expenditures and obligations from 7-1-74 to 6-30-75:
 

$110,796.49.
 

8. 	Unexpended funds: $538.98.
 

NARRATIVE SUMMARY OF ACCOMPLISHMENTS AND UTILIZATION
 

All of the originally stated objectives of this project have 

been attained. The physical characteristics and the chemical and 

nutritive properties of coconuts and/or processed coconut products 

have been determined. The technical feasibility of key unit opera

tions of each of the following processes: thte expeller process, 

the dry and solvent eAtraction process and the aqueous process, have 
and 	 the potenbeen investigated along with the proce ssing economics 

tial marketability of the products of each process. The food use 

derived protein products have been investigatedpotential of the 
and the information has been widely disseminated. Selected scientists 

and engineers from coconut producing countries have received training 
and in the processingin the general techniques of oilseed processing 


of coconuts for the recovery of food protein products. Of the proc

esses evaluated, the one which has shown the greatest potential for
 
the simultaneous
early commercialization is the aqueous process for 


freshrecovery of coconut oil and food grade protein products from 
by USAIDcoconuts. Several engineering consultants appointed 

intensively reviewed the aqueous process and declared it to be 

te,,'hnologically feasible. As a consequence, the government of the 

funded pilot which currently successfulPhilippines has a plant is In 
staff. Representativesoperation under the direction of a member of our 

http:110,796.49
http:482,081.79
http:600,031.00
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of the Philippine government and of the food industry of thte
 

Philippines have shown a substantial amount of interest In tht, 

product from this pilot plant. Simultaneously conducted ,xpeiri nuts 

with the utilization of food grade copra have shown that this con

cept is at least technologically feasible. This proctss Is now 

ready for field demonstrations in a coconut produing couintry. '111C. 

results of our studies on the developing 'oconul show that endosperm 
the protein content are ritnctionsproduction per seed and probably 

of environmental factors coming to bear at specified phast's of endo

sperm growth. 
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FINAL RESEARCH REPORT
 

A. General Background
 

Coconuts are an important agricultural crop In many tropical 
countries, particularly the Philippines, Indonesia, Thailand and 
Sri Lanka. Like other oilseeds, the coconut is frequently prov
essed for oil alone with the oilseed meal not finding' use in humsii 
food. The consequence is a waste of a food resource. In the 
coconut producing countries, large segments of the populat ion con
sume diets which are -iadequate in protein. It is generallv 
believed that if their diets could be improved by supplying low ,ost 
nutritious protein foods their total quality of life could be 
moderately to substantially improved with accumulative benefit to 
the economic and social stability of their countries. Further, 
many of the countries now import large quantities of protein foods 
such as non-fat dry milk or condensed milk. If an alternative to 
the imported protein foods could be developed from Indigenots crops 
it would effect an improvement on their import-export balance while 
producing new industries and new income for their people. 

Coconuts are c.mmonly processed by drying in the sun or with 
smokey, hot air to make copra. During this drying coconut oil Is 
lost or damaged by hydrolysis, physical losses and microbial act ion. 
h'lecopra is pressed and/or extracted to recover crude coconut oil 

and coconut meal. Because of insect and microbial inf(s5tat ion, the 
copra meal is unfit for human consumption and can only find use as 
animal feed or fertilizer. 

The loss of food is considerable. Coconut oil enjoys a good
 
world market position and represents a major proportion of the 
export trade of some of the coconut producing countries. However, 
its quality has been damaged and its value reduced in the copra 
drying process. Annual world production of copra meal is about
 
one million metric tons and contains about 207 o good quality
 

protein which is not now available for use in foods. What is
 
needed and has been the objective of this project is a commercially
 
viable process or processes for the quantitative recovery of higher
 
quality coconut oil as well as food grade protein products.
 

B. Statement of Prject Objectives as Stated in the Contract
 

1. Conduct a thorough laboratory investigation, building upon 
the laboratory work conducted under AID Contract EA-84, of the 
physical characteristics and the chemical and nutritive properties
 
of coconuts and/or processed coconut products;
 

2. Investigate the technical feasibility of key tinit operat Ions 
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of each of the following processes: the expeller process, th1. dry 
and solvent extract process and the aqueous process; 

3. Evaluate the processing economics of the three above

proposed processes;
 

4, Investigate the food use potential of the protein products 

of each of the above three processes and disseminate information and 

limited quantities of material to other research groups In university, 

government and industry laiboratories for product evaluation and 

development work;
 

5. Train selected scientists and engineers from co'onut pro

ducing countries in the general techniques of oilsecd processing and 
in the processing of coconuts for the recovery of food protein 
products; 

6. Prepare selected scientists from coconut producing countries 

for the initiation of research activities on coconut proressin, at a 
research center in a major coconut producing nation; 

7. Define the parameters for a pilot plant to demonstrate the 
commercial viability for the most favorable processing alternativf., 

if warranted by investigation of the unit operations. 

C. Continued Relevance ofLOblectives 

In our judgment, the relevance of the ot) jectives have beeti 

established beyond reasonable doubt. The orderly stepwise approach 

through the phases of fundamental scientific investigat ions, resolu

tion of problems related to individual unit operations, to tht final 

consolidation into a continuous process has once again liiov'i to be 

the most efficient approach to the development of a now processing 

technology. As a consequence of this approach, we hvw. ben able, 

to design at minimum expense a pilot plant for operation in the 

Philippines which at the (late of this report is now processing about 

2,200 coconuts per day. 'Tis is about 20 times the diai lv capacity 

of our facilities at Texas A&M University. The objective of the 

production of food grade copra for conversion into food grad, copra 

flour by prepress solvent extraction remains relevant but is at a 

point where it must now be demonstrated to be workable under vondi

tions existing in coconut producing countries. 

1). Accomplishments to Date
 

In 1969 the US Agency for International Development asked the 

Food Protein Research and Development Centcr of Texas A&M University 

to undertake the development of a process or processes for the 

recovery of food grade protein products from coconuts. Inasmuch as 
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this has been the objective of research prolects in a number of
 

coconut producing countries for many years, a substantial 
amount of
 

technology had already been developed. We have sought continuously 

to build on the knowledge and experience that have been reported 

to be f ihese other laboratories. Our
and continue reported lm 

a) investigationinvestigations have followed to,..:- main channels: 
oi coconut proteLns; b) inVestigntiolof the fundamental properties 

of the principle of separating the oil and protein phases by 
c) t:he recovery of food

centrifugal force in an aqueous 	 medium; 
either

grade protein products by more traditional technology based 
food copra; and d) an 

on the use of desiccated coconut or grade 

investigation of the ultrastructure and btochemical development of 
in production,information useful thecoconut meats to provide 

includedharvesting and processing of coconuts. Our research has 

of informnation, process technology,the development fundamental 

processes, investigation of the food uses


economic analyses of the 
products and efforts to move this process technology into

of the 

coconut producing countries.
 

that been done prolect has beenThe amount of work has on this 


far too extensive to be any more than superficially covered in this
 

have been reported in quarterly reports,

report. The detailed data 


in and disserta
in publications in scientific Journals and theses 

tlions. Copies from publications in r.cientific journals are appended 

of the report these publications will 
to this report. In 'he body 


to by letter (a, b, c, etc.). The dissertations and
be referred 
data that art reportdtheses arevol uminous and in the 	 main contain 


they and the ptiilications along
in the publications. Therefore 


with selected other references will be referred ro In th, body ol
 

the report by number (1, 2, 3, etc.).
 

Properties of Coconut Proteins
 

Studies were made on nitrogen (protein) solubility of coconut
 

The point of minimum
meal in aqueous media over a range of pi's. 

increasedsolubility was found at pHl 3.9 and nitrogen solubility 

ranges. Coconut proteins displayedtoward both the acidic and basic 


a markedly different pl-nitrogen solubility profile in salt solu

tions, showing minimal solubility at pil's at or below three with a
 

a maximum solubility at neutrality. Coconut meal
sharp rise to 

prepared from fresh coconuts with and without testa removed, from
 

sun dried copra showed comparable
parings and from a sample of 


solubility characteristics. ttowever, meal prepared from commercial
 

even under acid and
desiccated coconut showed lower solubility 

The most efficient solvent-toalkaline conditions (pH 2 and 10). 


(v:w) for a single extraction, and
meal ratio was found to be 20:1 


a two-step 15:1 process for multiple extractions. Tle addition of
 

various salts caused marked alterations in the protein solubility
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Of the salts tested, each had a differentprofiles of coconut meal. 


effect. Osborne classification studies of coconut 
meal indicated 

that 90% of the proteins could be classified as albumins and globulins 

(l,A). 

work showed that there are at least two classes ofFurther 
globular proteins. The major fraction consists ot 847 of the prott'ns 

and has an average molecular weight of 150,000. This major fraction 

about 50% soluble at neutral pH and low salt concenl rat tonis only 
or pll valu es,(O..1M NaCl). Solubility is increased at acidic :lkaline 

or with added salt. Solubility is considerabl i decreased 1y heating 

80C at pH 5.0 to 7.5. A second fraction, containing 14/%ofabove 
the proteins has molecular weight of 24,00). This fr:act ion remained 

solable under all conditions of p1l, salt concentration and tempera

two classes of proteins have grossly different amino avidLure. The 
patterns, with the small molecular weight fraction containing more 

lysine and cysteine and less threonine and meth ionln,.. These dif

ferences in solubility and amino acid composition hav. imprtant
 
of pro-
Implications for aqueous processing and for the product ion 

must be as;umed that differenttein concentrates and Isolates. It 


protein fractions obtained from coconuts wold ho expcted to have
 

different nutritive values (2,13).
 

In attempts to determine the heat tolerance ol coconut protein, 

coconut meats and coconut meal were subjected to several tempera

tures for varying lengths of time. Properties evaluated were 

browning (by visual observation), odor, lysine destrution, protein 

solubilit, at pHi 2, 8 and 10.5 and nitrogen soluhiility index. From 

fresh coconut meats (:an toleratethe experiments it was concluded that 
83"()up to 100C air temperature (coconut layer temperat ure, 78 to 


0 C air
without significant loss in protein solubility. At I I10
at pil 2 and 8, and attemperature, there is a loss of solubility 

-120 0 C protein solubility significantly decreased under all pit cond i 


tions examined. There was a marked loss of iysine availlabIlity when
 
at 120 0 C. Coconut meal
the coconut meats were heated in hot air 

air for at least 60 minutes without significantcan tolerate 105C 
120°C 15 or longer,loss of protein solubility. At for minutes 


These data combined with those
protein solubility decreased (3,C). 


above were critical to the design of processing conditions that
 

could produce undenatred coconut protein products.
 

Early consideration was given to the possibility of the produc
proction of coconut protein isolateo either directly by aqueous 

essing or indirectly by extraction from defatted, desiccated 
coconut 

or food grade copra meal (4,5,1)). In the case of the latter two, 

several extraction and precipitation procedures were evaluated based 

upon previously deternined protein solubility characteristics. A
 

Isolat e based on the total protein
yield of about 637 of protein 
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available was obtained either by extracting the meal at pH 10.5
 
directly or by sequential extractions at pH 8.0 and 10.5. I"hese
 
isolates had solubility characteristics and amino acid compositions
 

similar to that of the original coconut meal. Attempts to produce
 
an isolate by extraction at pil 2.0 showed that at this pH, coconut 
protein is partially denatured causing it to have a considerably
 
reduced solubility in the alkaline range. Further work with 
isolates was set aside for several reasons. The principle reason
 
was that a cost analysis showed that isolates prepared either by 
the aqueous process or from defated, desiccated coronut would 
probably be too expensive. Further, in the production of isolates 
nutritionally valuable protein and other nutrients would remain 
dissolved in the aqueous extract and at that time there was no 
technology available to recover these valuable nutrients from the
 
whey. On the other hand, an economic analysis suggested that an
 
isolate produced from food grade copra might be commercially com
petitive and find a market. Again, at that time we had no tech
nology for the production of food grade copra. It is our present 
recommendation that the possible production of coconut protein 
isolate not be considered a closed book. As will be pointed out
 
later, we now believe that technology has been dev-loped that 
markedly increases the feasibility of food grade copra. Further, 
in other research in the Food Protein R&I) Center, technology has 
been developed for the recovery of proteins and other nutrients from 
the by-product wheys resulting from the production of vegvtable pro
tein isolates under conditions that look economically attractive. 
Consequently, all of the necessary technological pieces are available 
to put together a process for the production of protein isolate
from food grade copra at an economically competitive cost. Whether 
or not this .,ver becomes a reality will depend upon the potential 
commercializatl.on of food grade copra which will be discussed in 
more detail later in this report. 

Aqueous Process ing 

The science and technology of aqueous processing of fresh 
coconut meats has received major emphasis during the entire project.
 
The emphasis shifted from the recovery of an isolbte to the recovery
 
of the total non-oil solubles of the coconut. Utilizing the funda
mental information that has been generated, a practical, economic 
process has been evolved for the production of oil and ,, protein 
food product. The process consists of two principle phases. In 
the first phase, the obJective is to separate the oil and the pro
tein from the fibrotes components of the coconuts by repeatedly
 
mixing the ground coconut meats with water and pressing much as one 
would rinse out a sponge. In this step, water, oil, soluble carbo
hydrates and minerals are separated from the fibrous residue in the 
form of an emulsion commonly called coconut milk. The second 
critical phase of the process is to break the emtuision so that the 

http:commercializatl.on
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from the 	 aqueous phase which containscoconut oil can be separated 
the dissolved protein, carbohydrates and minerals.
 

Resolution of the technology for the first phase proved to be 

somewhat easier than we had anricipated based on reports we had 

worked on this process. However, separaheard from others who had 

tion of the emulsion proved to be more challenging. The emulsion 

is quite stable and others had found demulsification to be a major 

problem. Several methois of demulsificat ion were 	 tried with varying 
(up to 85C) ordegrees of success. Mild heating of coconut milk 

adjustment of pH were ineffective demulsification steps. 'r e 

of tile various treatments tried was evaluated byeffectiveness 
9,500 x g in a laboracentrifuging the samples for 10 minutes at 

tory centrifuge. 

Cooling the emtlsion to crystallize tile oil was found to be 

provided the milk first concentrated by centricoconut was 
to about 25%. The procedure 

effective 
contentfugation 	 to reduce tle moisture 

the milk, concentrate ft by centriftigatlon, cool
used was 	 to extract 


!0 0 C, about then centrifuge. This method
 
to about warm to 30C and 

of the amount of heat exchange and 
was not further pursued because 


warming
special equipment required for the cooling and steps.
 

However, the procedure remains a possible alternative to the method
 

finally adopted. The cooling method for demulsification was later
 
(6).
reported 	 in the literature by another research group 

by workAnother method used was fermentation which was inspired 

reported by Timmins (7) and Puertollano, et. a].. (8). Coconut milk 

inoculation bdfore !entrifuglng. Sampleswas incubated without 
over night at about 45C showed maximum separation of oil.

incubated 
90'C did 	not become demulsified.Samples incubated below 20C or at 

that the dropped about 4.1 during successfulIt was observed p1l Lo 
the oil phase conincubation centrifugationincubation. After 	 and 

from the 	coconut milk. However, demulsificatained 94% of the oil 
process because of 

tion by incubation was not adopted into our final 


the probability of flavor problems resulting from bacterial action.
 

that Puertollano, et. al. have

Also, to be considered is the fact 


shown incubation to be somewhat unreliable in breaking the coconut
 

culture of bacteria is added.
emulsion 	even when a known 

was finally incorporatedThe demulsification technique which 

into the aqueous process involves the use of shear to invert the 

unstable water-in-oil emulsion,stable oil-in-water emulsion into an 


which can be separated by gravity or by centrifugation. 
Tihe emul

sion as recovered from the cream separator contains 
about 35%
 

break this emulsion. It was found
 
moisture and agitation will not 


necessary to reduce the moisture content and it was determined that
 

the simplist means to accomplish this was by the addition of coconut
 

oil to the system before agitating. Laboratory scale experiments
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indicated that the moisture must be reduced to about 25% to obtain
 
good demulslfication (9).
 

The individual unit operations that were successfully developed
 
as described above have been combined into a processsing technology
 
a simplified flow diagram of which Is shown in Figur, 1 (l0,;raph).
 
The coconuts were shelled manually and the coconut water saved for
 
use in processing. Washed meats were ground in a hammer mill with
 
0.25 inch diameter holes in the screen, followed by grinding in a 
disc attrition mill with tile discs set at minimum clearance. The 
ground coconut meats were briefly mixed with heated coconut water 
(80°C), or with a corresponding amount of heated tap water when the 
coconut water was not used. The mixture was pressed at 50 psi in 
a pulp press against a screen with holes 0.01 Inch diameter. 
Extraction with hot water followed by the pressing was repeated 
twice more. The two materials resulting from the pressing opera
tion are tile emulsion (called coconut milk) and tile wet solids 
(called residue). The residue came from the press at 70 ± 107 
moisture and was dried in a rotary drier In a flow of hot air (Inlet 
air is about 100*C). The dried residue Is a final product. 

The coconut milk emulsion was filtered through a vibrating 
screen (120 mesh) to remove the last traces of residue. The milk 
was centrifuged in a three-phase, desludging type separator. The 
model used develops a centrifugal force of 4,700 x g at tile radius 
of the hole in the disc stack, has a bowl capacity of 3.2 liters 
and was operated with a feed of 8 liters per minute. Three phases 
emerged from the separator: 1) the lightest phase usually called 
coconut cream which is about 65% oil on a wet basis; 2) the aqueous 
phase usually called coconut skim milk which is a solution of the 
water soluble components of the coconut with some suspended particles: 
and 3) a solids phase consisting mostly of Insoluble protein which 
is dried to give a final product. 

The coconut cream is an oil-in-water emulsion with an average 
oil globule size of about 10 nm In diameter. Coconut oil was 
added to this emulsion to reduce the moisture content and the mix
ture then agitated with a high velocity pump to invert the emulsion. 
Best results were achieved when the temperature was raised to about 
80'C before the agitation. After inversion of the emulsion, oil 
and water were separated by first allowing a gravity separation
 
(which took several minutes) into two phases: an aqueous phase and 
an oil phase. The oil phase was purified by centrifugation, heated
 
to drive off residual moisture and decanted from the settled solids.
 
Inasmuch as the quantity of insoluble protein recovered from centri
fugation of the coconut milk was so small it was dried by freeze
 
drying. The coconut skim milk was dried by spray drying with an air 
outlet temperature of about 85C and air inlet temperature of about
 
170 0 C. 
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The most critical step in aqueous processing is the efficient 
extraction of oil from the fresh meats. Repeated extraction of the 
coconut meats gradually reduced the oil content. Ilhe resicue from 
the first extraction contains 46% oil on a dry weight basis. The 
second residue contains 32% oil. The fifth residue has its oil 
content reduced to 21%. Major expenses would be involved in so 
many extractions in a commercial operation. Therefore, a compromise 
would have to be made between the cost of the loss of oil against 
the cost of the recovery. The gradual reduction in oil can be 
rationalized by assuming that subsequent extractions remove 
e.xposed oil globules and protein, leaving only the oil and protein 
remaining in unruptured cells; which would be 5% of the oil and 77. 
of the protein. However, as pointed out by Adair and Timmins (11) 
it is still unknown whether size red,,ction must be sufficlent to 
break all cells, or whether globules can he leached on! ol l:rge r 
clusters of cells. 

The dehydration and packaging of coconut skim milk powder i,; 
made difficult by its tendency to take up water. However, this 
difficulty can be avoided if the product is prepared as an Inter
mediate moisture concentrate with inclusion of coconut water solids. 
This concentrate has decreased shelf life, pritic i pally bliecatise of its 
tendency to become dark in color (12,G). The product is stable to 
microbial growth for at least one month. For many applications the 
economy gained from elimination of the spray dIrying step would seem 
to more than bal ance out the reduced shelf life. 

Considerable work has gone into the characterization and utiliza
tLon of coconut skim milk. Spray dried coconut skim milk powder (at 
37 moisture) is a hygroscopic powder that contains up to 30% protein, 
7Z fat, 0.03% crude fiber and 9% ash (13,11). This powder when mixed 
with water forms an acceptable beverage with a sweet coconut taste. 
It can also be used in preparation o Ian acceptable puddin g withit 
the use of either eggs or milk (1). The corrected PER Is 2.0 at 
low spray drying temperature. lowever, a value. of 1.5 was [ountd 

for product dried at 110%° outlet air temperaturte. Since coconut 
skim milk is being advocated as a practical replacement in many 
uses for non-fat dry milk, it is of interest to comparte their prop
erties. This is done in Table 1. On a direct weight to weight 
basis non-fat dry milk does provide more and better protein and 
.also more calcium. However, in a coconut producing country, the 
coconut skim milk provides far more nutrition per unit of cost tu 

the consumer. 

A second by-product obtained from aqueous processing of coconuts 
is the residue or fiber fraction. Yields of residue and of dry coco
nut skim milk are each about 30% of the yield of coconut oil. The 
composition of the residue (at 5% moisture) is 57 protein, 24% fat, 
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Table 1 - Comparison ,)f Dehydrated Coconut Skim Milk with Non-Fat 
Dry Milk 

Coconut 

Skim Milk NFiM 

Protein 

Crude Protein (Z) 25 - 30Z 367 

Corrected PER 2.0 . r) 

Limiting Amino Acid isol-vucine i )  sulf c,'ontainilt l 

Carbohyd rate
 

Carbohydrate by difference 52 - 597. 52% 

Principal sugar sucrose I.iv t o. 

5 - 77 ().87Fat 

Minerals 

Calcium 0.06 - ). I. 7 

Phosphorus 0.57 o. 97 

3.3 - 3.6% 1.87Potasslutn 

Sodium 0.9 - 1.47 ().5 T 

Chloride 1.6% I.IZ
 

(a)Isoleucine is first whether based on FAO Pattern or vgv, v;il,,.. 

(b)From FAO, Amino Acid Content of Poods.
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252 crude fiber and 0.6% ash. The principle component of the fiber
 
is a carbohydrate of which mannose is the principle (74%) component.
 
As a food component, this fiber would probably contribute little or
 
no net caloric value. Evidently the small amount of nutritive val.e 
in the residue is just about cancelled out by its characteristic of 
absorbing nutrients and thereby causing them to leave rhe intestinal 
tract undigested (14,.J). 

The residue after hexane extraction and grinding has been used 
as an additive to white bread (15). Residue prepared from pared
 
coconuts is white and does not discolor the bread. Preliminary 
results indicate that the bread has good loaf volume and is other
wise acceptable. Major food companies have shown an interest in 
the coconut residue as a source of fiber in the diet. 

Coconut skim milk products are colored but possibly acceptable
 
in some uses when prepared from coconut meats from which the testa
 
has not been removed. The residue is white if the coconuts are
 
pared but has a dark color if the coconut testa is included. To
 
make acceptable residue, the testa probably will have to he removed.
 
This effect of testa on color is a point which will he broight up
 
later in this report.
 

An economic analysis has been made of aqueous processing using 
as the model a plant operating in the Philippines which Is capable 
of processing 250 tons per day of husked coconuts (16,K). h'llis 
plant was estimated to retire a total capitalization of $2.7 million 
(mid 1974 prices). Coconut oil would provide 637 of the income and 
coconut skim milk solids (selling at $.50 per kg) the other 37%. On 
this basis, the pre-income tax return on investment is calculated to 
be 20%. In this analysis, the residue was assumed to have no economic 
value. Based on medical reports subsequent to that economic analysis 
and on the degree of interest which has been shown by the food Industrv, 
it would now appear that the residue would have economic value Which 
would add to the return on investment. Therefore, even though the 
analysis which was made was based deliberately on pessimistic assump
tions, it was concluded that aqueous processing of fresh coconut is 
economically feasible. 

Because the economic analysis did not assume a continuation of 
the high 1974 prices of oil, it is not affected by the subsequent 
decline in coconut oil prices and therefore very little updating is 
needed. In June 1975, the domestic coconut oil price in the 
Philippines wasP 0.30 per kg. The value used in appendix K was 
P 0.28 per kg. Use of the sensitivity analysis in appendix K 
indicates that use of the true oil price would raise pre-tax return 
on investment by 0.5%. 

Energy costs in June 1975 are higher than those shown in
 



appendeix K. Petroleum products are up about 00% and electri-ltv 
is up 100%. Therefore operating expenses increase about $100,00(1 
annually reducing the rate of return from 20% to 16%. No othher 
major changes have occurred that shou lc affect the ec'onomic' 
analysis as shown. The point should be made again thal by calctiila
tions it has been shown that the coenit shells t'ontain enough.I 
energy value to operate the entire plant. Calctiit ions wi'e' .i-Lath 
on the basis of purchased energy because we are not vet prepared to 
recommend the use of burning coconut shells as .a fut* I hecats of IIr 
lack of experience and experimentation with this lOssibililtv. llow
ever, this alternative should be taken Into consIdvration it dtesI ,gl ). 
a new plant.
 

Samples of the coconut skim milk products produced In the pilot 
plant were regularly analyzed for microbial content In ord,,r Io 
assure constant sanitation in the pilot plant and the safety of lie 
products produced for use in foods. In addition, a study w:s mado. 
of the entire process to point out those areas where mlcrobiIal v)i
trol were most needed (17). It was found that tiet( main source (if 
contamination was the coconut shells. Cotconti meats ind/or watl tr 

contained few or no microorgar. isnts If removed tiude r ;:ei)t I cotnl i
tions. Spray dried and intermediate moisttire concentraltt- w. rt 
produced with aerobic plate counts of less than 10,000/g. l.i t Ic If 
any microbial growth took place (hiring extended storage ot [ fhs
products at 21 or 35 0 C. Food grade products cotild lie mad. cvt-l with
out pasteurization because the vacuum evaporator provicled enotgh 
heat to serve as a kill step. Neither Salmone1.lla nor coal, ;ise
positive staphylococci were found in any samples. Proper teqilniiit 
cleaning and sanitation were essential fact-ors in mahitaini gi th,.s' 
acceptable microbiological indexes. 

Because of limitations in the fat ilties of the pilot plant, 
it was not possible to handle the residue samples under atlequtt, 
sanitary control. As freshly produced, thit wet residlue had sat is
factory bacterial analyses. Therefore, in a plant properly designt.d 
for aqueous processing, the residue coutld be maintained In I od grath. 
-,,ality with little difficulty. 

As a consequence of these activities outlined above, there has 
been ,sme fairly serious interest shown in the Implementation of the 
aqueous processing technology. The strongest interest to date has 

been shown by the Philippine government which has inaugurated a pilot 
plant at the University of San Carlos, Cebu City, Philippines. Funds 
for the pilot plant equipment and operation have been provided by the 
Philippine government. USAID is now participating in the program by 
providing technical management and backup support by Texas A&M 
University. It is strongly recommended that USAII) continue its 
support of the Philippine project until the Issue of' success or 
failure of the aqueous process has been resolved. Further, it Is 
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recommended that if the Philippine prolect is successful that All) 
promote use of the process in other countries (however not by prolif
eration of more pilot plants). This promotion ould take the form 
of supporting travel of technicians from other countries to the 
Philippines and continued technical support from Texas A&M ulniversitv 
I f necessary. 

Conventional ProcessIln&_ During and Prepress Solvent Ext ract ion) 

A significant amount of research effort has been directt-d toward 
the science and technology of the production of coconut flour by more 
conventional processing consisting of drying the coconuts to remove 
water followed by prepressing and hexane extraction to remove the oil. 

The drying step may be performed in either of two ways. The first i; 
by hot air drying as used in the desiccated coconut industrv. Use of 
samples of especially prepared material (by a coconut desiccator) has 
indicated that this type of drying can be used without reducing tihe 
solubility of the protein in the cocontt meats. 'rhe other type ofl 
drying would be the more traditional sun (drying which for the purposes 
It hand Would )have to be under sanitary conditinns to prodctie a food 
grade copra. 

(:oconut flour has been produced successfully on a small scale- hv 
at least two manufacturers in the Philippines using desiccat:el -otioltl 

as the raw material. This coconut flour has heen used in the Nut ribn 
in various nutrition programs in the Philippines. Ilowever, as Vt, 
no significant market demand has materialized. It appears that t he 
coconut flour made from desiccated coconut cannot be offered ;It a 
sufficiently low price to make it attractive. An economic analysis 
of coconut flour produced by the prepressed solvent extract ion ol 
desiccated coconut has been made based on approximatelv the same s;, 
of assumptions as in the economic analysis for aqueous processing 
(18,L). In order to attain a 20% pre-income tax return on invest
ment, the flour would have to sell for $315 per metric ton. This 
makes It a -ather expensive substitute for ;a.teat flour. 

At our prt-lent state of technology, an equally definitive cost 
analysis cannot be made for coconut flour derived from food grade 
copra. However, preliminary calculations indicate that the costs 
would be far below those for product derived from desiccated coconlut. 
This potentially lower cost of coconut flour from food grade copra 
has provided the motivation for research on this type of prodduct. 
It has the additional advantage which can also be a ciisadvantage 
that more of the preliminary processing would be done at or near 
the point of production of the coconuts perhaps by the coconut 
producers themselves. This would provide the coconut producers 
with a greater share of the benefits and consequently a greater 
incentive than they now have to produce improved quality copra. 
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The idea of producing a food grade copra is not ntew. Stilrahmanvall, 
et. al., reported in 1966 that by (ipping coconut meats itI asoli
tion containing either a mixture of 5% sulphuric acid and 77..c t iv 
or a solution of 30Z sodium carbonate would effectivlv rtard micro
bial growth during the drying stages in the produc.t Ioni of copra (1'D). 
However, a commercial trial with copra tinder U, cotidiprepared hv 
tions was unsuccessful. We have shown that tihe (1ip ?;olttions usted 
by Subrahmanyan, et. al. , had two disadvantages. One, they rtdct]1ed 
the solubility of the protein and two, thy toughtned t1t., st rt i'tur 
of the copra to the point where prepressing was made mort difficlts 
which would cause a higher level of oil to be left In the prepressed 
meal and probably slow down the throughput of theexpellers. In a 
search for alternative antimicrobial (lipping agents, we have found 
that a solution of propionic acid appears to offer good protect ion 
of the meats without causing subsequent problems in processing nor 
a reduction in the protein solubility (20). On balance, the optinmum 
level of propionic acid in solution appears to he about 67. Tvhe 
propionic acid dipping effectively reduces bacteria, yeasts and molds 
and prevents their growth during the drying of the copra. Food gradt. 
copra prepared by the propionic acid (lip procedure is substantially 
lighter in color than is normal copra. Ftrther, it is neither rancid, 
moldy nor dirty. However, the proplonic acid dfill is not etfective 
if rhe copra is exposed to rain during drying, inasmuch as the 
propionic acid is primarily on the surface of the coconut meats and 
is washed off by the rain. Therefore, we feel that it is now neces
sary to test the effectiveness of this approach under field condi
tions in the Philippines. 

There are a number of advantages in the concept of producing 
food grade copra by sun drying. It can be done at or near the poitit 
of production of the coconuts and thus lower transportation costs. 
It is less capital intensive and more labor intensivo than the 
desiccated coconut approach. It requires a lowtr expenditure of 
energy and results in lower costs. On the other hand, ther, art. 
some disadvantages which many believe may be insurmountable. The( 
chief of these is that it would be necessary to change the genera
tions-old production habits of the coconut farmers. Further if It 
would become possible to produce food grade copra at the site of 
production, it would also require that there be improvements in the 
sanitation of transportation facilities. It is possible that food 
grade copra could only become a reality through the efforts of tar
sighted progressive producer cooperatives. 

Coconut flour made from pared coconuts is very white. If tht 
parings are not removed, the flour contains large quantities of dark 
specks of testa and would probably be unacceptable for use in many 
foods. However, experiments have demonstrated that as much as 75Z 
of a first grade coconut flour free of any visible specks of testa 
can be recovered from food grade copra flour by a mult i-stage air 
classification process (21).
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It Is our recommendation that careful consideration be given 
by interested parties to the feasibility of the production of coco
nut flour from food grade copra and the potential markets for such 
a flour. ie believe that all of tile technological components are 
now available. The coconut meats can he protected from microbiologival 
deterioration by dipping in 6% propionic acid solution provided they 
are handled in a sanitary manner. This would preclude traditional 
copra drying with its attendant exposure to in ;ects, rodents and 
birds. It would suggest tile use of -.simple small-scale hot air 
dryer similar to tile Tapahan type t at is now being used in many 
instances. This would compensate for tile inability of the Aiid-dlp 
method to cope with the rainy season. This type of small-scale 
operation would be consistent with the needs for labor intensive 
processes in developing countries. The dried coconut meats (food 
grade copra) would need to be transported under sanitary conditions 
to tile manufacturing point. It has been demonstrated that such f',od 
grade copra can be prepressed under sufficiently mild conditions 
neither to darken the coconut meal nor to reduce tile solubility of 
the protein. The prepressed meal can be solvent extracted to pro
duce a flour containing 1% or less of oil. This coconut f lour 
could be sold and used as is if the specksof testa are not objec
tionable or could be put through an air classifier to remove the 
specks and iroduce a white coconut flour. This coconut flour coul d 
also be used as a source of coconut. protein isolate if a market for 
the latter were developed. We believe that a rartful tconomic 
analysis would show that this is by far the leant expensive method 
to produce coconut protein isolate. Any progress in the direction 
of producing a food grade copra flour would of necessitv haw to he 
based on adaptive technology conducted with the full cooperation of 
interested and progressive coconut producers. Without the full 
cooperation and an active follow tip by the latter, this phase of 
the project could be a technological success and a practical 
fai lure. 

Biochemical and Structural Changes in Maturing Coconut Endospcrm
 

The growth and developnent of the coconut seed and its content
 
of solid endosperm is a complex well-ordered process. Once the
 

spathe opens and the female flowers are pollinated, the fruit grows
 
rapidly. The ovular cavity, limited by the seed coat, enlarges for
 
about 240 days after the spathe opens. The endocarp hardens from
 
tile distal end toward the proximal end. This process is complete
 
shortly after the ovule ceases to enlarge. The growth of tile solid
 
endosperm lags behind the growth of the ovule. Under favorable
 
conditions only about 20% or less of the maximum growth of the
 
endosperm is completed after 90% or more of the growth of the ovule
 
is achieved. The increase in weight of the endosperm ends about
 

365 doys after spathe opening.
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Ultrastructural analysis shows that, except for a few coil| 

layers adjacent to the seed coat, the cells of the mature* endosperu 

are necrotic. Practically all of the intraeellular substance that 

stains like protein is located in watery vacioles withi a singl"titt 

membrane similar to the tonoplast. 'Ileprotein in the .leuron. 

vacuole consists of a crys tlline core sutlrroullidied by i,1 ;Iaamorphouts 

layer. The lipids are non-osmiophili" and are localte l I !at 

droplets, the spherosomes, in the cell and are :;paratvi, Ifrom the 

aleurone vacuoles. What few plast ids, mltociiomldri;, uvl and, 

remain are necrot Ic and ohviously nV "other cell organelles that 


functional. The cell wallq are thick and woody.
 

In the early stages of growth the endtisperm is gelat inou:;. The 

cells have active mitochondria, plastids, dietyo;omes and nl hl'.I 

The cell walls are very thin, which explains th gel atinous qu;alitv 

of the tissue. The rough endoplasmic rmticulum is not ,nvl os, and 

there are no amorph3us or crystalline protein deposits in the vaco ls. 

The gelatinous endosperm grows over the surface of the itner seed coat 

from the distal to the proximal end of the. ovtlc'. It tatke.s roughlv '11 
c of the sed cont,days for the endosperm to cover the inner starf 

once the rapid growth of the endosperm starts. 

After the euosperm is established on a giwvn region of t.vd 

coat, it differentiates. '[e cell walls thicken, th, rough ('do

plasmic reticulum proliferates, the dll'tyosomal esi cles d.l,,1p 

that stains like protein and hiphas i" prote in depotsitsmaterial 
in the aleurone vacUol s of matutr' endosperm appear.similar to those 

The latter signals the beginning of the process of synthesis aii 

sequestration of the principal reserve alvturins of the mature seed. 

The endosperm increases in thiv'kness and charate.r1st ic changes oc.'rtt 

in the consistency of the tissue. Approximate iv 105 days arc 

required for the conversion of the gelatinous vndospe rm io hard 

endosperm in a given region. Ultrastructuril anavlysis sugg'st Ithat 

the synthesis of reserve aleurins continues froim the voked egg, 

white stage that follows the gelatinous phase of endomoperm dlil

ferentiation to the early hard phase of differentiation. Th' proc'ss 

112 days in a given region. The synthesis ofcontinues for about 
about 200 to 210 days post spathle'the reserve aleurins begins 

of the ovule and ends In the proximal
opening in the distal region 

spathe opening. Rielatingregion at about 330 to 340 days post 


ovular growth to reserve aleurin synthesis, the ovule is formed
 

first; then, the vacuolar proteins are synthesized and packaged.
 

There is some time overlap in the two processes.
 

reserveThe ultrastructural pattern of the endosperm producing 


aleurtins Is similar to that of emhryos of dictyldonous seeds pro
mature
ducing aleurins. Classmi al al erone grains do not form In 


t'ov'unut endosperm, iowever, since the latter tisste does not
 
of Sns gell elec'trophoret desiccate with maturation. A comparison 


grams of crude protein extracts of coconut vndnspvrm in the cooked
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egg white and hard phases show the presence of the principal coconut
 

It appears that the principal reserve proseed proteins in each. 


teins are synthesized and sequestered by coconut endosperm in
 

in developing embryos of the dicotyledons.
essentially the same way as 

that the alcurins of the coconut endosperm are syn-
It Is proposed 

thesized by polyribosomes attached to the outer surface of the endo

plasmic reticulum, transported to the dictyosomes, concentrated and/ 

or modified by the dictyosomes and deposited in the aleurone vacuoles 

by a process of membrane fusion. Such a model is an aid in under

standing the coconut seed proteins and the effects of environmental 

stress on the deposition of these commercially valuable proteins. 

to asThe bulk aleurins of seeds are thought function a source 

of organic nitrogen for the germinating embryo. In most seeds that
 

have been studied carefully, the number of individual reserve aleurins 

is small. As pointed out earlier, ultrastructural analysis confirms 

that the principal proteins of mature coconut .olid endospern' are 

they as a nutritionalaleurins. There is little doubt that serve 

reserve for the germinating coconut embryo. Analysis of the crude 

proteins of mature coconut endosperm by SDS gel electrophoresis 

shows a relatively simple pattern. Most of the protein is in thr.e& 

51,500, 30,000 and 20,500 daltons. Caref I*Imolecular weight classes: 

salt fractionation resolves the native proteins into one fraction 

hearing the 51,500 subunit plus impurities and another containing tlhe 

30,000 and 20,500 molecular weight classes. The latter isolate was 

fractionated into the two molecular weight classes by a new system
 

of preparative SDS gel electrophoresis of our invention. The amino
 

acid composition of each subunit and the starting material was
 

determined. The amino acid composition of the starting material could
 

b, accounted for satisfactorily by the amino acid compositions of
 

the two subunits and the assumption that the starting material con

tained equimolar quantities of each. Presumably, the native protein
 

is of the form (P20 " P31)n. Tile Metzger index was used to compare
 

the amino acid composition of P20 ' P3 1 with legumin type proteins
 

from peanuts, beans and cottonseed. Low values of the Metzger index
 

(D.I.15) are presumptive evidence that two proteins are homologous
 

(i.e., arise from genes with a common ancestral gene).
 

By the Metzger criterion the following aleurins are homologous 

proteins: P2 0 ' P)31 (C. nicifera); AB (legumin, Vicia sativa); A:
 

(legumin, V. sativa ; ac (legumin, Vicia faba); glycinin (Glycin.
 
max); P6 7 (arachin, Arachis hypogaea); and P4 0 (acalin B, Gossyjpt.un
 

to
hirsutum). The difference indices ranges from 9.04 12.45. Tile
 

amino acid composition of P2 0 and P3 1 were also compared with the
 
Two potential
individual subunits of the legumin type proteins. 


homologous series are apparent. One consists of P20 , A (V. sativa),
 

(4 (V. faba) and P2 4 (A. hypogaea); and the other series consists of 
. 1,* I (V. .ativa), C (V. sativa), a (V. faba) and P43 (A. hypogaea). 

http:Gossyjpt.un
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In the first series the difference indices ranged from 13.37 to 

13.67. In the second series they ranged from 9.84 to 12.40. No 

data were available for tile individual reduced subunits of P'4 0 from 

acalin B. These values of the difference index are respectably low 

when the phylogenetic distance between the coconut palm and tile 

other species is considered. Tile apparent homology between '20" 

P31 and the legumin type aleurins lends additional support to the 

coTIcept that all are produced and sequestered by a common process. 

A natural experiment on the effects of water stress on t hf

production of solid endosperm is repeated yearly on the coonut 

palms on St. John Island. A considerable body of circtmstailtial 

evidence is adduced supporting the hypothesis that water stress at 

key times during flowering and fruit development severt-l limit.. 

the production of solid endosperm. The most sensitive phases are 
otrelated to periods of rapid growth. Water stress during p.riods 

spathe enlargement increases the time elapsed between tlhe opening 
number of cltsters ofof successive spathes, thereby reducing the 

coconuts produced per year per tree. Th. interval between spathe 

openings can be lengthened from 26 clays to 47 day:;, dlependli ng upon 

tile severity of the water stress. Such an effect can cause svrtof :1 

economic losses. When water stress occurs during the period of 

rapid ovular growth, the size of the ovule at maturity Is greatly
 

reduced. Consequently, the quantity of endosperm produced per mature
 

seed is lowered correspondingly. As much as a 60'.. reduction in the 

fresh weight of the endosperm per seed at maturity was noted for 

palms suffering water stress during the period of maximum ovular 

growth. Most of the growth of solid endosperm and the synthesis and 

segregation of the cocontit seed protein occurs after the ov1llt reaches 

maximum size. Water stress during this Interval redtuces Ih. growth 

rate of the solid endosperm and probably reduces tht rat ofl syn

thesis and deposition of the vacuolar proteins. The offect of wator 

stress on the growth rate of the solid endosperm Is less dramat i" 

than on the growth of the ovule (MN). 

ResultsE. Dissemination and Utilization of Research 

This project has achieved wide recognition in the coconut pro-

One of the important vehicles for dissemination
ducing countries. 

of research results was through the distribution of our quarterly 

reports. We had a response from one university professor that he 

used these quarterly reports almost as a textbook in a class that 

he taught. Perhaps the most important vehicle was through the 
journals and distribupublication of research results in scientific 

tion of reprints of the articles. The most significant of the
 

to in appended,articles Ibave been referred this report and are thereto 

We have responded to numerous requests for reprints aitd other
 
The most direct
information on coconut processing and products. 
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use of the research results was the decision by the government of
 

the Philippines to establish a demonstration pilot plant. At last
 

report, that pilot plant was operating three days per week with a
 

.'apacity of about 2,200 per processing day. Considering the time
 

frame involved, the need to train personnel, the turnover in some
 

key personnel, the difficulty of providing maintenance parts and the
 

in the first place was built at minimum
fact that the pilot plant 
expense we must concede that the progress to date has in fact been 

beyond our expectations. This has been due not only to the excellt1nct

of the leadership of Dr. Robert !Iagenmaier but also to the excellent 

cooperation of the officials of the Philippine government and the 

capability and enthusiasm of the staff operating the pilot plant. 

The success of the pilot plant has not gone unnoticed. They 

have a steady stream of visitors and many requests for samples. 

F. Statement of Expenditures and Obligations 

Summary of Costs by Category 7-1-74 to 6-30-75: 

Salaries and Wages $ 59,390.50 

Fringe Benefits 3,904.19
 

-0-Consultant Fees 

Overhead - 44.24% of S&W 24,151.83
 

4,271.67
Travel and Per Diem 


Equipment, Supplies & Materials 15,095.55 

Part Ic [pant s -0-

Other Direct Costs _3982.75 

TOTAL $110,796.49
 

C. Forecast 

This has been a most satisfying research contract. It is always
 

satisfying to a research group to attain its stated objectives. It 
is especially satisfying when these are attained in spite of many 

predictions of failure. We are most appreciative of the continued 
support of the US Agency for International Development in the face
 
of these negative predictions.
 

While we can feel this sense of satisfaction from technological 

http:110,796.49
http:4,271.67
http:24,151.83
http:3,904.19
http:59,390.50
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accomplishment, the entire project will have been an exercise in 

futility if we do not succeed in convincing business interests to 
convert this technology into products for sale and dIstribution. It 

is only when the coconut protein products and fibrous products are 

feeding hungry people that the true objective of this project will 

have been attained. This phase of follow through Is the heart of 
the cooperative agreement between the government of the Philippines 
and the US Agency for International Development in which Texas A&M 

University is now participacing'under USATI) contract No. EA-C-1073. 

Therefore, in recognition of the rate at which businesse. can move 

even when highly motivated, it will be at least another three to 

five years before we will know whether this profi-et has provided 
true service to mankind.
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-26-	 Appi, ndix A, Pait. I 

A. 	S. SAMSON S. J.. It. Ii. KIIAUIVO. C A. CA TCfli, 1: I. PfA Tllt 

Food ProteiniitIZ) .,i (nqCiaeeim, I'e ,,,'aa'ne ,p.,-,o,aBUY Leoge,, j 
Tro..s A&M 	 Unie, tiitv. Calllp .%otti.a* IX 1/114. I 

EXTRACTABILITY OF COCONUT PROTEINS I 
SUM/.ARY-Studes wete niadionet (prtelin)solubility of coconut meal in aqueous md., Iow.I g I'.atil lIt- If I1nitn~rja'e Cot-ilul Was -a ta.1i 


overs range ofpH'{. 1 lfnundat pH 3.9 ant Io.onu% hy % v.ild '
mInt of menieeun, solubility wa nitogen snlubdty l'rta itlia alt ehl .
 

incrtated tow.,ed fihl acidic and basic sides. Osconut pwl-ias displayed a markedly dillefient tli IIn I Ii'111% 1,
li'tcrd 	ts di-'a.liet 119,lnx. La IpH.niteogen solublity prole in salt solution{. showing monstonal solubility it 	 trickd and ltc .taail V.,i,'I I h*acidic pH's (pH <; 3). { 	 dhL a,,thI 

a sharp rise of ly ,ond.amaximum at neutrality. Coconut meal nrepjrtdfeuni fresh coconuts WCLr fICII)VICd f(1,{11 qll. *.. I.solib 	 1IItl Ihi
W{ili water 	 and |i'1 It ,d 111h41,,,.,lh, 1h,,11 

with and without Ista renoved, front pargiei and froin a iample of sundied copra shuwld :	 liii 

comlitrable suluililyi ria.acteristics.Herwever. meal prepared from commercial desiccated coconut 2--113051011 or 2-K (12O11(iOlit Ih, ,Idililih 

showed low iolub liry. rken under acid anti alkaine conditions (pH 2 and 10). The most efficient lii,n% (whl hl Ilit 111tl ht'll| )i.t1.i 01it',11 I
 
solventto-ineal atuoEwar found at 20:1 (v:wj for a single extraction, anda two-step 15:1 process dclr soarmom al 40'( lit 2. hi I,, a ii,,ilil
 
for multiple extract)cle,1. Extmactiolsiusig salt solutions show that tie efliciency of extrction,is .oi~t'ulI of 'i"l thinl '.. I II' dio, It . VA I 
greatly depensdent ui(rs ptf; concenrations e- O.25M effect maximum extraction. Osblorne c/anifl. futlhcr LIliiItd bv ii1v.an. -f Ili I P- h, 1
 
cation Studies of tcoconut foeal indicate that 90% of the proteins would be classified as albuminas i1ill. lil,%Il1111t M.*l! .1 Ilit'lWI i lli I , .
 

and globulint. (2-K-0200 3 W( i t 21K.|101lillli. I "" I,. .i.o
 
.loillly %ever VMata,+lli'. Willi l i ,tt.4 '. 
astsolvcail wi%,Cll ave'd With illy .ii, 

NIIROIJcrION have made use of meals dehydialed by "lypial i I,,.al ,,i. , 
the appic;clion of hi;I (Sis' n .1 Al. i t ll li,, all .,,, r*IV,. ,il l.,hh 'lit I . . I 

CO(ONU'S arc an indigetous product 1968). Studies by Ciaiidrasckat.|| anti ;,.t. til and ,,iChulittr ,i,,.iy,,. .. , I. 
and a 	 major :,licc (if conmercC in tnany Kin. (1907) sggt. that cinyn.lic p 'aia,,.,Id ,\m'o{AOCS'119ll, ,,-,hl,, 1 ,h 1,.AI 
countries (if th woi Id which i.te suf'f"iang r ,%c. flay lie isqui|¢e. f'or life cfft cicoitl ,v.' lYl .li t. ,'.a , t.n °. , . ,,, ,{ ,, . I,, t 

fr1n) prteitCnl de'fiellcy. AconlsCrvaliVL' etatllion of coconut t (fioil a t ,llaili II. Ik I,,. I. ,.
ptotei'n 'i..iailid ,9 

t ; af 1, 1esltilIale, prolably low. of world coconut control vjt|' of SO- 60s!, 851Pt.. ho.w. liosu iaa111111 .Ii 11 1, 1--lh1.1l lilt ."l", ,, bf , ' lit l 
pi ciuctinlin it t 'e caily 19 00'% iivc% . 6 v e, they do rot iltdicat' how theIr lllirli l.d ,,., I' ll I ll: , . 
M illion to ils ;a )c.t. 1, clcuivalc il , flour hai dI .iiliiet . ., 	 I 

ll1,,l'llit. l 11, .1 

"1h11 lto %lartilgC'Oc lUt hcc'n pr,.'t:lat 1 h .4 lliihta,,d 

milo hain 200 ,00 h ono Mcrude etn , c' raept w as le , otrr l pro l h;I it %uppli'tdby ('Ct'll 
only ;I ninir piopotlim)1i of which is llood "'ccinoogicat Rescat'h histloiC. l:\elr.ali a a'l'l"n
 
pr et's lly lacing unlisted far hurnan fold My.eotrc, India. I Vldtlli ,,,,,,i I ,',,,.. lo ......
an ., 
consll1ption M it nd Adalir, 1967; PA ;. =,ul nacal %.aj .aii 'il ,,1 . ,1 rl,,, Liai'.i.li.i. 
1965; 'cply, I 9671. EXPERIMENTAL fola ' I ,!(1 ,,,.,, .... Ill, 1..,,, -0 

20:1 ( :w ). 1ilip'k tillivIli., I .l', t' , . I3li
Thc llaotor pltpotirl ilonof Coconuts i rleparation coconut nical 	 eat tii i....t dctciu.d pllI \Ii, %%.,,,i 

ti.-l, cait coconut, ui,.d were, food-g;ade jucdllltm of N.a(III ID'N ilt1t-OIIst t'd 	 to ',ntl a.ld Coco11111 "T'hDe fitc\li t - .SN ,,r 
opra. o m mell processcs fo r onu i lh i w v.a% t I iaxi,,.,it, d.,ll,n eal via c (' crc aIl c h o taii d frotll itol \al e"iitJ k etLiII i c litI tI.. .1 pu 


extra cti n onui 1 l 11111.t' t¢\;at . . 'I iidicillo S l i"tale lilan oIrill!. ,* i ,
¢og ,'c t I r9 ll only h , \ s a ml hrll, o f l .sa,,ih . t I 
expelle1is at lclicltatilt which denatIlrc t-Jii. 1o1 C ral Ai a-,. A% is t-iatniitai1 %oItuiii11'oif sltilii V. ll ,,,,i:h{ I.. . 1(c' t ih, lit 

i prv'a¢;l{{Ilg l IVc 'a l.l t'1lh h,,1 ,h,,,w ptoteins. :1tlh1 ltll ore. woirld i th iii1itii il c'l.'onuts. le,%. %%i l t I11h'i ,l 1i., lil. \h'l11I .i 
ptractice in h1.111{||qog ,co n~uls for l{|c de{|uske.d. "Ilh¢ in..,l%(kcinc{] ale c {,,,owd Ili a .1300 × t, |k .I tr., If 1411', 1',,|,, I ,,,,ll. 

stal1 .'ap). l i hIr 11 11111. hl . , i h Iii 
furIher uIT llt1.t1i ttho ' C(lconuI tical fhw t.t'Iiit't I% a th1, Itli o d a.ICoil II¢,,la) ii1itt illil, yh \',h.li.l I I'.ltn ',,, I ., 

forI htlillt n ol.1 ill ht1,1 Which adl t,.,t'llilll) it) 11,e k tit l.IIll l ia.1 Ii,',11 ,¢ ll. , it 1.%h A 'I,ill.iil 

ploducti i1 taf copt;l al fI n, . c tldt'IiC It) ha d Wtnt lkIt'tl. it,¢fht t'll .al.l I hIl ' i. .,,I p'i|,Ult, 

f t a 	 il,'.l \ ?1
tldetlaken ai 	 I,, 1C .,• .,|ci ,"Thes"o%ludicst %%,i mi ;i. 11fcl't. of{ desi".1led c.'ti',l1111, the lVa 4'.i01 v\I.111 w I,, i,',,.,.,'.fIorcmaliiy plic'l lllnl *saii to tf ,l',' IIlp lstudycofhitl tltl), h.. lajN il.tt 9 ,'i.5 dd k1 1. 1 m. ll I1.% ,, . 1 1 

baic 	 pto tlllv if It)It prothins i nf 

conneclion wal I tht L.rgcr ob|jectv of 
indin. 	 iic'otl sottil s 'lr tOitr tilafii Table I. Cocoult nar.al P~toin.attaiaaly,. 

insure that lif ptt's'11 work was being M,,it'
 
condu cted (li1 :'.ood uac ily ocOnut pro- and volatil tal r,,- C('i,,Ii'

Itei.r, w. is iJt) pre)Ipare 	 nillclial N x 6, 2.5) A•{, III-¢=Wikn cocotnut 	 Oil (,".N 

incal by pboce.s.s 11t expected to dc- S.implh 	 ,

naltl It o|'lflt s. I': incail% |• 47.0. 
Ilteviit1• % ldic. (1l co tilnt cl 1¢ 1.1 0%%(.l 'iccatcd 

commnonly 	 useIld Ia. pilp.iated Itom1 i.' 11l' licil 1.9 73.0 
I11.1ki; 1 t' 	 lltt l o II I)1 ',.st1. (Chellialh 1.01l 71,1 

anid ltlpttsl I,1 9) Itar fronm Stlll-hli'd 1.5 69.3 
coupia (1BUI011Ill1 aIld Fox. 1963). 1 Coconuat nlttl All 9.9 1.1 3.6 22.2 5.2 7.a 

(.'t allut I1C.11 11b 1.2 4.8 3.8 23.9 3.9 .4 
('taoliU I1'.11 (.h 5.1 0.4 3.8 7. 4.4 '7t, 

I Present a lteiris: IDpl. sat Ch eIscastry. A tl'n. * l'h e lalt'." ll.tS,' a al1'1€1a1 tal d'hyc t l am a'It i I'I' alll'D.to de h9.lmnIAI.laoverlslty . ayaau ll'IlIlti. Qu *. b(.115911 l 111  l¢;llr. A., II .i ll 1 a ae h-r'..al alld tl lll , h '," I,'l. ,t . . .....%.I,
 
ton1 City. l'ill ines. oh1l arcia iI dill I . IIiiia•.
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PH pit I 

Figj. I -Picolw,' mnhutjdty proldvi; ti coconist F,.j 2 Profronu sohdnhsltt proleles of roxco,,i, Foot. 3 ',qenpstil~bly i
4 

... tMo. il .14 t 

,nw..ls pre,.,r.'d Ifon, mt/,. lots o~f fre'sh coca, 1w In severail ddffe,,nt m.,t solutionsi .ul Vatted .ited I4to. .41411 .1 ).4'.11ty1 liowi.111-'st "111.1 

nuts obt.,,wel .,r hre. Tablc p1il' gi., ofa sftmen.Lt ,,noss 1). .uluzg..d by the .,dilis 0. 5N N.P011 

0 SI tioC. 

o OV 11 Ii hit'.ii i154i1.i111oll illh '4~n I, 

Kj%.II~til mdhotils% I Aiiiic 1939; Milet .11,11 IIooo: I aire. for e..xlra, tllI meaik pr42pmet2l issi11 1I b, I I hI. p Iivi p're, ill 
5I444)~Ii I'I Ill ilo-6l k.ls%,. tile2 d(I1 from~ threev dilvr4 ntlot tt' I lit, 4 .1 kill~ i I'll, 1,111.1. I IItlc .11pil 

thilII A0.AC. 51165; AOCS., 1969) or Iliki.. ve I .irange of p11W F a Ili a 4 .i i I 

441. P l ifCoconut'.s oii. 
'loiov4.4 ie5lis.i11It4i5plltjt.IIL .i)%o.,4'i~~i.4 )luilly Isrsiile for C'conutIll ro.l 1 .1 1 * old ~ 11469.!C 11i,111.4111 ls, 

*.Jlll4lt2% 4)! 4m4..I. 142le 4iv i% tile .Ivcr,igo: ill lour4 rt2plit.i- litt 15)I.4114 s's 'i l 11'i. .iii 11olI 1 ' I 

RE-LSI.I S I)ISCUSSION holl.. tile 4)4~Cunlisxm 1111t'. for ag Nili*.sq .sIiii I' m iixi m.5 i 

IpII.Nitrogori %4lu ljy profiles 111C poult of kC.1i' %o.silihlily %%x, [liti hoh Ill Ili,, .. iii', w.I 'l lI . .1'.th 

SItl(ic' wol. I ll.,..I oi)11 oltell (42d1421i Il..I lefinld by v titsil .11i pllI'.1,0. 'litvro: 'iv.1 Ilk* 11,%- 11.111 Ill-f. Il . 

L l, as'priomcn tii the chi%ta):ry 6.25 1 ....... 1-9. -1. 2. *1I -1 8 .11ild 5 () ill11' 'iIIlit' .i .11l X , Moit Owg 41111t. AI 

ilr C~n llmil44I ii)%nm1 1111itidi 3.' II l 'l42rlllII'J6ili ais ild.iiii i ll Si I:. ~%V I o Jill Il Ii'h ;.i 

iliree ~~~~ ~ e~ i ~11.1'tr~ ~ 10 ~ 1Imttttalew~ i ~ a ~i o ~ ie ~ 11 Iooit.- l4l'. 1 I ;,il I 41 . (li to4 ,s(;.il, 11) 

T.,bh'~~ ~ ~ ,wn~ ~ ~e, ~2fngjino~ l 1,11 lly tl1 O) 111161.11s%145 ~ 1cg.011~ w1i(igt~ ~~~~1 . thio 4 ill l 
lu~~ob~~htyii ior N S. Ihlivi iii2)I..litIMi 14)I4i1 

1AlbminC.~ , I~e '.j141* 11 .7 0.611.tiv it %'.11111) ii olI ll%'.iiiiItll% 11~S2 i1) 

Tib411t12rC tsiiuc iro of- e rroso oo iliii8 t '.~accil til V II.1 it) .. )I), at 11.i )f~ i 
1% .1411C 2SNI111'.li4 

____________~~~~ l%I~pl~t ' . .1 .11141i..i.lIu.. 
N~npiutcn'.diumlun'.IJCnllogn t NmolSe ti) '.111111111).141% 

.c I I
('4lCf0. h 

Fra hoE-~otio co diton 'i111 ou N~ ac 142.Jill'%.4 l '.ct 1111111 It tI)4)rc 

Tlbnimje ocntma nCicconuct pjIngs: 30.6ue iwatyE~J.i111jll Atli im '..it-i dc,41111441Ii. 

Glo ulnS N~ lmiutti, il 70 1. %IltlllV5 .t41111Mori .4 111k Jil' .1% .11 

Prolam inWY Oi l uctiA.tXcthino .25 1.142 oli)4.I)ll4. iil Ii,4I2'1 %) ii.jii 

GSudin02j. Nll ioA' io 4 . S I...l '41l.4 kio1111 p l' t1 '. 1.ii 111%vI 

lt4ilubIe rcd142d 15 11 2. 8. .114 ItSw .114I l ' .4j4 I' 4.21 

47Lii~ I lticn P.;Ivu IIi - I'.4ll 1111 11y4)4'' Iiipipiit111 .s 

~'~ivi1 I)4241173.5 .1 iepiih2sfit-!b 1111t~) . 11l4il1. 14111 il . 1 
I lesi'.isI tlesti c li n '1.)IIIIl 11', -1lloIi~5i 411 lIo4 l.l...11itLl 444 1 Jtill 

IL.'.I~ .2 1111.11.1.1142 2 iilii .gI.",iiii 442154.7'll 

u 5.2 3.6 22.5~i 4.2ngl 5.6IIIIt.'III''..1Slit. , itlu, .Il n 141 1.1t lt11 4444441(1.6
Table 3l PiwdI 

I~ ~ hiiiiitic h CNl44l14.0 ol i Mi.11 NA.1 11.l oll141iii' .i 

14%lp d - 8936 . (11 -. 2.9 [IllI 1isS*.44g i.i-.1 iiiti1%, mvl~ lilt-l 

http:Nili*.sq
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MOLAMI1Y O SALT SOLUTION 

Fig. 4-Soijbiluty of ite pIrotIns of coconut 
meal in dlfernt concenltrlt ss of severaul salts. 
(Data next to soh/btlity pnins indicate result. 

ing pt'I ) 

lhat thert' is vmty litl' nonprolcin oilii-
gen in cocorult meal. 

|'liesotlbility c.urvs'S (Wig.I and 2) 
Weic lidile oi Cco'iontl iital which in. 
eluded thl testa. Illaddition some Coco-
nut uln'alwas prepated with the ltsl 
rtnlovtf hy min u;il pllrlg. The palingi, 
wct" aiso dried ant def;illh'ed anti 1l1' 
Solui ity profilti for thr piltilei)m deher-

5tle l ll¢is Sl.lt'e pripel.iied. Tahb¢ 33 u li 
l 1 C. o et io s o l o 1 W t t t l t 

and l.t)( Ihlit! cotonut parings. Thei 

pared t-on'o1u1 gave a slightly higheriie¢.1 

protein ,inllyoi, than itfe parings (22.5.XI% 
irolcin comarcd in 20,0%, 22.8,, prou

teill co(itml ,lt't in another deite-Io I7.7'.' 
iniiation) Th .otlilitiy culvt's of pare'd 
Coconult incal and olf lietparillgs a1t 
coparab i' l i t' (If cltoluIt Imeal 

with ilte parings 
Solutblity proalict, lite protelil iof 


liealo; prt'piaretd fian cmn¢rcat ctit'titI 
products iett''n utaine1d. Figui¢ 3 
gives ile profileiuolllilly for Coconut 
nieal obliintd b1ydehalling commertial 
desiccnht'a t',oconol and sun-dr'd colira 
prepare¢d t hid'r Ti;i"heatlII." he nliLal 
from silln-'d .iave a plt-solutililyitd 'Oli 
profile 'omp.iiitIt i ie labraloy-
prepat'uedtt 'Ca i11i';ii ,lfrom tlct'e 11tl "1. 

calcd citt ill . iti ¢'¢vtr. dl.siayad rallir 
low .Solu1bility il1I'll111l'6tli¢ nd lniiiii" 
fill's. T|he ve'ly Its" Coml%1.ohll11hly (206,1, 


pared hi abotl 7(1':; labhoratoryill ht-
prep;rdI1llait.l) atllil i. ; ist)ilikiig. 

Itiebhavia o" i inniir'al desic'atd 
t'oco lil i- Vt'ly iull/ ih .is Ilehnig. naslin t.. 
lprotiu 'lI%.pollecly whille, ll lillifly 

work do11ial I ,A&NI ti ii\,i niversily ( 
Iert' pottd t'lt'sli'r¢) has indlcatld that 
titoWlliti nimtg1 lit' .,uluil Indication or 
incipiv'ul th,llatil.11lit. as Shown by Ii, 
oitsiluliit'. 'im., howeet'r. thit\ naoL 

St'el t it ' Iit't' c ivilli 'olliltc'1t'll 
ik 'aled Which, though pule,llnlil, 

whil.', his tali r otitiil solubilily. 

-28-

Effikiricy of prolcin rccuv'ry 
wa,%
I',ttlil solubilily iI extraiclalhility I. Ir li . lite siitil i.llill vit.llillc,, 

not lifeonly fiactor govrning efficiency ill ;I~tll¢tI. I.lithii it' illhitlt' 
llilllUil.alo f p (it flint'x raclion. Oll r vari;iI ., 10t fl've liln r'%I"eW ll'Ill I (IlL 

such a% lengih (iflite ot cxlraclitm 
,iic.,omal:,tvcnratio . l ilpe ratlt c ,( ifLXl .t 
0ion of add'|,%Il,% arc ;it%,,iand tile effct 

vcry imporlant. 
Tatt 4 give%data oltaineud hy varying 

the nical:,olvent raliom. white cXtractlng 
at pll 8 in aqueou solution andi pi 7 in 
I M NaCI (condition chlosent as represe.-

lly for aqueLoius and salt cxlraction). 
lhe sampi e size for these extractions was 

Table 4 Effect of solvent. 

A Jil 8Solvcnl meal 
latin (nil:l:) % N rctovt'e i" 

5:1 11.9 
7.5:1 25.8 

t0 :1 32.2 

15 .1 40.8 
20 :1 47.1 
25 :1 46.6 
30 :1 49.4 
II tie percent iliirwi'u eiolra ulcd 

aic,iiul meal siam le aisi flit 1 1.1l 

irrovered rfersf]If, Ill11h.11 Illtoo e.ll 

(s'Itvciii)to'tfac'l 

l.( 11m l wed ) 

Table 6 

Ti*1111¢ 
)
l(i .. 


5 

Is 

30 
45 

(ili 
40 .. 

allot 

lllalaI iilo l il. 
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10p0. Afr', t;lllltifuj'.[tio .in, j'r;ivil5l'fi. 

,N esicitl 

60.9 
62.3 
6(.1 
61.2 
63.9 
59.2 
62.4 

(mir -,11u.c) 

Voluime l) 
tile" lert.11ll{". 


s ito' I rem ms.'lhi.1,1: l ir v,'.1% 

96.'9 
99.5 

99.11 
98.6 

1113.11 
...... . 14.. .S 


malellilvdhi.
1 Ill.8tl 

(r, .10 50g) w;i' ahorhud hry fht m.l. 
and was not ie¢ove¢ ed ;1%,.rltitI eI 
,¢,,laratle %,luiliin. Te aml)Oii t Sep -¢. 

arabh under prat lical nndi e.in%would 

vary dtepentting upon Ite efficiercy tit it
seturilon ILthtll(lues tst-('t I lit daita iit 

'Ihl¢ 1 indicat.e Ihat stt.¢I.meatl .11, 
It 20:1 (v.w) would tie tilli-,l til 

cierit. lo t l 'adl.lin. 
Table 5 give- cfliteicncy (ifprduiln 

rnval ratioon extr,action 

A i l tl7. 
i 	 a
"t' S N retilvit'd 

1%h el.. , 

. iv,.d I., 

17.1 

38 3 
5"(6 

63.3 

7501 

77.9 
H, 
h 1,,1
1 1o 

Table 5 Elffct of successive extr,itis wvti dif h.i-it 
ratiol 

SoTv1i.11 Uiieal 	 At fill 2 
tatio (nril.:) Ilridlion " ';N rel.'wd,.. 

10t iI*ift, 45 8 
Second 17.7 
hird 7.1 
1' At. 7(0.6 

15.1 l:iltl 65.5 

Seenod 17.9 


T01 Al. 83.4 


('rhird) 5.') 

2(1:1 F:it 61.3 


Scrond 	 141 
1') 75.4orAt. 


2l1-.s d o1 al orf
atilul mt'vt.rv a'Sri'l 

..
,... 


r.'llillh,,.n I li t'VIil., . ,, 
vlo'i~ll1.a i . %t i' lK ihv .11,,1 .. ,Ill fl
' 


ilvvit nmjl 

Ai fIll 8 
4N ia'a 't'.at 

33 7 
12 5 
H.2
 

54 4 
411I 
1.3 
5.1( 

9 S 
43 t
 
14 h1
 
5H 4 

N A I 

N .lsi ll' 

9!) 
lill N 
'7.1 
94.11
 
974 
91 7 

lllI 
tirs',sl I ii,,h 

Ill, ihlil .1,Iaih,,liead lIy tlherral. Iha dilfiv'i't"ih'lkor. in l U iii'vii 1'a 
,e e t w e re d f e lli v % 01 fl i t, m i t ). .8 Il l %, 4 11l1l 1l1 t sIII h . =, .,,-c ,l ~, I I , t ,1 1% gl 

Elfhct of ttle on ex traction 

At pll 8 AI pll "7,IM Nai(' 

Nyci.i'.d" . N tiaci 
59.6 
59.6 
58.4 
59.3 
6l.5 

..65.4 


Table 7.EIhct of tetilmo.t,,e on i tit., 
tion' 

......... ...

'. tt'\
T¢ lS' l"(('c N '
 

-4 ..... ..... 1 

10 	 57.7 
Is i1 5 
29 71.6 
52 In, I 
75 9 1 

lvril li.71l 16I t,,"7 -il1 Iii..mi.'i ' t 
Wdli lii tl. i ui'-.il 

http:SoTv1i.11
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extraction and recovery with multiple 
extractions, using 10:I, 15:1 and 20:1 
ratios. From these data it appears that a 
two-step 15:I extraction may be nmost 
efficient. Though using one step less than 
a triple 10:1 extraction, the overall yield 
of the two-step 15:1 is allIost as high.
Compared to the two-step 20:1 extrac-
lion, it uses almost a third less solvent, 
with only a snall loss of efficiency of 
protein recovery. The most practical cx,
traction conditions would be selected on 
the basis of total process economics, 

tein197Othepr fa torsaffctinOther ftctors affecting protein 
solubility 

in determining thle effect of length of 
:inle of extraction on nitrogen solubility,
it usually took at least 5 nin to attain the 
desired pH, and then 15 inin for ccntrifu-
gation. Thus, the 'tine" variable elm-
ployed was artificially set as actulI stir-
ring time after the desired fill had been 
attained. Table 6 ind,cales that maximum 

nitoge s nlublitI iin initrogen solibility is attained in ]5 sn 
or less. 

Tablc 7 sutnmariz.es the effect - of 

inonre nitrogens solubility
temperaturetemperaturel i 

creases nitrogen solubility. [he decrease 
observed at 750 may be d e to partial 
coagulation of protein at the higlher lent-
perature. A similar decrease in suoluhilityat hiRher tlemperatures is also becli 
reported in studies on stunflower sced 
proteins in the sainc laboratory (Ghiya-
suddin 'Cl al., 1970).:

The effect of vaious added salts on 
nitrogen soubihhity has also been studied. 
From Figure 2, giving the solubility 
curves of coconut proteins under varying
pti's for different salt solutions, it is 

evident that (hese 5s 1 iolutions, except
toward the acid end of the phI scale, are 
rather el fective solvents for coconut 
mcal. 

Figure 4 slinumarizes the effect on 
nitrogen solubility of several salt:; at 
variolis concentr.tions. The tests were 
run uing tihe .it% without adjusting the 
pil. In Figure 4.data next i to te soltbil-
ily points indicite the resulting pll at 
each salt conceinlration. 

Concentration% at 0.25NI or higher of 
dibasic sodiu 111phosphale or sodium sul-
file extract mos ltieavailaible niltrogen
in coconut nicl. NaCl is most efficient at 
concentrations of 0.75M o .,igher. CaCti 
solutions, at 0.51M or higher concentra-
tions, effect over 80% extraction. Mono-
basic sodium phlispate, however, reaches 
a hixxmaxn extraction of a little less than60% of the av.ail.i lenitrogen, at concen-trtin or .1f. 
raions of .M or higer. Thi% differ-


cnc in solibility could probably bec in poty noting thereltn 
explained it eitby ntiing tinresulting 
p's oth NaS and Na 04 atainAt-, 

i.|'s oil the basic side of neutral, in which 
cocouL protein is very solle ias seen in

ataicdFigure 2) while NA1l2 )04 results in pl's
between 4.6-5.5. Perhaps by coinci-
dence, CaCI 2 and NaCI effect p1l's at or 
near' the highet loinlts in their pli-solu-bilit profilesfie ig. 2)...yteklb,)u
pr c F0ig. 2).It should be noted that the very high

of c conut proteins in ihb..sic 
sodium phosph altc.ind sodstmn sulfite is in 

irth o
Maied onla~tIlitherater oorsol-hihty of sunfboh|ei seed proteins undersiiil,ir condition% iii work done in the 

%1111.laboratory ((;icyasuddin et al., 
1970). This confirms Ihe need to stlsdy
each plant seed prutein system individ-
ually and makes gcneraliiations impos-
sible prior to acitnil experimental work. 
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SEPARATEDOF TWO CHROMATOGRAPHICALLYA CHARACTERIZATION 
PROTEINFRACTIONS OF COCONUT 

INTRODUCTION
TIlE TWO ClI-F coconut producing 

countries arc the Philippines and India, 
both of which suffer from a shorl~a, of 

edible protein (Abbott, 1966). In tie 

Pcloippincs, almost all (Nyoerg, 3968) 

coconuts arc dried to make copra, which 

is subsequently prtessed to recover the oil. 

The resulting protein isgenerally unfit o 

human consUntpt 
inn. 

Although the protein content of th: 
coconut is low (about , the quantity 

cf coconuts grown inakes recovcry of the 

protcin desirahle. In 3965 the iilippines 
proi'uced 7.0 billion grains of coconut 
pro'cin, which is siiiniated Ict be enough 

for log pet Filipino per day. According 
to the data of Abbott (1966) concerning 
the protein food supply of the i'lipl 
pines, those log would inctease tie pro-
pines p 

(li), 

lain supply of the Philippines by 22 . 
Ilowcver, utilization of cotmit t pit-

tein for food is dependentt upoIn tile 
h thdevelopment of a process whereby 

protein arc icoveredoil and food-grade 
Ile aler lhIfrom the coconut. One o: 

con idered i% a proe ss processes often 
whereby the coconut oil and protein are 

removed ftom tire %olids as n it ilsion 
the enulsion is then centrifuged tosoltin 

oil and proteins ( tSrcenivasan and R:ljasek-
haran, 1967). Soie additional kno.wledge 
of the r-lution properties of tie coconut 
proteins are important towartl the devel-
opulent of an aqtieoiis pfloc, 

Prcvious investigaIions havc enpha-

sized classification of the coconut protein 
by sclubility behavior (Samson ct al., 

197 1a; Strength, 1970; Butterworth and 
Fox. 1963). by amino acid analysis 

ct al., 1971b;(Strength, 1970; Sar.nson 
Rajasekharar, 1964; Petrs, 1960) and 

hcat denaturation by healing of tile dry 

neal (Samson, 1971 ; Butterworth and 

Fox, 1963). 
The purpose of this research is to 

better characterize tile coconut proteins, 
principally with respect to some of the 
parancters of interest in the aqueous 

use of coconut proteinsprocessing anid 

for food, i c., solubility. leal denitura-
tion, viscosity and amino acid analysis of 

tile individual protcini components. 

MATERIALS & METHODS 

coco-

nut was freeZc dried; the oil was then 

ll -NDOSI'ut. (with testa) of fresh 

cx-
tracled with hcxane at ambient temperatute. 

lite proten was dissulved by extracting the 


with I NI NaCI at pil 7.0 for about 'Ahr.meal 
he rcsidte was rtenioved by filtisai.m, the tl I 

soltins clarified byaised Ito 8.0 and the 
tc'ritfu gatiot lThe resulting ,islution was con-

cct trattcd by otr filtration i'.iinst a menibrne 

designed to piss molecules with molecularr 

tCopg.)t oeta UotIo(mentrishen.below A 
was tlheni 

liltered tho.ulr a 0.22 pit pore sue fitter 
(Milipo Cot p I and dialyzed against IMNaCI. 
After thiS. procedure ftIe soltion coirtailsd 

90 - 2%of tie total nitrogen in tile coconut. 
Approximity 51 Was not scpalated fron the 
solids and 3'; was lost in tltrafiltrIion. 

Analy,€ of protein concentrations were 

Table 1-Some properties of the protein components 

Unftactionaled 

Approx uol wt 
(at pit 6.8) 

4.3 cc/ginIntrInsic viscs'ity'l 
Relative abundaiic 100 
Percent nitrogen of dried, 

sall.frce p-otitl. 19.2 1 0.4 

F.tinction eoeflicitb 3.76 (at 2Oimi) 
Amount sol ti 0.1 I NaCI. 

-al pli 7 .0 

a lh¢ value of (11.1,,)/n., extracted to Refi proteinl 

Largc nsol Small nol 
wt coniponents wt componcnls 

1.5 x 10' 2.4 x it 
-


84 1 3 14 1 3
 
4.7 cmtish 

18.8 ! 0.4 19.4 t 0.4 

3.38 (at 280nni) 2.43 (at 276nm) 

33 1 7% 100% 

eon¢te¢lratio by leait-square analysis if 
(tI I N.1CI); pl I was .0; ileiiperature.data. where v7 Is% viwiity slid ' Ih viscitly of Itie sotsveit 

301C 
bThe .lul ofI rrartph of ahs.rltanee vs. cuncentrallon, obtlied by Ieasl.siuare alnalysIs of 

data. Coiiemistltlfl lit tig N/ce 

A-.OuRNA I )F Ffr)f 4triFNrF.-Vnhmn 17 119721 

made by ultraviolet absorption tr by the Lowry 
method (Lowry et al.. 1951). Woilh methods 
were calibrated with solutions of coconut pro. 
zein of known tirogen contn. aa%deinried 
bc roNi-Kjeldahg ',tCry tnitlnysis. ll ws 


I.owry method. and about by
2;4 ultravitle 

absorption. 
In heat coagulation experimnts tihe protein 

solutions (aliquot' (I a stock ShIItton) Wert 
heated for 10 min, then cooled to tearn 
temperature and centrifuged. The amount of 
protein remaining in iolutions was taken as a 
masure of underratu red protein. 

Proteinodebility was, de¢rtnrd ty prepr. 
Pnapprosinaitlt I% s Isirsiiti thepr.

tein in solvent. adtjustig the pill , . ulaiit tI 
the desired %atle and then agitaill i(,r 
about '4lht al r,om iciperaiure. lie final 'lI 
was read and the ,p.ension ,iitrilug-ed: then 
the dissolved piotcis cnntent of the aqueois. 
phase was ncasutied. 

Visoi'%ty W.i%nea,,rtd In an Ostw,.itd Vis. 
cotneter, with the itmc rctcordcd it) the ncaire,
tenth of a secodt on a 'tols.teh. Hie .iscrage 
,4 at least thlt' inea,,rrieiri .a uscd The 

Istyt.lilstanard dev icin tica surnicnt of s 

as .1 v.h tempern niire was 3iit*(. 

Amino acid nilys-,, were i rf'rmed wth 
a iiahtc S asplw. tt I t, an 2Beck Model 

tnt- bolig I fr 24i 2on II 
en flu h. ystine asana

li e Beykholy Med 
%thti. tnder; nlol 

Id after oadion of CyiCcIn t icic acid 
with lpertorlli .Itld. frypioph)hal was an.tyzed 
by ite nllhod of Kolil and Palter 11967).
.yetie r e o '¢ olr andIalie167. 
%letloonirse vais Were corrected for te ob. 

- . .. " 

4 

a 

40 6o so too 

FRACTION NUMBER 

Fig. I-Sephadex G.200 separation of coconut 
poteins on a 77 x 5 cm column in 0.95M NaC 

buflered at plt 8.2 with 0.OIM NajlP0,. 

PtkA contain 1.6%. 84%. 13.5% and 0.7% ot 
total protein cluti'dfrom rhe column. 

120 
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Table 2-Amino mcid aiala4set of protein frictions' 

Lafi mot S1ool11110u 951 0ilntldcnce 
Alnieio acid Wt l.2l 2.60pW1 colpllnt lle-.1t 

350 L'ine 3.44 5.01 0.14 
ISicridine 2.20 1.05 0.13 

> ArginineTryiilphldn 14.700.89 22.031.02 0.740.1I0 

500
300 

parfic acid 
thconine 

9.47 
3.29 

2.60 
1.I13 

(0.21 
0.1 I 

Setille 4.89 1.28 0.09 
Glutiumic acid 17.94 35.51 0I.47 

Proline 3.60 2.17 0.33 

250 r Glycine 
Alaniue 

4.41 
4.30 

3.13 
0.59 

0.13 
0.15 

s45 50 Cystine 0.98 3.45 0.21 

LOG (MOLECULAR WEIGHT) Cysteiic 0.16 0.00 0.03 
Fig. 2-Calibration curvo for dercnihnation of Valine 6.06 0.80 0.24 
moleculer weight, calibratcdwith aldolase (iol Methionine 2.84 0.37 0.16 
wr 158.000). ovalbutrin (mot wt 45,0001 ind Isolcucine 4.12 0.28 0.33 
riboouuclease (tol wt 13.700) on a 2.5 X 90cm Lcucine 8.15 1.94 0.72 
column of &phadex G.200, with phosphate Tytomine 2.87 2.61 0.13 
buffer 10.4 ionic ser--.,gth) at pH 6.8. V, was Phcnyl1lnin 5.10 0.66 0.38 
188 cc. Total 99.41 85.63 2.32 

"1itgrains anine. ;iid/16tg N 

wivcd destruction during hydrolysis ofnichilo. dark-colored protein. The lautt was t:oconut glohl~ijiu. 
nhinin amino acid .'libi;;tin mixtures. Two 0.95M NaCI, buffcred at pI1 8.2 witlh The eliroumlogiaphy of tie .Lo'ont 
%impletely independcnlly prcp.,ed 0'of fra:- 0.01M Na IIPG 4 . prot.in on Se.phadex (;-'00 Ii;idbeen 
imlis were analyzed and the amino acid anmly- An est imate (f the moleular weliht undertakel rI %a rlue.m; of pi rifyiIl,ithe 
wi,uf each wcrc done in duplicate. of the. protcin cIponenlts ws adc b'.t co o protlill. ilwever. liC:it Sep-

RESULTS& DISCUSSION Scphadex chrom:itography. A calibralion .1r:ion into different ii1.leci:I.or weight 
cirve of vul" il' of clulion vs. 1o of coilponen| IsrlmIp u11,I41 col'ier tihe 

A TYPICAL chromatographic ,eparation molecituir weight is Shown in I:igure 2. pr=operti, (if lite co)imi-i3 itx ip.iialcly. 
oif the coconut protein by Sephadex The volmies of chllion of the two n.ljor Somv of tie prpvrliv; uf the cniUpo
(;.2OO is shown ini Figure I. Thc .ecolld protei compo1nv1, were 25 cc :"lid 365 neuts ;,rc,uu i red to 'l'Able I. The 
and third peaks coniin all but 2T of the cc, indicati. approxilll nmolccular .=mnmno ;ieid an;l. , ivlle In.lale 2, are 
protein cluted from the column. The weight, of 1.5 x I0s ;nd 2.4 x I04. re- the averag3*e% o' duplicate .il),-' on cach 
r.wcond peak is the major protcin collipo- %pectively. Vo was 188 cc. More cciaralle f twi iiled3eil itiI) prearl.d. scts of 
nf.ut, containing 841,. of the total uitro. mlIech.ular weight delerminations weter samplecs. 
gen (by Kieldahli analysis) and (lie third not undrt:ken in view of the assumcd The sluhility I.ti piesruited inFigure 
peaik 14% (,verngc of scveral separatiois). hetelcogencity iftIle fractions. Spychalski 
Ilhe first peak is caued by light scatterini (1930) reported a molecular wseight of 
and contains ii ralhler small amount of 1.04 x 105 for the main component of 

mOO0 - I 0 

U ooil 

zll
 

W I -0- I-

TOTAL PROTEIN (mg]N/el}) omr,rltt.ot,on.hlto h I.IItrojnlihlll.l¢ow".1tllht 

c low,l)-.Iw.'1. .itip/l/q fl Itoo"r.- 10) IJ!I(:. 
Fig. 3-Deplen(Aktice
I.-.n 

of siniount (itllfrui.i (i$sulvett ,,it,,tall.inioutnt,of
I L l. Not'l W 

r.,rim.h 
l 

- -,,I~ltoltllttl, 
1 /I, .11sjh. 
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02 
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Fig. 5-Dependence of hoat coagulation on pH, Fig. 6-Dependence of solubility on pH, for the Fig. 7-Dependnen of solubility on Solt con. 

for the large molecular weight component. in large molecular weight component, in 0. IOM centiration, for the high molecular weight com-

NiCl. 	 ponent. at pH 7.0. Tho lowest salt concentra. 
tion shown is 0.OIM NaCI. 

O. IM NaC: 191 100 C," (a) 80'C; (=@70 *C. 

3 indicate that tile high molecular weight Figure 7. However, the cffect of salt is The values for intrinsic viscosity indi

component is not homogeneous. If it complicatod and varies considerably with cate that the coconut proteins have the 

were honogeneous, then the protein pit. At low plilt values we have observed a low viscosity expected of globular pro

should all dissolve until the saxiaiuin decrease in solubility with addition of teins. Viscosities were mcasured in I OM 

solubility of the protci,, is reached-and salts. NaCI at pIt 7, where the protein is all 
then no more should dissolhe (Taylor, The loss' molecular weight components dissolved. Under thee conditions the 
1953). The sir'st lile dependence of were considcrably different in their hcat viscosity is very low; however, at lowel 

dissolved proleini upoln total anioulit of coagulation .,id solhtbility properties. Un- values of ionic ,trenglh, electrostatic fac
protein preiit Indicates thai fractiol dtier Ile rallnj of conditions investigated, tars should cause a somewhat hi.her 
dissolved ill aimeaningfll pailal1wter of no significant precipita tion or heal coag- viscosity (Tanford and Buzel, 19 50). 
coconut piltcan solhbility. Withn tile lation of the small molecular weight For some food uses it isdesirable that 
concentration range of I- 5.5 ing N/t. componcnts \,; observed a protein be soluble at nearly neutral pit 
the solubility of the large molecilar The greatier heat stability of the low values in a solution of low salt cOncentra
weight compoollcts stes to he ad.'qulat'- molecular weirht protcinis could be tue tion. Only half of the high molecular 
ly stated by reporting, tIhe fraction dis- to the relatively large anounts of dicar- weight proteins are oiltiitlc under such 

solved, as was done ill Figures , and 7. boxylic acids (39.]p/16g N), and basic conditions. This r,:stricted solubility 
Ileat coagulation of tile Iairge inltlecti- aiino acids (28.1 g! 6g N). allowing (lie could have significant ilmplicalions ill 

lar weight colIpolnlts %vasat a Ili~i\iiiiiiiii posibility of IIiany intraiolecular salt considering potential food uises. 
at neutral pll. ,laIt it ;md i idgcs. tihe content is In summary, the coc on tt proteins callloss concenlrt nill" Alo. cystine 
high tenperatilic. as indicated by, Figitres higher fir tht- low molecular weight be conveniently classified as either high 
4 and S. Figuirc '1conlains isottirills at I colpllonelnts (3.45 vs. O.)8g/1;6g N) iiidi- or low nolecular weight with the bulk of 
constant lilt (7.41. at different salt con- catinig ,a larger noumbcr of stabilizing the proteins being of high molecular 
ccntrations. Figure 5 contaiims isothciiwin disulfide boids. Ol tile other hand, tile weight. Tle low molecular weight pro. 
at a constant s:ilt concentration (0.1 I), greater soluility of the low msolecular leins are quit soluble and heat stable. 
at diflferenlt lilt valuis. As might te weight ploteins could reflect the usual lhe high molecular weight proteins are 
expected. ire iprotciin is coagulitcd at illverse deplendence of solubility (In rto- heat coagulated at neutral pit valuies and 
low salt coicenitra and higher tellS- tecular weight of protein (Cohln and i low salt concint ratiosis; however. by 
peratutes. Alo, imore coigula tiotU oCc1 Is 1dsill. I943). Tile difference in both addition of salt and/or adjustment of pIt 
ill tile ill ange .I- 7, where it i%..aisumed solubility aiinI heat coagoulatiori of tile they may be rendered nonprecipitaible by 

.
minimum on 	 also lie attributedthere is chirgell the proteini. cminiponclts nmiglit to tenperatures, as high as 100('
 

Iletels %I,9tl rcposted tl1.1t the cocoliut the large diltflelces ill ahllatic ausiuo
 

pioteini; Ctc oily hactl coagulticd iII tie acids. vhich ire present ini very small REFERENCES
 
range pli 3.6 .1.1 . however tic tlidl not ailoillits ill tile Iosv itoleciilar weight Abbott. J.C. I UGG. " Pristgin HesAsurers. 

specify tie ,lvctlll ust.'d. coniponillits. ed. Gould. It.F. Amn-ri.n C.m-nical surgiey. 
The effect Lof pIt and salt on tile The dependlince ofteat stability on Washihngton. D.C. 

solubility of the high molecular weight 	 till and sall cllicenlration icleans that all Ilutterworth. M.tt. ..,tid Fox, II.C. 1tl03. Thr 
effrct of tr;.tmii-t in thr sumitlrltivhea-,t t 

colipnillent. is liiwin ill I'itiurcs (Ialld 7. of t hcsc varitiles iutst lie considered in value of cnesil iiiL-t., aild thr Itrrdirthinof 
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Heat Treatment of Coconut Meats and Coconut Meai 
by A. S. Siam.on S.J.* 

Food Ptodurts Research, Texes l'ngineering Experiene Station. Texas A & Af Unh'ersiy, College Staltia, Texas 77843, U.S.A. 

(RieviiedAfoniisIpt received13 larch, 1971) 

In attempt.r to deteroite the heat tolerance ofcoconut nirat and ro iostareal.samples were uiibleed 
to several tenpraturr.s for vary'Ina Irngthi of tiae. Pr#,iertls evahated were browning (by viual 
observathIn), odour, Isine destrirtion, protein slubility(it pl 2, 8 and /0-5, and nitrogen 3ohublity 
index. 

Solahility 3ardirs suiveit that fre.i roconut uwats rantul,Ihrat' lip I 1t00c air temoperatusre ('cootti 
layer temperature. 7N-.1c) without 5sstilieaut losf of protein solubility. At IIOc air trliperatsre.
thereIs loas ofsohisstlity atp/i 2 ,ussi, anlat120cprotei aohlihilitv ivtifirantl.v derras underatilthe 
plI conditionsexaine. Datus inshirlea tiarI d lsi gfty'ihnroicihitih'tyupon heating conut meats 
with hot air (t120'. 

roconut inealra tolerate 105'c air for at Irart60 min without .inifirant lost of protein slo/hilit)'. 
At higher tesuprratires (120'c for 15 inii 3alohitliy decreased.or longer), protei Unavailable lysine 
data indicate that latin' at 120'c for 60 nun narhAe.ly decreaes ilysine availability. 

Introduction 
cocoNut protein, only a minor portion of which is presently 
being utiliscd for human food consumption, has been shown 
to be good quality protein, with high nutritional ,aluc.1 
Present-day methtods of processing coconuts for oil, via copra, 
however, ulifise proccsses not .:ondtcivc to producing 
proteinaceous products fit for hum.an consumption. In the
preparation of copra, the water is uttally removed by %zln-orondiion
ovendryngtmtcrli:bl tocau'e bcteialand 
oven-drying, tinder conditions li:!le to cause bactcrial and 
mould gross th.: The oil is usually recovered hy ecxlklrs tt 
combinations of cxpllclrs and solvent c\tractors, at tempera-
lures which have been shown to reduce the nutritional valueor coconut lprotehns.3: 

The present studies ere undtetakcn hi an attempt it)determin e th e e r a tu ir i t i o ns wh ic h o o ttte mp e co n dl fre shlci i 

meats and coconut meal can tolerate \ithott deterioration ofprotein, as mneasm etdby solubility rore.: ties and loss ol Ibsine 
p n aso 

availability. Man) studies have been made on the nutritional 
value of coconut proteins - 2.'4 uisiug dilferct cocontl 
products processed in a variety of \a\. A prcvious study or 
Butterworth & Fox made use of sohubility and loss of l.%ine 
availability as physico-chemical methods of detecmining 
protein denaturatio." They started, ho%sever, with a tin-
dried produtti and, in the solubilit. tests. emplo)ed rather 
scvere conditions (6.-IlCI, 0.02%-Na()lI. 0.5s.-NaCl).

This piesLnt \\ork starts ssith fesh cocontt memi%and 
laboratory-prelared coconut meal and makes tise of solubility 
under different pi1 conditions (acidic, basic and itear neutral) 
and Iysine asailability a, methbods of dcterniitiing protein 
deniaturation.f.7 It is part of a larger project of deiloping 
proceses sshich \ould make available co,'onut proteins asan 
indigenous protein source in coconut-producing cotlntties 
of the world. 

Materials Experimental 

Coconut 

The coconut. utscd \ere food-grade fresh coconut., obtained 
from the sshole.salc market; theme \ee indications tih:t:t ite 
coconuts originated from Central Ainerica. After ciack ing 
th nuts and discarding the coconut \satcr, the meats sere 
removed from the shells and mantally pared. The pared 

SPrcsent adtlrcs: Departnment of (Chemistry. Atenco tie Mtlanila 
Unlersity. I.o)ol. Ileights. QOt.on City. Phlhppies

t Manufactured by the Urschl Laboratories, it., Valplu-aio.
Indiana. U.S.A. 

o Th pre dis e nderteninanatmoisture contcnt of lc, than 2% 'tie dricil meats v.crc 

meats were shredded ino smaller fragments using an Urschel 
mill, Model Comitrol 3600 (cutting head 2.K.02006011)t. 
The shredded meats contained 47% moisture and volatile 
materials and 38-5% oil. 
Coronut areal 

Coconut mcal %%as prepared by processes which ,,,ere not 

cexpcted to dcnatui proteins. ih fresh coconuts \',erecracked and thc c(cont s ater ':as discarded. After removal 
from the shell and washing %,ithwater, the meats .ere sliced 
into smaller fragments ,th the Urschel mill (cutting head 
2-J-03051011). The shrcdded meats (s\hich incltde the teta 
or paring,,) were dried undle: vacuuml .'t.1(]"u for 2.1Ihto a 

further comminuted by the Uischel mill (cutting head 2-K02 3 5 , pr o t o t c a t n y %\ ri ex a t o s %k h 
020035C), prior to defatt i by seieral extraclios ithhy
,
en.Rcduhsoets srmoedsihdyar.M l 

obtained had the folltsinog proximate analysis: protein,
22.2" (N • 6.25): moisture and volatile materials (upon 
equilibration at rom temperature and humidity), 99 % 
oil, i bai sh, 5-2 ". and cr udefibre. 7-5 .. , " 

,
 
Niethods 

ineagiim of 11cnits 
he shredded meats \sere heated under a dratght of air in 

a bo\ equipped sith a heating coil and fan. The tempera
tute% both of the coconut iItetts (la)r thickness 2 cm) and of 
the ambient air inside the heating bus sseve nuonitorcd uing 
a thrmocouple andi t ermometer. To achievemnore esen 

heating, the coconut bed \sas occasionally %tirred. Heating 
was continucd to a moist tre level of 2-3" . following moisture 
analysis procedures of A.O.C.S. 1 

isation. the dehydrated meats 
extraction ssith hexane. 

Peatingofn'al 
MThe coconut meal was heated 

Piior to further character
\\re defattctl by Soxhlet 

in a forced draught oven 
equilibrated to tie desired temperature, for a predetermined 

length of time. 

l.tietiot oflitrol.n 
Samples (I g) of dehydrated and derailed coconut %\ere 

extracted with water at room temperature in a total volume 
of 20 ml. The dsired pI of extraction was nain:.aincd s%ith 
I1{1 or NaOll. After centrifogation at 7710 :.xg (Sotvall 
11"2-11 Refrigerated cntriftge), tie extracts %ere filtered 

tl.111gh Whatmn Filter Paper No. 4 to remove flocculent 
materials. 
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Nitrogm solublility index (M) Os)N determined 0MA.0ding TAI' I 
to stundatd A.O(.'.CS. metlhtils.I l rt tmul iormlt or riorl, 
Anal)ical 	 Air 

Arir. T'iiv. mill rcmidinr. '- 'la e. 
" 

%m l 
M,?istuic. ash, oil, and cmdc lilhre %%ere dclcrnined by tlip.. C (CocotltuI,: .ttjiii t, ,,1vti. 

statndard mcthods.. Nitrogen (protein cstimmted a% N x 60 30 55 (., 26 
6'25) was determined by stanmtlmd micro.Kj ldahl proccd- 70 25 55 .60 2.8 

.urcs.10*' Aminto acid analy.ss s're obtained on I:B'cman 80 25 65-70 30 
Modcl 120(: Amino Acid Anal)/,%s, foIlloinig the pto vdurc 90 25 63-68 2'8 
or spackmn hloorc;' - tlnavailahe I)eine wal dete incd 110 20 78-83 2., 
according to the proecdure of RoaI h el l.1a 	 120 28 78.9 2. 

Results nmd lDiClliton 	 In tcrm, of the tonmpcral:%of the comonut Iay'er its'lf 

Fig. I, giving thc solubility of protlcins ftoni heatcd coconut (Tablc I), the solhiliv data inite.He that heating Mslitch 
samples, indicates dcnaturatioo of ..oconut protein% when raises the elTcctive tcmpera,tirc uif thc mieals to higher thm 
coconut nicats were heated \sith 120'c air, and a partial 80"C will iWgin to Camet prolcin etnalo.lltiIIIIn asIvinastied l') 
dcnaturation at I l0°c. At hl. ," tenipcratres,, no such I-ss of solhbilily. 
denaturation was observed, as meaured by' solubilily ,tttdics. In the casc of cocomut meal (Fit- 2 .1), Iti.atoient w\vi air 
Under acid conditions (p11 2). a marked loss of ",luhility heated to 150'c ',;I% almost immediately detimen:.lIl I,, 
was observed for coconut meats heatcd at 110 and 120 c; at protein soluhility .f coconu t proteis. C'ocomuil m ,il I% 
p1-I 8, there %%as a signiticant decrcase in soluhility for the tolcrant to 120'(- for ;ashort pv iod tolimc, but after IS min 
sample hcatcd at 120r andia slit de rcase for that hcated at heating (FIp. 4), thei'c .mc indiati ni it1 loss of piotelli 
I IOc. At pI-I 105, only the sample heated at 120'(- soluhility atlpll 10.5. "lhcdata.'lsos,.s thatc omnlt m'al 
showed a notable dccmease in protein solhility, although the can tolerate tenpfcratires up to 105 c or is lotg as (0 mn 
samples heated at 100 and 110 ' s erc Icss soluble than the without protein denaluimtio as ncas lasme hiiyprotein olh. 
other hcat-treated samples. bility. 

80 	 t.] . t. I "1 - 1 ]80 

so soI 

0 	 $ 1 0 u 4 0 To )0 to so 1) 
pH SOME. 1. 

Fta. 1. Protein .olhbily tof lingateil coriontl I11Sll 1tci. 3. Proteim ph, ifil)' of heateI ,',.rc.t ,ea Ii pl q 
0 60': A 70': 8O0'. 0 90;A l '; 110%; x I.O*c 	 • Unired ncal;. 60" 0' 90'; A. 10 I t.'; 0 I.1Oo: 

Il________o so-

*510 

so..,...5500 	 • 

10 70 )0 tO o W0 	 10 10 .0 to s0 

FIt,. 2. I'ruPrlitu ,whdhdlily ut hr':.hlr,'co'uiul a phl 2 I:Ic.4. I'.,'trhn suuhibility ii lofhetrl cornuat m,'l at pI 10"5 
0 tJniml 11t- A W. 'o 0t tQt'; U • 0 9*; A tO3; 11 I210%I1 W; A It s 5o't' 	 U1.ice1,11inwil; A W0'. m t3O'c 
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7"rsi1,,wnl f (u(,11 Aleut tud A14,1l.Sulilmog: lih'ut 

TAt1 It .... '- -- r--11-

Nitrogen solh.tilil) IiEit (NSI) ofhet-frtaatd mralhi 

Air tcmp., 'c Timc. min. NXI, e/. 

221 

70 25 23"3
 
60 30 


25 26"9
90 
 207100 20 
110 20 19'3 
120 28 16"9
 

Table It gives Y. nitrogen solubility index (NSI)results for 

heated coconut meats. The values obtained, for still un-
explained reasons, %ccinvariably luoer thai, thoc thaincd 
for heated ocont i mcal. 'lhc-c low values %%crc obtained 
even for coconut nicals licatcd t hesscr tcmpcratures. .VSI 
values indicate sig,,ilieait dcilratuation Mhen mcats arc licatcd 
at higher than I IO ' air temilraItuc. 

Fig. 5,NSI of he:ted coconut iiical, confirms that hliating 
coconut meal at 150 c den iites its protoins and, at 120 c. 
Such dnatlutlition is 0albilthlt doabsIable. 

After heat treatnent (and dcfatttiing in the Casc of coconut 
meals), the appearaice (colo)r) and odoiur of thecocoiut 
samplcs w-cre organl epltically noted. thc ticated coonujt 
meals varied frtom aliot ,shiwe to a ligthbrown colour. 
SanpIcs heated at an te1wratni e%toc:r Oit 100 c'(coco-
nut layer tiothighcr ih;,it 78 83 c) raimped from atl-t %shiitc 
to ivory; ilowc heated at 100 "(it higlhct St1imcd a hi(miish 
hue wvhich h.canic a dclinile hrimn at t 2.) c. 

Each of tlhe cocontit its. aftt hcatiie. had a eltitociris-
tic Coconut smell. "Thos healied :,ttI00c or higltr hal a 
slight brned odour. Agaitn, i iii the cawsof cohtur, this 
burned smell was ntictimore pronounced prior to dclling. 

In the case of cot.nut iiioil,. iLi,it lsing %'as ,t&.,i ,ed 
whentihc ncal was heated at 120"' or highcr for ioe thal 
15 tain. Btrowning was also (i seived for nical treatied at 
105*c for 30 min or longer. Thole %%no browning idetitas , 
inany ofthc meicls lic)ted at 105 30 nun,c for tess thani or at 
any of tic losscr tcileralrcs. A eliin it odour (burntias 
compared with the Ia%% coconit smell of the startiiig nical) 
was pcrceptibtc ilallsaiples ic;itled at 105'r or highit, sith 
the burnt stncll niOt pronounced ssith htigher teInperat urcs. 
The slight toastcd odour was a o observed %%ith samples heated 
it 90'("for 30 minior longer, 

0 

a 0 10 30 to s0 
7r ., 

6.
 

Fu.5. NSI ofhealedcipcontilmeal 
UnttUAICd eal;AGO'; 0 90;A 10S';0 120';N 150-c 

These observations on odour and colour of the hcat-treatcd 
samplcs. in conjunction with Ihcpreviously discussed svlu
bility data, suggest Ithat visuial brosl iiing and a burnt odour 
may bc used itsca,'ty warning signakl of incipient loss of 
protci soltuhility. When ttiec cUinU saniplcs ha ve dcliiiitcly 
turned bro%%ii and have a toastcd odour, protcin solubility 
will iclow. 

Amino acid analyscs (if tile heated samples arc given in 
ibtes Itt- Except for lysinc, there were no evidentV. 

44c1ds illtihc overall conposition of-amino acids as a rcsult of 
the aiiount of licating cniptocd iii this research. 

. rlysinc ee 
According to Tabtc VI, I)siic availability is signilicantly 
reduced by ticating coconit me;its to 120 ';at Iter teinpera
tures, no such dccteasc in lysine availability is observed. 
lale VtI sti. Itat timlysic availability %%sanot siglnilicaitly 
alfectCd, if --t all,by tealitg collcnut nical to 105c'. At 
120c(thcre %as a nia ked toss of available tysinc %%hen the 
ticat alsheated for 00 min, and sonic nainor tos% at 30 min 
heating. At I50'. ho%%cesCr, both total and availatile lysinc 
disapp ared quite rapidly. a further coifirimation of protcin 
denaturation at that tempciaturc. 

These results teported for cocotint meats and mcll preparcd 
in Ihe laboratory cai prolitably be compared with commercial 
desiccated cocoiiut aiLd h-iprCtaarcd copra. The heating of 
cocolut mcals simulated commercial processcs of preparing 

Data on "ihititymore informativc. 

TABLE Ill 

Andno acid roniposilhiw of lict-trcriled coconut nieats, . protcin 

Meal Meal Mcal Meal Meal Meal Meal 
Amino acid trete at(O"c ror eated at70"(" for treated atNO0'cfor treatcd at90r for trrated at00"c for treated atII0"C for treated at120"c for 

30 min 25 nin 23 mill 25 min 20 mill 20 nin 28 min 

Lysine
Iistidiie 
Ar'ininc 

3.8 
2"1 

15"7 

3.8 
2"0 

15.2 

3.7 
2.0 
15.0 

4.0 
2'0 
15.7 

3.5 
2'0 

14.9 

3.8 
2"0 

15'8 

3-1 
I.9 

14.0 
Aspaitic acid 
T'hrconini 

8.0 
2-9 

8-4 
2"9 

8.2 
2"8 

8.0 
2"9 

8.I 
2"9 

8'0 
3"1 

7'9 
2"9 

Scritie 4'5 4.I 4.3 4.2 4.4 4"1 4"4 
Glutlamic acid 19.7 19.9 1.1i 19.8 18.9 19.6 19.7 
l'rolinc 3'1 3-3 3.1 3-2 3'1 3'3 3"3 
Glycinc
Alanine 

4'1 
4.0 

4-2 
3.8 

4.1 
3.8 

4-0 
4.2 

4-0 
3.8 

4"0 
4.6 

4-2 
4"1 

Valine 
Mcilhlonino 

5.1 
1.8 

4.9 
!7 

4.9 
I"8 

4.6 
2"1 

4,8
1-7 

4.8 
I'7 

5.0 
1.9 

Isoluclcilc 3-2 3-I 3"1 3' 3-I 3"I 3-I 
I.cucinc 6.3 5"6 6"2 6"1 6"1 6'0 6"3 
T rosine 2-6 2"3 2.6 2"5 2"S 2"5 2-6 
Plieci)halnino 4.1 3"6 4.3 4.2 4'2 4'2 4.4 
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TAUo I IV
 
AminJ~o ac'id 'olimili,ii ci~fht'al-Irriltd ctiml'IU rnlcil,'",'protivin 

LJlilrcacd alw.;l aiil ,1liL'% ticoicid flli ;id Ismm 

Mcal Meal Nical McaiI Me.'al MlC.I 
Amino acid UntruLalcd Irc;ltcd ilelied at Iivi.lcl i ; tiwated at at Ircahed i ie.lild .1Incal I.SO u for tbl(*for 90 : for i05- for 120"4 |o, 10 c h41 

5min 15 min 15 noll1 155min I ll 15 mm 

Lysino 3'3 3'4 3-4 3.8 3.5 3.4 2-4 
Ilimtidine 1.7 1.8 1.7 1.8 1.7 1.8 5.7
Arrininc 12'6 14.5 12.8 13'8 13.9 13.l 1..5
Asparlic acid 8.,) 8I. 8.1 8.3 8'4 7.7 7-5
T| conioc 2.9 3"0 2"9 3'1 3.0 2.7 2 8
S;iinc 4.5 4.3 4.1 41 4.3 38 ..18 Clutaillic acid 20"2 19.4 19 0 19"2 20"0 1578 11.I 
I'luoblc 3-6 3.4 3.4 3.1 3.2 3-0 3.1


lycino 4'2 4.3 
 4.0 4,1 4.2 3.8 1.,
Alaninc 
 4'5 4.1 4.1 4.1 4.2 3"8 3 b,
VWline 5"4 4'9 4"8 5"0 3"0 4"6 4f,
Mhiliuninc 1.8 1"7 1"7 1.5 1.5 1"4 1.4
IoCucil; 3"3 3"2 3'1 3,1 3'2 2'9 3-0
I.ccinc 6"2 6.3 6.0 6.0 6.2 5.6 5"8

T'rosinc 3"0 2.7 2.5 2.7 2.7 2.-5 2 .1
Picn)'lalaninc 4'3 4.2 4.0 4.0 4"1 3." 4.0 

TALF.r V 
Arialio aicid comriptitl Iieor fiut.tra ted c',conil ienal, %,pr scin 

Sa|ni)IC IiLalcd for 30 and (.0 mili 

Mcal Macl Mil Macl McAl Mcal MC.d Mc.ll
Aino acid trcatcd at treated al trcatcdit lcated at Ir0.iled ;t Wrellied at licalij at ire.id .o60 c fnr 90 ftr 105 ( for 120 fI 50 c for 10s , 120 lilt I O I" 

30 min 30 min 30 min 30 min 30 min 60 mini C0 mm ,(nmn 

Ly'inc 3"7 3"5 3'6 3-5 2.0 3.8 3'2 1 9
5Iistidinc 158 
 158 1.9 1.8 1.7 2.3 I-M 154 
Argininc 13'8 13'7 14"2 14.7 11.35 14"6 138 9 7
Aspartic acid N.0 7.9 7.9 8.0 8.0 U.3 $.1 7.6
Thrconinc 2'6 3"1 2"h 2"9 3", 3'1 2.9 2"7 
Scrine 3"8 4.5 4"1 4-2 
 4'2 4.4 41 .1 9
Glutainic acid 18.1 18.4 18,9 19.3 19.5 19.4 
 IN9 I8 1, 
Proline 3"2 3"3 3'1 3.5 2"5 4'2 3'3 3.1
Glycinc 3.9 4.1 3.9 4"2 4'3 4'4 4"1 4'0
Alanitic 3.9 4.5 4.0 4.0 3.9 4"4 4'0 3.6
Valilnc 4"6 4.7 4.6 4.9 5. S.5 5.0 4.8 
Mcilioninc 1.5 1"3 1. 1I6 1-6 I.l 16 I -(
 
Is3ctlcinc 2.8 3'1 
 3'0 3"3 1.2 3"2 3.5 3'2 
Lcucine 5.7 6.0 5.9 6.3 6-2 6.4 651 6.1
Tyrosinc 2"4 2 6 2"4 2 2'7 2"7 2"6 2-5 
Phcnylalaninc 3.9 4.0 3.9 4.8 4.2 4.3 4.2 4 1 

desiccated coconut, except that thc tcnij, '."s iscd in the hulder.,,itlics to thank J.I. F.A.O.. Paraiuaribo. Surin;l|, 
labonratory %,crchigher tha the 60 .7.1'( for s of ,un.dricd copra and the Jell-o Di',ision.rt.l;eId ror com- simpl

I
nicrcial preparation of desiceated etu.c'utit.'he copia ticd Gcencial I'oods ('orporation, i)ovcr. )claare. I.S.A.. for a 
was obtained from Surinam and %%asdried in%olarhe;lt- Itets.' 100 lb bag of Iaker's deicecailcd cocoltit. * ic technt;ical 

Fig. 6 summariscs thc solubility 5k'lia ijour of conmiiuceial assistance of Niary C. Custer is also acktimkledged. 
dcsiccated coconut and copra. This copra has a solubility 
profile like that of ni=chated Coconit weal preparcd in lie 
laboratory. Thc desiccated cocont, ho. cew.,show . a 
markedly l5ocr solubihiiy thaun docs copra. The copi. gives References
 
an NSI valc of 41 .9 and tilettcsiccted coconilt of 25 9, . .oo .C. PJG (F.A.O..Ii.().IU N.I.C.I-.I:.) Dortmrnt.
 
confirming Iss of prolein solubility. 1968, 9/8 (ltomc: F.A.O.)

Thc figuires from amino acid anal) sis. ho\cv'cr. indicate 2. Srecnivasn. A., & Ujackharan, N.. J. Fd.ri. Technol., 1967,

4.59that lysine maiilability Is not len %ijuilicatl) reduced for 3.MilhelI. 1t. 1I., I Inilltun, 1. S., & litadIcs, J. R., J. Mur.,citlher of the produicu (Table Vili). 'Ilhi 1945, 29,desiec.lcd cocollut 13 
is;erfectly s%bite and does i111 have ain)burnt odour. 4. Pctil., L rurdtuc Iilitersily (I hid.)At- %.T',ue'o ufacllct 
tempts arc Iing made lofind the ca' ei o1 Ihe anonl1tis 5. liiicittili,M. II.. & I os. If.C . Br. J. A'wr. 196.17, .1156. IW'imilm~l. I... I-ranil)lon, V. I -.Allcii, L..L .,& Hill. It. A..
soluhility charactcritics of the coniwCic.al deiccated c'%'o- J.'ic. I IICh 1958. b. 77.u'm.. 

nut. 7. Gi0;U, C. H.. & ('a'iitl. t. W.. in 'I''itc.lplant prtrin

foinstutll'. (A.,\lchl, A. M. I d.) 1958. p. 15.1 (Ncw Yolk: 
Ackiiol h'fildge;i t AcdeniLi" Pi ) 

This wolk was suppo;ited by the Al.vicy for hile;aliinil 8. Salol. A. S.. Khlomid. N.. Clcr. C'. NI.. & ,itllil,It. K. F...Dvlmh.o.n.ll' li,I I "rhmil. Saolil/rliriwit. 1970~cVeltopncnl, (uuiitr;c PliT 91.1. 7.3.. ,0. Mid tlilaivc 196,). (('hicugo:lJ0.S(, 1. l; '()OiCiAl ellimlhuds,(31d cdn 
the Agency's hell) is g atlefully aekklli l\t'dlgd. 'lhe itlhor Anticai Oil Chcinisl; Simicty) 

J. Sd. Fd Agri'., 1971, Val. 22, June 

http:coniwCic.al
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316 	 Samson: Ii tnewlntl of Co¢oal Aral and ,1feal 

TABL. VII I ,  10. iclaiit Nio. 104. 195') (silver Spring, Md: American Instru- A railhle lyJne rr-%lh%n heti-lrem rd c ocnut n w- % prteinnk,,ll (',,ra p.11y) 

II. Mille. I., tc lihlo . J. A.. J. hi.l. (hem.. 1945. 15) 373 
|Icat.trrutncnr linics12. SpaIcl urii, I). 	 II., Stchl, W. II.. & Mole. S..Anay'. ( hrsn.,

1958, 3(, 	 I l1)0 
IS ma 60 mai13. loach. A. (i.. 	Sanderson, It., & Williams. D. rI., J. Sri. rd Temp. 'C _ _ _ _6_S5_mmnmin_1 5_m in_3__30 min

Temp. Oc 
A -rr'..l'. I, IN , 274 

60 Total I'sin - 34 3-7 -14, Child, It., "',conuti. 196.1, p. 175 (L.ondo: 	 Lonsn1rnns, - 0-2 04UTuvaIible lysin 02 0.-3Allvailnhlc lsic 	 -Grccii ind Co.) 	 Il[o!(CNl'l/821, l'roc, 3rd1. 	 fltlr, J. M, F.A.(), lidhlimlion 
lrocloc 'inn ,

). \V i rL i. I'.,i y n i; C(oc ,onut 
S .im I'.A 

Prit,.ti-.on and l'rocs,,uug. Jirjak l. Inchwcsia. 19 90 Total lyinc 3-8 3"5
 

Unavailable I)sinc - 0-3 0-3 (ltome. I.A.O.) 
Available I)%inc 3'5 3-2 

105 	 Total l'inc 3'5 3-6 3-8 
Unavailahl l-sinc - 0-3 0-3 0-3 
Available l),inc 3-2 3"3 3'5 

TABm,. Vt 

Asllahle l),lne resullt, on ie't-treatcd coconut neats 120 Total lysinc 34 35 32 
Unavailable lysinc - 0-3 0-4 0"4 

% Protein Available Iyinc 3-I 3-I 2-8 
Tempcraluic, 'c 

,8 150 Totnllrsinc 3"4 2.4 2'0 11"5
60 	 Total lsinc 0-7 	 I.0 1-3Unavailable lysic 0.) Unavailable lysinc 0-4 

Available lsinc 35 Available lysine 30 1-7 1.0 0-2 

Total lysic 	 3-8 Untreated Tota' lysinc 3-3
70 

0.3 meal Unavailable lysine 0-3Unavailable I)Sinc 
Available iysinc 3-0Available ly%ine 35 

80 	 Total lysioc 3-7
 
Unavailblc I)Siiit 0.3
 
Available lysine 3-4
 

1 -- Vr 	 -t0 . 
90 	 Total hv.ine 4-0 


Unavalable I)sinc 0-3
 
Available Iysinc 3-7 I ,
 

ion 	 Total l>s~ne 3' 5 

Unavailable lysine 0"3
 
Available lysine 3-2
 

110 	 Total hvsinc 3-8
 
Unavailable 1>'ine 0-3
 
Available l) sine 3-5 

120 	 Total lyshic 3-I
 
Unavailable lysic 0-5
 
Available l)%ine 2-6 0
 

PH3-3
Untreated meal 	 Total l)sine 

Unavnilabl lysinc 0-3 

FIG. 6. "Sohibifiyof copraaind desirrtttedcoclnttt
3.0Available I sinc 
x C-conut nicaI; C'copra; El deicsiced co(onut 

TAeB VIi 

AmIno acid composition or copra and desiccate coconut, 
protein 

Amino acid )csiccated coconut Copra 

Lysinc 4-I 4-I 
unavailable Iine 0-3 0-2 
available !)-sine 3-R 3-9 

Ilistitl eln 2.0 2-0 
Argini,,c 16-0 13-5 
Aspartic acid 8-0 7-8 
Thrconine 3-I 2-9 
Scrino 4-4 4-3 

19.9Gihitam'.ic acid 18"9 
IProlinc 3-3 3-5 
GI>'in 4-I 4-0 
Alanine 4-4 4"4 
\'alinc 4.5 	 4.7 

I -7Mtuthionin 	 I 4 
3-I
Istllcui 3-2 

L-Utine S-8 6,I
T)',usine 2-3 2-4 
l'hcnylalanine 3-9 4-2 

3. Sd. Fd Agric., 	1971, Vol. 22, June 

http:Gihitam'.ic
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Preparation and Characterization of Coconut Protein Isolates' 

A.S. SAMSON S.J.1. C. M. CATE 1, unit K. F.M.ATT IL. Texas APAM
 
UniversitV, Colic Station
 

ABSTRACT 
T11c foil wicir protecin (radinns Itavc twen sciirgalcd ftuto dricd, dchl.t freils 

r11 8.COLflUt rnejlv 1) soliicle .it 1p'1 2, Itret-pit.1teid It pit 3.9. 2) aoibc;t 
prccipitatcd at ph13.9; 3) !'licble at jll 10.5. pirciu~led at il~l 3.9; 4) c ledtt
scquenfiathy al: I'l 10.5 $iliu lilt 8 u~~iliile 11isttI litt.leqiwnttly pf,:,tptt~ttvd it Ji 3.9; 5)
vxtfrfal ;it I'l by I .11%14(c;'t iript I'l l11.)~hInki i t.~rj .11 
and 7) p~tieiii reoiniitc. in i;ii 3')1 lie Iewvcfh% %%civ 1) .1 it)I ?)3)wi. .11 1 1) 57.: 
(it 535,: 21 31 to 3-; 1) 14I w '9.;. 5) 4it) 5.1 6) 9 to 6'.,.54 11". .111dl 7) 3 to 

pihosphoric. .1,eii.c.. nri . Idi ol the~ pfec.3'i1.ited islac s%%iedtwd by
Iyorlh..tiim ul. Wliic 'it of lkw i'.aihie. .. re (11i11%ollbl at pi1 2, IOtce v.:r,' .it1s1nti1i
difkrcc-s in 'ulubih.w% it 11 7, li. it! 10. AliIie wr'pi triile tut' 11114 
to 15. Tbc unuito acid oft l wr of tic imlojaic%did n' .'t ~ly w-Ixd:>~ Iiui 
11121 or the or1ilvuii 111c.11.1 P1tv ,.lut:~ %cre snteltlich lii 11:r III hytitle, i.utrc 
and Cluiinc acjid and lt'tcr 'i 0ic IV111:11i.in .1ino1 acilhu. 'II, I- jnhic e.t.1d 
sctlui;ni,t'ti' .1ip'1 10.5 froill Jill Ii 'enjt' v-. limer fi 1) inc an:.I gla i vt cid. 

Alvilthutcss f icn ct:*iv mczuurliti 11 i 11iricgI0t 4i'l~i' Me'~ii~ i)laC it 111C 

produclico of ((o , 10 inIIfcii det.ii ll 111,i plit ueii. footds. ' liw' 
*world's cocoL1L. y-,h1ld i becic ' ~ !t. cj*i aJ.; ,~ . 60.1il*.ai ;:i.
 
tolSls~ ili (I). 'Des.c (! I~i letcl Coous md foi riltd;a ild dco nol
oilly InC~Iit) 
inlutde2 ihose tisci! (iie:1li'. low foo :. TiN ailillu of copa.Iis itaydy eiitlivai1clit to 
'224 uuilimi K-g.ul' pro i"'i sni rltocrl X 6.25), pitibably noneW of whichi ishm 
we for 114,1131 root]~~~uiiI2m 

A protein Ilioni g of iiti (ial Can tic obtained fromi Ccoomils 1)byictiival 
of thr oil :;nd wler..S tdics hiwi': inldicated th'ii thu. protein ci ficicy roltio of 
cocoli ni flow "scojInp.I rabkl 11) Iilil of C;I i (2). Proc cm efficiciuw 1:.i tsc iui~ta~u 
v;ah1c, nei ploleil tltiliia;tton, mro u!mtililvj valties fmr ccmili produtcts mwI'tC.%t 
goodt uttirit ioluli quit1\1t Wr 001CUBUlI lI!0tC;iI (3). Yet, Iire'~ent %vidpracti:ce of 
Mindhilt- rowtros thtrocli ll tinlet tl o:i,'coj)1. pidtices atprolciii mieal, after
oil rellicval, wvhichi "s 110i. for 1111t113i conlsiutupi loul (4.I' Iulieutmore.notai 

a~ik fbcy of coconlill 
prolcin stippkncilt (5). 

Df.lUs, of the low p Cos.ntenti of cocontit flour and its hig~h fiber content, 
even wheni prepied und..: conilit otis w.hich ie.ndcr it wuitab~e for hutman food tise,
protein isolatc-S 'rouCconx'uts tlex my aetled ignificancc in l tlempts to imikc tis 
of this mituppc7d j.outre -if f.;ud prot1.-m. Iwl itcs, oviier 80, po olcin anid ve'ry 

thIll con l[cut flott. (9 to Il') h ini s effecl ivedy its Ilse as a 

l'r,'~entvft a't SO)W70. Th'irdI latrot,.1lt Cnrw % of t ienanh ... irtt. Tc'linot--.~v 

by file Ale%tucy tnt ,,,jDggr~,I I.s.tt, t''u .wt vim'r 9.,WI I. 11I1ibilt1, 7.1-:11:I1010. 
2 Vi'rti 1tavil s. I)e'. i t..iti it wwt .#v1*, Au t irti tic t1Ansh Iiiflttrsi y. Lnyu'14I livi11 t. 

t t 

http:60.1il*.ai
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low fiber mlil'felnt could he ''send lrrc c.r.ily as food sllpplcments. Frilitlhciorc, 
like soy piofeirhs or c.ascii, coCnnut ir't lin i'Ohollrts iy aoC) filld a(dded valie as 
thc remilt o nlly ia'oralildc fiiclion:il ,ripcrities Ilcy Imay jxrcss. 

preiions tllllics ill tihk i;lbolatory r':,vc shownelh:rt Coontll nilcl (flour), 
COtl:iiuiu:, 2"1 p'oici and C;l i t cxcc'vc hec;It Irt.atilcllt,vithcorrt 
disLp)i cd ,litahle sliurilily for cfficil l c.\1raC llll i til i or s.lt;jCitiIi it0nliil-

soiliiolis (6). "lesc hnve'5 li;:itinns Showe d Imat it XvalSI,',oilc to lohlill FO'to 90% 
protclin S.hrhility withoutl fsI lig to cr.ymat ic cxtrction conditions, as 
s$ir,.escil by Ci lidi :scil.:rrai a.rid King (7). 

Pelcis (R, p. 6) has ri,:prc(I coconit ikolhics from , mildfrual wct-li'ccss. 
'ICNtionll linitilic of ,Sicklice ;|nd TCClmr-.oiut~u-;y in 'Thl h1 ililppIiies hs opcrled a 

pilot plii ill ,,hikh coConiuii p1micin coirc,'ntratcs and iatc have becn 1,;cp.cd 
fron glr1.1iutcd Cocnut)ii (9). 

Guided by datn olIaiiiicd from preliiininary work on the soluhilily or 
extlaclability of Coconut prldinlls, Ilicsc lirsoiet stuclics wclc ci l',kcn to 
chirictcrze coconut piOtcim isqlatcs irclpaicd undcr a ..varicty of cxti-clion 
condilions. 

MATEMIALS AND METHODS 

Peli'al;on of Coons hieal 

In thc production of coconut meil uscd for the prcpaf;tion of ikoltcs, Cire was 
taken to use .;tlps not clpclecd to deilluic proleins. rcsh cocontils wre ciackcd 
and the mk'at s renved from the shlils. Afc r slirclding tirough ill Urschil mill, 
Ihc nats \Vcrc delydraid ii a free'.c.drycr, then solvcnt et iactcd wilh hcxinc. 
1CA so obltilcd, after further inilliig, contained 22.2o plOteiin, 9.90 moislur 

(fter cqiluidbatioint roon, te.ipcraitre and hmidity), 1.1% oil, 5.2% a i, and 
7.5, crulde ibc (6). 

Peepeiruon of Coconut Piotein liulalm 

Coconut meail wias ilurricd in %vya or sail solution to thecr adjtted 
predetermined pIl of extraction, it a 20:1 solventito~iia I ratio. The mixti¢ vas 
stitrcd for at le: m 30 min. on anignetic 'lirrer :nd the pll re:rlj iti, if irccessry. 
This was followed by ccnlrifu,:ition it 5,900 X ., for 20 olmlh. (Solvall RC2.-B 
rcfrigerated centrifuwe) and suction filliation ,hVatiman i'h..r Impel No. 4) to 
lici.av' iov¢floccuiet l eric s from tIhc si'irlitit e-xlract. Tihe extract wars then 
adjusted to p11 3.9 and cuilriftiic(. After dec:rii lim the stiplatarli layer, lhc 
p cipitaled pioteills were \v.lsiecd once with , '-er.Mc.iuwhic, the rc idhh, ftom 
tie initill ex: r .rtion %%as rc-.xlt.1cacd it Ihe ppiopri,.nte pl1, -.nld the i)Votein 
sepllalion proc drrc .ure 'rhe a d mnbined.tc. irolcin iso.ls wet'¢c lyophilicd 
Fi uie I pres nts sche .itic outline of Ihe exti;,.clion procelrtic. 

Solu!bilily of Protein t'Oate% 

(0hr after 
adjusting pli with I!Cl or NaOlI) and stirre d for at least 30 ntin. at roon 
te pera tire. After cenitifrti-ation :t 7,710 X Zfor 20 min., tie extract \%;:as filtered 
to rei.>ave floecullnt mluterials. An aliquot of thc sipr:lilvitnt was taken rot 
Kjchlalhi nitiorin nal!ysi.. Percent nivroicii clractcd w%-as 

The protcin isolate (400 mt.) w'as shirlicd in '10 ml. (total volume 

computcd fhom t)e total 
volur.n of sol\ent uwed for tic extraclion. 

http:1,;cp.cd


-41- Appendix D, Page 3
 

184 COCONUT PIWI}oiN ISO.ATIES Vul.48 

I *Jj~*| pI0*.681~.; ,ah.L Ja-iI we-

JuJJ. Bllll t
u M I]

~m~ -,.;).I..I.......
*s:*'jp M 
e,ol,as i. reo,.j- *.i@I.. 111by&.1 .4 * II (.Mostu ,a .1 e - e 10). 

wer o tl'oB i el 1 . aid o). / ___),. 

"A-S AN DISCUSSION..... 
Fi.1Extn tio po relforca nu p|ti aio eisol os 

4.a+IlII.ol
 

ljqhMi.d
 

Fig. procidurc2. Ftinctnonfor cocrnut iiiotednhopaccs. 
u lvi( 1an ,pu nclr yM .Tou anl C M I. -t Tv MN 

M|oisture, oil, ash, and citidc fiber wverc dcterfnincd by standcaid methods (10). 
Nitrogen (protcin cstimwitcd as nitrog.cn X 6.25) was dctciinincd by st:,ind.Lid 
makcio.Kjclahl (10.11I) or mi'rn' K(jhl:,il procclu ics (I 2,1 .3). AIiinho ;id ali:il)'.s 
wecre obtained on P,ecknian .Modcl I ;!OC amluo acid :lI':Il'/¢r, following ,lhc 
procednic of Spdan.i' n et al. (1'); u:i:v. i!::hlc ly,'.inc w*a s dlt tmincd accordin:. to 
an unpublishcd p:oocdturc by M. C. '1ihomans an~d C. M. ].yman ;,t"rcxas A.M 

RLSULTS AN'D DISCUSSION4 

The nitrogen solubil ity of ,he st:lrt in'-oConut meal over thc aqncous p11 ra ngc 

is given in Fig. 2. iFrom a Study of the p3 l.so!tibility profile of coconut meal, a 

401 

1 4 0 10 12 
Fig. 2..°otuhtty poo t l;opoi+o coou n-a, 

http:nitrog.cn
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decli inltitl w.is 11tlc ;Is to thc 1ll con, dilitios boutIIIrot extr;,ctlhg coconllut 
protcnllalu fOr IIe.itigil.tiII Ilie plotei mtoln tli cXth'cts. 

rcviols worlkr l,:;vte m,'cl di'frcr.i tt il -iltcs for pirccipi i:, inp cocon ti 
ptJlciiin,: IlII 3.9 (,1p. 20); 3.4 to 3.5 (1I S); .1.5 (16). "rorcs',v the d'lfcrc,; ill 

tlIc litct.' 1rc C.\'s of coconlut 0 :s crics of pll'.Ilr:,clion ii-l Wcrc mak ;,I pints 

letvecn 1.1I3.0 nd 5.0. lioml h .c"c it w.is (vi,idel lht.1 stlibilily wals nlinimlal 
fiom pl I13.6 io 3.9. It w.s (lccidh.ed It ):ccil.il:ltc lpoolcim . :,I pll 3.9. 

Gmthcd b)y lie ii,ih sothitity of ce..umlt protcins r.n lolh the cid "nd :il;,linc 
sidcs (Fi.. ?), psotcin frtctio;ms were prcp.imed by ext cion m ller uid (i, I ?) ;,pI 

nI);'Ali' (1I I I0.i) olilitio.lm, Fur [he ,!t',,nl leli;,illon, sitoiLci ;aci(l mid 
alk:,line xcirciti:is:Ctre not cmployed as 1 lrc :ition .ainsl l),)vs l c lrotcin 
(cl,:k.ll!r.,tioll. lhe sImil l1.ltc:tlilhc . lnl;ty IofiI at .Iot il 1 8.0 to 8.5 
$si '. estcd aiothmcr Nt of CLidiliIons fur lrplin] ;)Iotcil isol;,tcs: extl.cl ionl at pIll 
S, followed by a seclntlal .lmacitill of the ic.idtlitatI p1 I0.5. These isol.'tes \vcrc 
lrivide by lrccpliatin: thie cxti.lcll :t p 3.9. 

llcc.'llse of the h:qc lIv Cent.Iae of .1-,bulins in coconut p'rOtins (62% by the 
Osborle cl.,ift. t ti n) ((), a ..It c.Ir.icl % ,I prep~ard ning INI N.iCl at ph I 7, at 
which pll coctiil proichil (h .pl.iycd I.Uxiiviitin soluibility Wll I)',I NXCI whition. 

' Since ilfl.S.oh,1iy) pOfIles of CoComLot mnc;d l11otins undler s:1t conditions 
indicated ininiti in solubility at aci(d conditionis (6), thc s;lIt cxlract was 
prcipitatc(l at;I 2 y)),the addition of II.I. To mninimnizie resi(dual Na I in the 
isolate, the l\rcL: tIh.'d C I,..s tijly.,i ; water prior to ltpip.i/:atioll.\V;AL .. iIInt 

Two ollric protin fr-ictions IY :n..lv-.: p;..cclprot.ins cxtracthd by w.tier 
alone (albuinim, 31', by ().buli o;ilth)i :11d the Iroteins Icii;l;:.illg illC eIsts) 

Soluion at the prinl of Ilinlilnumn sohib:ity, All 3.9. B~oth these lwroci i.olhic 
pi..p~ai at inns involved dIialy~is of hc xtracts against water, p~rior to 
ajitconl)i'ftatioi1 in ll11-c , .!tnd I lhAi 

Table I live s t:.p: cal yields (if p ticml kohirs, ci lclaI~m floi the nlit morgc 

content of both i',,l *:c,' ind ..teilt, 1ca1. T;'.tblc It stili nIfri/es Ilio'r en.1 :llat'lil 

balances for thc c\ Iridtionl procedlmre clilioycdl ill thc l.1bo.m tory. 
Table I shows the l),I)ic;ml yiek ftI lhi, ohin i.ol.I cs. Each of thc iol+it s wV.Is 

preparled a1IIIt-lho.r of I lue s.Thme cfflcielmey or protein recovery froimp mecal to isohmt 
N'ms aburil 50Y,' filr p:,epir.Iions t:dcr a :id (pll 2) .nd s alt (IM N-.ai, pll 7) 
conditions. The tt.,il recovei)y for thc step.isc cxtl ction at p11 S followed by 

TAGL17 I1. 11IR .PA RATION OF PIIOTrIN 1 0 0,, ,t1!LOS 

PH ISolato I 1.olat II Total Ptote;n Co,-lnt
 
% N ,:Ov, rd fron meal %
 

2 43 10 53 	 04.d 
a 20 13 39 	 91. 

10. E 19 	 19 90.7 
10.5 	 21 v2 D3 00.2
 
7 tal1) "0 13 b3 07.6
 
3.9 3 ... 3 E0.5 

Wv'ler 0 ,,. 8 74.0 

"o Le read ;n car.jusncliun vo;th r 9o . 1. 

brirm :tt-hly . o.rr , yild of ;slohta: 59.7%: protin contnt: 97.4%. 

&cuclw Ircon meal c ailp,cwsd at 1.118. 

http:olilitio.lm
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TABLE II. PREPARATION 

PH Extro: I Extract |: T 
o *I 

% N t-Overc-, from mea: 
2 G0.9 1.1 75.0 
S 
" 

S0.X 15.7 25.G5 

21.3 ... 21.3
0C.G 1.2 SS.0

7 i it) 50.5 23.2 01.0 
3.9 13.0 2.1 15.1 

rTo e reed ;n canmurC-*on wi.tl F.2. 1. 

OF PROTEIN ISOLATES: NITROGEN MATERIAL BALANCES 

Supernatant I Wash I Isolate I SDernaten" II Va;sh II 
% N of eyr-zct I I N of extract II 

22.8 5.G 71.2 24..2 2.64G.1 15.2 51.7 10.5 1.1 
.' 1.0 CS. ......

72.1 3.3 2.9 C.o 0.717.9 7.5 19.9 
."... 

.7.50 

Isolate II 

G8.9 
82.0 

70.1 
55.7 

0I 

bSeq-jcnt;al from mal extrocted at pH 8. 
COat not taken. 

Acid 

TABLE III. EFFECT OF ACID PRECIPITANT ON PROTEIN YIELD 
(pro te ln$ex 'rcted at;N 8) 

Protein Content Yield of Isolate 

: 

IN '3 3 . .INHM50 4 3.0 

IM H3PC 4 C9.3I.N HOAc 91.7 
1.1 C I 9 1.5 

6On tho basis of protein cOnon- of meal ane ;oate. 

47.5 
4-.8 

47.6 
36.2 
5 2.9 

< 

> 

0 

M 

1-n 



TAOLE IV. AMINO ACID COMPOSITION OF COCONUT PROTEIN 
Z! 

ISOLATES AND FRACTIONS* 
(ex~rOSted as % of total protjej) 

Exttoclcid 

Exlroct,:.cJt oPH 10.5.Extr,,cted a: 0 H ". Extr-ctc- Extracted Scfutcn 
at pH 2. (111 ,aCIo at pH 8. a: pH 10.5. from PH 0. 

Amino Acld 
Coconut PIcci,;tted PtCI 1-e Prfc;O;ated Prec~clt, te Prcc::"cdMcaI at PH 3.9 PtpH 2 Water.at pH 3.9 at 3- a-c pH 3.9 S0:ub:sr . 

Lys, 33 A 3.5 3.C 3.., .0 5%v-*:e Iysn 0.3 0.3 0.7 0.3 0.3lv='::oiys;no 3.0 3.1 3.3 0.2 0.3 C3.5 !.2 2.6 5.2Ac-o 1.7 2.0 2.0 2.2 2.0 1.4 1.0Atr.-c r 12.0 12.0 14.3 15.1 14.3 4.2 10.8 0S0.0 .0 C.6 8.0 0.0ero-sne 2.9 9.1 5.13.4 3.2 2.0 3.4 3.3 2.14.9 3.2 5.3 "Sc4i" 4.5 4.5 4.8 2.S 
G I tcm;o¢d 20.2 10.3 1G.4 20.1 19.2Pro;r.e G.5 25.43.G 3.5 3.4 3.4 3.7 3.4GOyc;na 4.2 2.04.4 4.1 4.3 e.5 4.5.5 .7AJ,:-s:nc 4.5 4.3 4.5 37 -44.1 3.9 4.2.f564 4.G 2:5.0 50. 5.4 5.8M..sonne 1.0 2.1 2.2 0.1 311.8 2.2 2.4 0.9Isolcutina 3.3 4.0 3.7 3.4 3.9 4.3Leucinc G.2 7.3 6.9 G.9 7.2 7.0 1.9.5 
ryrot;r~o 3.0 3.1 2.7 2.G 3.0 3.5 2.5Phcnio:aninC 4.3 5.4 4.0 4.8 5.2 4.9 2.0 

aNo essays made for try"tophar. 

M 

-a X 

-J 0 

(8 

http:Exlroct,:.cJ
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A. S. SAMSON S.J. ict aL Vol. 48 

extraction at pH1 10.5 kolaics prcparcd mnder :lkainc (I)I1was about 60. For tile 
10.5) and ncmr neutral (pll S)conditions, the pIotcin yields werc under 410%. 

These d:.ta represent plepr.itions m:idc aftrftie coconit ica Ihad been stored 
in the ]aboratory for about 5 montls. These protein recoveries were basically tire 
same as those obt;,incd fron freshly preparrcd coconut meal, exCCpt ilrtie c.Ie or 
the i'ot e it plli,.it,"blde I, thc rccovery of protcirs extiaced at 1)11 8 was 39%; 
earlier recoveries, with fie,hly pre,.red mial. ranged from 60 to 67%. This :-ests 
that the amount of [rotcins recover.iblc from Cocoonlt eal 01drriged with :,ge.
Matcri:l balmnce data (T;ale II) indic:itc tile lower recovery withh.,t te ,acdmeal 
istie it)ite fat tiat About h:lf of tile to tcxtactud lproteins fa.ilcd crecipitate 

-
" 

Nitrogen mtteri.il bahinces indicated that the niirogen was extracted at :ihout 

the levels that were anticipmted from tire solubility profile. lowever, some 
recoveries werc lower than .nt icipa ted, inasmuch as tre prolcin did iiot prCcipit:itc 
in tile quarities that would bz predicted front tire solubility profilc. This was 
especially true of tire protein which was cxtracted directly at p11 10.5. While 967o 
of the av:iilable nitrogn was found in the extract, over 70% of tite dissolved 
nitrogen remined in sohulion at p11 3.9. On tire other hiand, tile protein exlrctlced 
sequentially at pit 10.5 from lire meal previously cxtr.ictcd at p11 S was 88%
insolriblc (precipitated) at pl 3.9. These phienomena are tinder further 
invest iga tion. 

An atlempt to l'1Xini7e tire recovery of protein by lire r cof aids other thian 
hydrochloric for precipitating proteins showed that IICI \%-.s tire most efficient 
among the acids Iried (T.bie Ill). 

A further attienpt to determite the re.son for the increased solubility at ph I3.9 
of the extracted protcins (and the yield of p;ecipitated protein isolate much lower 
than expected) aiso failed to give a s:iti.sfactory :mswer. Front *[abe II, it should be 
noted that cfficiency of pIiecipitation w\rs tuta lly (except for tire pli 2 isolate) 
much higiren in the second and third (for ithe p11 10.5 sejiertial i.ol.rtes) extracts 
than for the first extract. It ;rpnered possiblc tlhat [he c:!rbhydrates which were 
soluble tinder thc extrct iorr conditions :iffected tire solubility of tile proteins. In 
tire p1ll.solubility studies, thoti.h tire carbohydrates were also in solitutn, tile 
fibrous nutcri.' and otlier insoluble solids could still inter:clt with tire rest of tile 
mixture; in the casc of tire protein extr.acts, however, all itrsohuble materials have 
bcen reioved by centrifugation and filtration. 

An extraction w.as l,.iforrmed at pli 8 conditions, :nd the extracts fi oni tie first 
and second cxtractions combined. The cxtract was divided into two portions: tle 
first was precipit~ated at pll 3.9 and lyophilized; the second was dialy.ed against 
water for 3 days, a'ir.concentrated, and lophilietd. The first por:ion gae about 
!0Y' moi, protein isolate than tile seconds showing that c-"bohydrates and other 
dissolved jubstances in the cxtract did not hinder protein p:ecipitation at p11 3.9. 

pi 13.9. 

Ch11Crisaen,!-: of Protr;n Isolate 
Pictein i.solatcs prepared mnder different pl1 conditions varicd in physical

ap' o.a...ae. The i!a!.tcs obtain:ed at pl 10.5 o'ee brownish in color, those at lill 2 
trod S sv.tly ,:rz.iih, whrern:is the salt isolate wis white. The salt isolate ws fluffy
%\!.:cas:hz o;h..r ::-.j:.: iuhates were morc granular. 

http:o.a...ae
http:dialy.ed
http:mtteri.il
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di 
anpcrn~~icd~wh0 

~ 4 G S *.'..j , A' 

Fig. 3. Sno1hality pvofltin of coconut protcan Wal vgtClf imndeg thjo intjC.tjC coniteions 
arwJpreclikaml We.. it tract, at pit y.Q).t 1 c1311k~q v w i,%.i precilpitate 

I)IIvalies.IIIaddiionto ,.eivotg as~ai u1-t-iI :,tdtca:or of "11otetII deai.1t tigahiott, file 
sohibility profiIe a;.y alo suggest po~l awt The sothibilitv JscCy i~ of lte 
severalt .t ptleitn!. tes VIivd All were1t1t 	 (t.3). qtuil t 1)11'kp 2, 

Al "iesoltio. iteistble il.ttli'eT wnduldvh~ ft =m 01 TO to 6 0, At Q I S.0 
ail 100. if:v~ 'ient. .'.:tte .tp; V : t~;o!.'tc plepat ed by \tr.-Ctionl 

310.and telaine iliood.it 1,1 S an2d 10. 
Mabe IV' stumii,' a t~ o 56 d jn .!ly-es for coconit t :icil '.i the cocont 

Inttcttl Wt1ItCL. I.Wv' Col the '~ttruteprolcinm a;td tile i'o%':C obt~:itned by a 
se(IlleltiAi a.:,tL~.t 10 5i of the ,i~~M! 	 ienjue, On~ 2ntmo .'cid Lorrlp.I'iun 

or eobts oe notr t iruka, fotuson tt of lie oro~inii c:,. iThe. 
waicr-solti~~es h Xa:::me, andh Yiau:nic acid aind 1i inech se, 

oter ainino adids; the 0.pi N'ole noi1nt[the t;ctiol \%is IOWmI0eietUa 
j)-sillerW~lli and~ wi am to ~ l~nel~tc :tJ cotupji.ble thle

Starth ner~ al, jidkc. taz that Wie In:cwns htjd nxit Wn denatured M~,in- their 
etacion front the :2e. .It~iI jititon into pwOein kiets.
 

Fut the: studies me it n oj;res 
 oti [ieL otiir futwt onal propwries of thle cozonut 

Acknovdiiti'ffent 
71,c ;.4ihos \itt to Iiuank R. N. Klijaundi fr pit or the diata on thic Solubility 

1.011kH, Q: d .AAI R, or pi'ttn foodsrai Tepoduact&"l .ri.ofi~vIi~tIv' fioAin oiisccdi,p. 11. Trc.i.-jI P:Au :t1 ttit Lomticn (19'.67).
2.CLAC1tio 	 T. R.,*~~.O S. A.. CL'N/.I.S A. L. D)1: IA IA ITI, F. S.. and
NIA'A I C. G. 
 C. Jihr .. ry LI2tellry.wae sttui on tW el:.tn tir coitnut 

*i.,g~*~*:.~~u1.: *dcr.uu:.t. N tsr Iltiltktin 7. M: % ofrtikaj No. htliwu11r t 

http:iliood.it
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3. LOO. C. C. simmu or cocowt 1 ooten eonct~Iilutc dcvednpilw.ilt. U'AOI'VI IO/IINI4CITr PAG 
nocumnin I. iRhmc (0968~). 

4. AIS(*l IlJ. A. N. FoodI Pok.ifl I'm Imlmi!! 0. C'Iicn. tEij. N,%% 47(49): 68 j1969). 

S.KASA R1AO. C., I)OIAI SWA MY, T. R.. INIRA. K., MAIJA I)IVIAI I, HI..and 
(1IANI)R,\I KIIAIPA. M. KL.F11*0 of fibre (m t11c uli:ii.diml of prliskili in cucout 

ca.c: Mcdibol'n %lu,Iic on ,lI.,Il ion J. I'\p. 11:". 3: 163 (196S). 
G.SASISON, A. S., KIIALINI) R(.N.. CMAI.I, C'. St., :',.4 MATF]IL. K. F. I\tr.ic1:.biIity of 

Mcoml 5.1ul'-i0' Ccleii 1.n 4s: IS~2 ( 11M) 

7.ClI.ANDRIASI.KAtAN. 	 A., *od ).ING. K. W. H'!! indIfriaii'.nouf lic C%11;lit-ility 
of li 5 1)tiii rsoim c-O'lmi (CO-or -- 1-1) -1. ( (1967).'). Clod !1. IS:.305 

8. 1'ITERlS, F~. E. Picp-rj6-vl .- ill ,m ';dri L'ition ur 1" cd Sc~ii P1o1,in flicto 

'11INOGY. hlc-'-jrch andl industry.9.XVEICNAL1 INSII I IT 1: SCIIL N(71 ANOI 
.u%,vet w NISI' N, 'dI~ p. I I oml , !,:tcs I V. .ru- (1 f7). 

1O.A\.MERICA\N OIL Ci 1 S SOCILJ y. Ofli,..t nut tliir. imithds (31d cii.). Tlic 

1. AC I11 1. CI IIt 0 f : l.. 	 . it11. A S%)(*r10N 0 1: 01l*(ICA I (" t ILT ; 1 Is I*S. 1.11 ItlOds of yi 

l2.A:'I:R1ICAN INS I 1LO1 \I' COMIi,\NY. The~lilri~gri of iul,.cn by tic :)jItlii 

p:L'dilic :ii'hvdiii.: dl.'%1on, tLlZili!)f, mfid I tiiio. Itt illti No. 10-1. Siket SplinC, 
Md. (1959). 

1IM. 1. 1 * R. I .. , lid 11(31L I I10N J.- A.- Tic;: 1,' M. dJS.1 l'i,l.i I itio of I fie r~i I w:ern 

coif:itcit ofr.1600 .1tl'k .1 t*'Ilm'. J Ii;ol ('.,,l. I V') 313 (19 :5). 

14.S1'ACKNIA.\N D. 1. S. A~:'Ici~~.irII.FIN. 	 1I.r~!\I4i lrt5for usc 
in tiCIll l.Il.p)o Ir:oI!I. \~I(:,a 0 0C1S) 

11 13.5 1 " I' sIr*F.S., 
. sl5udij ol 111C 

IS.SISON, R.C.,VI:1VNA' DI 1. ., C%'11 S A ., I 'I GON ZA .1. S, 
A. . CLA.UDIIO, I.-! R.. .7;!dM\'-. h Ac, C. (r1 , )roij I W!":11 

optzimulli ca h~or fLI.,I.f ': c:. iif3'I;:IL!!co~omi~t iica. N 1ST 

T1'chnic.II 	 jI:P!ctiri No. ?. N. ::o.w'I ~t * S' lk.Lc .11,I IIliloI.rY: .\I:,:!.i (I968~). 
of rtzlcin (ruin r\pdkt. andI 6.CIILIII.lAll ,). 	 . i.,I1, N. G. t:\ !rtiik 

cIcclc: Iiti by c ZC I, ~it iu!,:tion%. J. Sci. [001 Arg.:1w~." llu .1kah _%rJ 

20: 49 (1969). 
[RccivocI Jime 10. 1970. Acccpicd October 2,1970] 
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Critical Unit Operations of the 
Aqueous Processing of Fresh Coconuts1 

ROBERT HAGENMAIERo CARL M. CATER and KARL F. MATTIL. Food Protein 

Research and Development Center, Texas A & M University, College Station, 

Texas 77843 

stay In the liquid phase, evcn though only 30% of the
ABSTRACT 

An aqueous process was investigated 
liquid phase bcause it is acting as an emulsifying agcnt forfor the protein is dissolved. The undisolved protein stays with the 

and food grade protein from freshrecovery of oil the oil globules. which are small enough to pass th rough the 
coconuts. Efficient recovery ot oil, which is v 

was related to opcnings in the filter. 
Important for conomical reasons, commonly called coconutThe oil.in.witcr emulsion,
three critical unit operations: sparition of nil front 

with three phacs rcsultmng: themilk, is centriftul.ed next. 
ile fiber, destahili/ation of an uil-in-watcr ei=ulion. 

light and heavy liquid phases, and the solids. The compo. 
and recovery of a protein product that is low in oil 

sition of thc light liquid phic depends on the intensity of 
balance is reported for acontent. The material as iscenltrifu,.tion. Under the very intense ccntrifugation,

laboratory process that satislactornly seprates oil and the lightused by Tinmins (unpublished results. 1970)
shown which hasbreaks the emulsion, and data are the comditions of mostphase may he clear oil. Under " te light ph sc is a "cream.'led t0 a proces.s for recovery of a protein with low oil 

aqueous procr 'mn method., 
content. which contains a high concentratioi ol protein-emulsificd 

ou globules. "he vrcani-like phise rinost e demulsificd it) 
INTRODUCTION make posublc tIme scparation of clear oil Iromin a solids phase 

the Food Protein Research and Development Center containing the prt.t-in. The heavy liquid phase consists of 
In ca 91y/" of

is in on the water and watcr-solublc material, and comprw,
at Texas A&M University. work pro.ress 

the total volume of the systcm. "lhc third phase consists of 
recovery of oil and food grade protein concentrate from the 

thai are moic dense th;an the aqueousundissolved solidscoconut. We are considcnng two general approaches to the 
the fiber that %urvivcd theto phase. These solids consist of

problem. The firt is a conventional processing similar 
filtrAtion operation. t0¢oehCr with prCipitaCs formed after 

that currently used for soybeans: the coconut mcats arc 
that insmlar as theThe hcxanc is the filtration. It shoul I be pointed out

dried and tIhe oil extractc*d with hexanc. .,ecause tilecentrifugation deinulsilics, it form.s picipm.tc.,
subscluently distilled from lhe oii. Protein is separated 

protein removed from the oil 1,Jobules is not di:s.Ilved.ial by the normal protcinfrom the defatted coconut 
f11, followed by A study of the litcraturc h;a- led to the rconillUin of 

isolation proceduie: cxtactioi at high 
two elusive r.o;ds in the developminct of :m aqueous 

precipitation at low pll (I). 
Another approach, with which this work isconcerned, is proccssing of coconuts. They are torsi. the control of 

the protein survives the processingso 
without becoming irrcvcrsibly denatured, and so :h.ii thethe aqueouis proccssing of the coconut. The characteristic conditions that 

featum of a-'queous processing is that the coonts are not theis recovered in good condition, and seondly,
gubjcctcd to preliminary drying. The iresh coconut meat:, oil 

:hscieof water recovery of at least 95% of the oil. In order io achieve 
am ground while still wet, with Uptional addition 

recovered goals the entical operations seem to be extraction ot oil 
to facilitate rnnding. and the oil and prothn are 

from the fibrou%residue, dcmntilsification. aiid rccovery' of a 
front the resulting emulsion. Vanous schenmcs for tile 

proposed (2). protein that does not bind an excessive amount ol oil. 
aqueous processing of coconuts have bcen 

of Coco-Reported proceses for tbe aqueous procssng
The flow diagrani presented in ipire I is general enough to 

,:hieve these goals. For example in 
aqucous processing, of nuts apparently fail toincorporate most variations for the 

thc Krauss.Mlaffet process (2.3) the denmlsificalion was 
fresh coconuts. 

The first step in the process is the grinding of the accomplished by hcating, which irreversibly denatured the 

coconut nilats, which results in a slurry of tihrous particles 
" in a milky emulsion. Upon subsequent filtration to remove 


the su.spended solids, the oil and protein are observed to a 40%
 

o: 

I_ o 

NUMBER OF TIMES RESIDUE WAS WASHEDI ) s~s .......
 

aqueous procsing of freh FIG. 2. Reioval of oil torn si.u€ by washing with 

Water. 
1(. I.,enm, pro.edure frt ofrph-ted 

cOricnl l 

http:picipm.tc
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W !! 14 0 	 0 CA.4
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0 
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j j 10 	 20 25 30 3% MOISTURE OF CREAMow L 

L 8O I'G. 4. irrect of moisturc contcni of cicam on it%inyvrson It 
0 6 shear, at pill 4.0. 

at 4 

_j 2 tw

j- 2 0 OESICCATCO COCONUT
 

1.0 	 2.0 CL0 FRESH COCONUT 
-,MEANDISTANCE BETWEEN DISCS (MM) 

I'1(;. .. I lt's 111'II'.4" %j.lt-n'llspII Ibl ief Mill til $til i lgkle.tl"we Z 6 
al isil cl ti, ,ioi- '.I t'i . 

. ... . 

rrsidt.v anld ca. 71", wllhca. p tf ihc till wihprsltin. Firlherniits Il' 4 1'.tiiiio.l reimained fit " 

O lier wtitk.%tilt w tl Irt. N iag t csitlllatrll s lllyolll 
.lsr atl 


Thie d auta reporled by m (umput 'tlvd ). inthe lts Ihii .

in pro : lit "Tl'spicitl I'ltidlil% lii%ltilltit ill onsmi . 2 
Ti u111in 

their rvsitluc hlIds s . X il ll te ol,. and that 5- I (V, of the 0 . i - j£ - .
oil remains witi (he prolcili. 3 4 5 6 7 a 9 

pHMETHODS AND EQUIPMENT 
tIc. s. ETucct br pit on ratio or uil nd nitru,1ea inmUiltl%Batch ccntrifuption w:,, perlorncl inIthe lihor;,hory obtaincd whcn milk ikccnlrtrupd. 

with a Snrvill Model t('2-J ('entrl. ig. with a swvngtire| 
hilckel rsitor. C.nltriIln iiii Was%.1 '1()00 x J:;u 30 ('. for 
I miii. iiulgiltititl trimiilltigmlo wi. wtlhi 	 MILK.wComplititi%,'ll COCONUT 


lfali, .47b).
W .s* tli'. Ivile t'i' lriltii:t I Noist l S\7- 17 t '55 (* 
it a , I ,isvi.il sirIll'a l slisitlll h..I I()(1 i .h Wetl sL. llllllI 
W I % itit ii l wWlllh atsilll hlur i il schi I .I tlr.l li vue .. I;I 411.Ill O 
(ialuilli'I .41,00) wtll 'ill ' ;I . .if,I. 0. I 1111. Iolitsd ADJUST pH TO 8.0t %I v y nl1 1 1 1hJ . i h l ;l 'lv I l l . I It l ll' l h l li1 1 1 1 I( 1 1 V- h1, . ,Ilrsu,. ('it. I. II iiuII;.IIv wll ,I. slu." %p.is'lli| sit (3*..i IIIuI. 

ilt %..i% i i . dowI ill I , i . i 0111liiaiii 
lIltt's/iu1 h Ititisl tthlll g l IIltii lIll lic .v.IeiIt'li byi 1;1111 CENTRIFUGE INTOI.i.si'V sit t'flit'g1111t 1. SL1l. 1111 %till sil Ustrstltlatl' ll l i ewi' til l"."'""l"'."1 : llit"'"10 %" "" "vlt "lt' I")

Ili
I
It t 3 PHASES 

litellv wtIs. 

lld il" Ilolt llt" ilililuhil tt'i i'.lilt v ti t lilt v '. t i;l Iih si. SOLIDS AQUEOUS INVERT 


Oil -. s Jit oflhi.i s .il ..1(1 tiidrtiilt.lh lll. 
EMULSION
 

al llllt'. A v1 Wtle ll;stiet l Il w erve sd..l. ttiusfl I y 111v BY SH EA
 
c~a ~s si twe igli I- ae g~li l e 1t i 1.t iT'1 igu 

GRINDING LOWER pit
 
The l critical stct iilt- pr t s.%iiit i.. fil wet milling CENTRIFUGE OIL PROT
 

litlht"nc t" il. The pritumilv l'tisitii'c lit -i nsi th'elih 
te rti n tit . , i 

iistral 'w flit eli isiny IllIv ,raistot utt lil -id ands Imleste'i. PROTEIN 
11 ltlslewr I gliulig tako 

bwalIsIsti i 41i li llis.ll (lic ct"milit It siser 

-is ii l ils Ifits si y oti.it I lIs Ih 	 PiAS 
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1INO JOURNA I.OF '11It: AMERICAN Oil. (IIl'MISTS SO(I.TY VOL. 49 

TAIILI: I Nolv Ihlat tsist ofr the oil and protein were ccntrifti;ed 
t.8hi ofery ilts Ilse phase. whiceh conlains 661,. uf tli proteinScott Makriai IIJtInco: creani 

(ur the Aflueosi l'mocrtsing of (Cicoufs at pll 4.0 wLld X'. of lite till. Ih le lappearance of soimuch liroic ill 
tlh rci;in phase resilts front lite fct lhi the centrlts.

IrY Wright Wright prutlco. % giion selp did mil elficiently dcmulsaty the milk. "fhcdii.iMjillil W 'it. g tI. I IN a5.3) also show thit t1¢lw . , ih-%c at p1l 4.0 is very low n 

Mihrou, tsiiotu both protein anad (ill. Alo inly a small antount s)lid plia,.
(wmaohot 3 I10l1c) 7S 1.6 Was ohtained, whiloh was ibuoit 4-2',, oil.Alluctu 1I-h.11e 45 2 2.1 A similar Cxlcrinicnl was t'oraid out on a lIrpe scaleSolids 7 2.9 2.6 with a disc type conti u s ccnlrtip.. Ilre however the 

Cream 370 339 21
(it fll Llevinel .1016 .06 0 result% were cluate dilhrein. wlilt only 14,.%ol Ilit prc'tliil 
l'r,. ,,, fri.,ui Ivtio, ,0 JO 21 appelain il iIliv1 L-:eai i miI. of lihe 66'.iii..fead leticited
%I10inl *llliteiail |(or tie l;lth cellriiii..(em. Will tle d',t' cntritlhmlw thvre

(I(Iflu klg frs'h was ii00',al~ ilil'fi prti'l li sh ..old%. indictling lha flitn0.o S10 JRS .t2 -. disc, ceitlliijhnr' wals ;) i.'re+ l ltliVe, deinlitietr. IIlowever Ill 

bivilh lyp c, oil i ii i iht'il lil t, re ti'er;teiit ( Ihile ''lil wa'.
iiiiakv' oleiiitiv tiL'mlitmimiiiiir. dillictill. liisiilllcivni iidilil., rallivi hip.h. al.wit *ltY.,.. whichI %zi=ests t1.1 &Viillli1i'.011ii 

til the elie hlide jesutlls i0i I lej10.alilk leuses it oil ll inthe tl Ihs tievioei l ill, illeCr Ilt'' concliticns mct'¢ssarily
t'sie ti e. r uti ll alll sill y111I ll lIltp'I tl.ite
 

lI iretr lie t-volti0e mvi)li l, tit riicliiig fhe ctscic'leln. ao
 
vvly ..ii-oic cstp ri iiiOi' w oisetuv ictl lei lind C'4:'0 BREAKAGE
ite I EMULSION 


i W. I%' il el Iliil',ijllh :lIeV¢.Clt.'IIll. Ili iltteIeSi1d Wits
 
l.eilly lill ct willh W.it .lid stic¢'¢id .igilln* 11ld filte A liiili'l w.i'. necded for s ia'llltilg tlivlt c iti 11tsa 
WAXIdiiit ItI'i'.i. idv.i w;1% tin.i w.1%tlii 'l¢;ir til,ale thi wuuctl itgot lt'icoels pIlase• :nd %,1llIS tihl.iv. A ciilcrit in oi 11i 
Ilicakl ;lil) ittr 'cll., til.s were hrkc intIh lfe riding iittlltt is Ilii it aveciclil re',sibly elelatcliiii llt"protv0n.r 

octi i.Iitieiii. lttitelcie allh hle liimiii liit +ii anlld ;I%.l )ll;l st ';lyl
sliid w ii1,,'o ea 'wiystit' lit'i mu ' ititt h.,sillh'e.
o" oi li t'csciIl Ili uitlikii ¢lk. leth .t.on111 lic wris h¢lle ilticl illvetl..lt'dt i teisl lhoOll1 'jly Wa-s lit' 
ground i .a lenlder loi th experimcent repotled ill l"I;gn re limusttil ol the ¢utl.,itm hy %.hai. tor.si sugvt,td by
2. The rstlll, .sltiv t-hA t ill i rt,lridlly w;shcd oul stiLrlmla t). "rhe ivi IS to iist conenitrat fhle loo
wilh 0%lice.'sve wa..h¢% with twiwshes l'ii ,Itlc(lllc. tIo I.+'1., ot the Ccln1.111n lilto a Cremll ly cntrl11iglip+'.lsill

reovtive ;mul Alf'.l il t ule[ IIi uhtiruk)ic tells. These dala. and then Ito coveI'rt lit' Crcim ilto a wllein-o l einulosui
 
conillnied willh mic ici.,pi ex~iininailion of the wt residue., ly agitation Vileint eout tllIoit) -reaktlle rJulll¢, Sitilis.
 
inldiatle tlh.it oil ,Jt)hl..s li11. to litoe c."onllit reiue ind qthient c'nlcih.itioii s(plit0l thec.ontinuoum phi.e. whioIi 
that w-hliln i% in ellet live methot f4'r recovcring them. %tile il. irolln lilt %%%i'lilcat'In lrect.1l;Itc.
Incomp t¢t rvinuval ;t thv' oil glubulcs lay be partly illie Fhil¢ %lmw oflh d-ta o1 thatl th" cisc shevar is 

illesl Isitl ttee the filhe tl other worker! to efficiently effective i i nvcritir. the cocontl cliulkon iI the water 
cxltrat oil Irum he residue. coitent is l-lo w aboul 28';, al pll 4.0. No lzly whlct 

Ili order to investigAte optimum grindi-i.. 0ticonutilwAr ,,:o nit lllllk was adjlsted to till .10 and cetlrlhuiped. tle
nixilCes were ground inl Ile Bmil'r mill Will varyiiir rcsulln l r w s .MY,. moisltul . tiiid iit.ttrc.ii layer ihilt 


disliit't's et.'wn hv Igrnndlici Filhtrog solids were 

, 

t rtlf ,is tIur sit the crellm did ilt iivet the eiulsalmn Ilit'rch~re ii
Iill,'ed till with checetcloth aiid w.,l¢hd three linesl wlih w;l it'vixs.iry It) 'liu.e tither the iii tri' celiittit l thk"
 
witer. The rteslti, .Ilslca.e oll si/ w;is detlenined leanii. This irdctit ioii Ili miisluic o,teilt ,', acuii
wa 

(for ¢ch min.lcr st¢tii The ireults are stu¢i twnIniiire .1. plisllcl tiy adding cticout oil to t systlill hIelorv
 
T[he disc %pacing was, v.rilcd (iill I).1-I , i111. I[h hlne!. ilgll.itng. Alter .igitiiti and inveiling lite icutilsqon, the
 
wev d;aIw by Icast squites anaulysis t the dlta, and idded ol vas recovered loge lher with the eninal oil thal 
Indicate that s the disc spacng in ' ,i¢site globule size was in lhe rinulsion. li.ble I indicate, the amount of oil and 
increal.,,CS, and niore oil v. left in tie reidue. protein recovered front cnimlsion inversion on lteclabora-

It was condsidered necessary that Sm 'wh.it less than 5';, tory scale aqueous processing.
of the oil rsimiamt with the fihrerou residue. The dita an One of the tprohcms with the procedure is that the
Figutir .1 sliaW Ih.it .nnding. which i:c dilions the coconut prolcin precipitate is quite oily. "rhe oil cosntent could only 
so that tess Ihl. thc oil remains with tlhe residue, be reduced to ,1(0' Willh quite severc Lptatioti (3 min 
f(srucs --! iol'ulcs ;aout I0 plol Ili dliivc'ter. An emulsion agitatilt at 50 (' with ,a high sliced on a blender). An 
wili oil I'hoi uhs of this size hould tc expected to be quite advantage of tie methotd is that the proten iccovered was 
stahle. To use another irotei-slhalized emulsion for not Irreversibly den.itutred, is judged fruit th- fact that 70+ 
L.opictiii. we nute thilt the average ;Iolslh,'v size of fresh was dissolved at phI 8.0. 
'ow's ilk, I nlpi(4). Thetse e'spiimclns sutp4tes Therc are Iwo produtcts of thc pli 4.0 aqueous pro-.0iibou O0 
that a rcl. ltlivly stalite elltsian is the piw i t e Iist pay cessutl Ihat ire high cil t.itin ploleincontent Io warrant
for 1'tlicivltl wet c l.witliln (itil tOill thl Irsth ctcollnt. e,i'%idefctltifn ai loud it em. They arc te suld., obtained 

when Iic nmill, is e'itrilurtgd and lhe olids oicllu.ed wheti
CENTRIFUGATION OF THE COCONUT MILK lite dsl'tuisilied crvim pitc is ventriltled . t werehoh 

40l..i"'%oil. AIltoih lite relative , i llllOUnite titwo 
1Vrcl Cti.oeitl was grround ili the thi.1hliel Mill. tlcin ill pradsitivts were dill tn I'm hatch atid contillui'tis ctitiil

the iliuer Mill with .3 inst dlsc spaLiril! liese gnchilg iti0aii. In1hlht '.i,,t holl 9'. cit le kil was relalleed willh
+ oe,;on1ilit ms l .jve 4': t It' till lit lite rsctsl.v .is 'v;ileiatci the lI let'iiu solidts. 'I ie I'.:. i s ite total ttil relresvitls i I. %ss 

by washlui g and mell/vling thrgthtil h 'ie ¢'lcli It was ofl in1i1.'t;lal ail. whieh asIhe liiulue1Vl plodact i tloccilotet 
decided Ito adjllsl lte cconut mil, Its ill 4.0) OIrot its prtiees,lt l'froim lie oitsmiltI'allon ol e'clluollit.., liir'loic 
tmldljuiistd valte tit ,.5), hs5.)becaiise ait lihI Ihliv isiu hionl is olher lofdiCC.iltt iietliis we.re consid'icvl. 
Iucatloc'le it le stI"t (5). 'he ovcnil milk was lalih 

vnlt i wd . Tel llig isi Ilree phIlis 'S:s+tils. . ,i irc ist llsl PROCESSING AT pH 8.0 
am itc itLt. Thle 4'enupositiuill iitese Ithias iie relacarteu
i 'l';al' I. wher each rsiltill Is lit ivvf.ii' cit at lc1t1 two Oil Ihitling of cooi0ti protein was inve,,lil.ilIcd li ii 

tI¢I .loItieI1 . .. . %'I$ex itcvi i s. tee 0irchs... ", ..;., .*;*.'.,,, . .... .... 
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was prepared by blending coconut or soybean wills water laboratory scale. We went to the larger scale hc,.au. i l
 
and filleting through cheesecloth to remove the solids. I he that scale we could use a desludng, Contnu.u%.i,:ci
 
pH 'values were adjusted, the milky emulsions centrifuged, centrituge. As indicated in this report. i colinuee,.
 
and the nitrogen and oil contents of the precipitales centrifuge results in considerJhly less protein in thv Lre'iim
 
pmasurtd. Figuic 5 shows the results. Note that coconut phase. Consequently a si'.nificant effect oil the matenal
 

protein binds oil considerably better in the isoclectnc plf balance was observed.
 
range. i.e., at Ill near 4.0. Soybean protein, shown for The design of the pilol plant equipment, theInatt,ji
comphrison. has a similar property. It is not known how the balance for processinm at pl1 RU on th.it scale, and in
 
residual 61 is bound to the protein; however part of the oil analysis of the products arc under active ilvestiraetaon and
 
can be removed by nnsing with water, which suggests that will be reported or. at a later dale.
 
part of the nil is bound to the prolein as oil globules.
 

Based on our knowledge of the pi1 dependence of od 
binding. w, modified our processing scheme to that shown ACKNOWI.IDGMENT 
in Fipure 6. The centrilu.ation of cocont milk is now Thh rmsearch was supported by the Arency tes internaional 
done ut pit 8.0 instead of p1l 4.0. This modification was Development. 
designed to reduce the oil contcnt of the precipitated 
protein. We expected the protein obtained upon centrifug- REFFRENCES 
lion of the milk to b low in oil because. as Figure 5 
showed, the protein hinds less oil at pil 8.0. We lurther I. Samson. A.S..C.M. C~air and K.F. M41lI. Cereal Chem. 48:1113 
anticipated that the protein precipitated from the aqueous (1971). 
phase would le low in oil, becaus: there is little oil 2. Rajaekhstan, N.. and A. Seenivasan, J. Food Sci. hrcl. 4:$9 
available in the aqueous phase t,tina to the protein. As (1967) . 
anticipated the results indicate that the protein obtained on Coconut Products," Thes . lianaras llesilu tiniversi). tititr 
when the milk is centrifuged at pll 8.0. and that precipitale Pradash. India, 1964. 
formed when the aqueous phase is adjusted to low pl. only 4. Brunner. J.H,. "u:daecntas )rDairy, Chrleir). I:diled bv0.11. Webb and A.I. luhnion,. The Av tutlihert, i)(,5. 1).407.have about oil. unexpected was S.Peters, F.E., "Preparation and Avid il20%o An result that the Arnint Ceoniepotnoieem 
cream phase only contained .hout 3% of the total protein Selected Seed Protein 1,,ractiis." 7thesis. t'urdur University. W,
 
(for pilot plant centrifugation). as contrasted to 14% Lafaytle. Indiais. 1960.
 
observed for identical centnfugation at pl1 4.0. 6. Supeman, N., U.S. Patent No.2.762.820 (11,06).
 

It was decided to determine a material balance for the 
processing at pit 8.0 on a pilot plant scale, rather than a [Received October 15, 197 1 
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;fler ce:n rifugjlin. has theApproxnltey i l* uilomn Tlth ,1rtlnrofotlln-inclhanolnmixure mtd '95'. onfiden ce level for the suitoJIn|c tlion a%the aiueous lay ntr frum (hgh itlj l I i-. 195q). A ohauolysis foluwed¢ 111io of bothl I n.ilylieal error% .ind v.riatio s inthe iIIrce-pli.w 'paraion it' the illk. The oil heting fl 2 fit at 6t4'ct. except Ima$ti, ioli- .
pIl.,: w ;)purified by ccilgit"ij .iheJ t .hld, ive off re sid ual 

i.ll, Italwin to ie oe,ol:l...fri ilon which w.JA X t'rietiilt primeters.eIro lit re , a dll ec lilt S e i wiibJ 	 ial it( -t 5 5 r'.:. lut'k lcdilthdra le .o1tcrinw d Vil e oil i stil 	 fIrunt t"cLld sulidv. by ii a"urernent of reducing scvpis in J clari- The a.llyi5 i" co¢oiiul oil is nlo 
n ot 

Thle lnluthllbl p lcin rccwellcd Win centri- tied iaqicois exliact. Ih'i in¢hureiciit fi. Included iII 'il'ile I. An.il)'is of fil fiiualf1ult.lion of coconut milk wj, dried by frcezc Iowcd inversion for I lit it 6"C in 0.7M 11(1. oil plodult %Iiowed it to, eiout.li (.A tlh'yug. 'lite cic.iit kitn milk was dried by f,ree f".itt, aci'd,, wilh ii iolline Illtl. ,,ay drying, with an air oullet icimp|raturc or RESULTS & DISCUSSION her of 7.5. The tilt w.i. centriiiged toe. 85C, nd air inlett lipen ature of c. clariy i te titottory nd sorn e ptccip-IOc. Products	 ilate wai tai',llwd.
Analytical mcih ,di 	 wlilt tie iltioillit ofThe gross anilyses of the prod.tlit are nonl solids lemin 0.A 2", Coconiut oil

Slandird inctltiod , of ina-lysi, were used to," sL 1wn in Table I. All values are the ,ver-	 liLLi,l h ftor enitroi:.n ltd crude filxr. Crdule fal was based ;i.S of fllastuirlnicnts oil at lea two stler..r It tilt ohtlamLed ty erltuhing cooetxcr cmtrac ioii of dried .mplc,.cept for i viendently prepared samples. "The prai. which %.iri¢. il Awidely .inaly.i.the oluble cocunut fraction, whikih required rlii4tility xpre¢sed represents the l5i. typi:al v.ltic tot Irevf.lly icidcontent 

of crude cot mit oil toli c' r .i wolld he 
ci. 51A. 

"'he reiduc i,; a I ilrotis imateial,
which co t.ins %intallIl icle% of darkTable I-- Typical compositionso1 driedproducts testa. Prnliinary work %h1imiftliit the 
-cslta can be cpliar,11¢d to give a very

In'aluble Skim light-colored prodthit. I11 lro lcin prod.Re.idtv? protein milk: 	 Uclt lihtiare brown or ft i All products
%Crud* protein (N x 6.25) 3.4 0.6 i12 t1 .	 can Ic obhined tno.l whit if tIht coco%Crude fat 24 t.3 - 19 t 5.19 t 1.5 	 'utSarepared.

%Crude fiber 25, 4 2.0 t 0.5 0.)3 O.03 	 "riue products from n Toprsch iirt , of A % A .h 	 0.6 t 0. V t 2 p tre , 9 . 1 	 uct la t% .t,;io wn ilnT rl 2m A n y'AMoIsture 	 S 1 3 4 , 2 0.5 O.j p1Oduct hos..e that miy r¢ott tram spray
,. Carbolydrat, totlb 60 t3' unknown unknown drying are Iot included, bea,,e spray-I Carbohydrate, soluble 0.3 t 0.05 7 1 3 45 t 3 dryi1,g lises are expcted to be ailost

negligihle in a coiinierci.l operattion. Allcumpctltinn with coconut waet usci in ptocesbaig. %ce text for re,.ulls are tihe aveIarts . .411i l.t two( 01pu'iluilwithliut lUse of cocunut water. Dehydrated skintmilk i in d clkeit e pen miien , perform ed31t0rd Iii dcsiccalnt to mitl;in low inisturt tontent.

fly aualysl , aftet digestion In2 sulfuric acid 
 after mnixy prclmiriary xprimints that 

weyre done to dctLe-tmin't ot1:1i1iiim plocc
dures and operait i. pr.micLt.is. I11e re. 
suits reflect the piocilh)e.-., rctillngfronm niUltile~l tta i:,f ,,ici.til ie.Table 2-.Exparimetirl recovery of different componeias in the fronn ntinerans it ni.ineliep~rocansing oil coconut moots' 	 twceet containersf and ipro t"N.%in | eqluip. 

Incfnt. 
Cunmponent [:r13tionr of cli iponent in product (%) It is pres.,med .11htlhat losss%StthlTot'.onent 

Toal 
be negligible i a contin oits process.

Product oil Protein Terefore :i materijl hait.ice vjs istidMI.SS 

to cakulatc ite products (ron tie contil|eilue 	 17b 5.8 7.0 uious. largc-icile .hilistt poce..%lilig ofInsoluble protein 2.5 0.7 20 fresh cocontl . wltih coconut waiter hcingSkint milk 	 16 1.2 65 	 used to extract coconut milk froim tileOil 	 59 as 0 fiber (bly couiter-currlit L'"tf.cltioit). 
Total %1,recovcred 4 92 lresh huskLed mits are as, imied it) he .1,1%ilclts. 31',;. waterFhj:or 	 and 25': shll (wetpilot plant proccsxiriz of coconut ninars only; cocsnut water weights). *lie resulls of (ils .iltllUition 
wis not u,.d in the poessing.b' lie standard deviation for each rc-stiii aproximily 2% of the are shown in Iable 3. 
value fit the 41ble. totalThescprotein I%in hatrcsulls indic.ict 69% of thetlie skiin ilk raction, 

-nd 1%ol lite ctide fiber is in fle rest
dute fraction. lb Prpirat,lion if protein 
from crude ihb,'r i%cnidetld onnt of lheTIle 3-Products from processing, as I uli.,ted from experimental principial ,Idvnia': 'i lihal iqt' ,ni, proc.rcovory.productcomposigonosaid mareria, i 1on esing h-PP, JS i l pi tell(to il ' pr, .c,,,ing 

Mass of 1rotein in Oil In of cocontls.
Product ruduct product product Sinilaf Callit ions% slow IlI,.,t 1ie 

cocu'i'iit skiii in ilk ;ul'.i n4itiil (ifRgsidue 43 ,g 	 I"~1.5 kS 10kgkgl t+,si it I r1i .'li ,"{yss)In solub lc p rote in 5.7 3.6 0 .7 ile -;all (is c '1im .i t'd Ir l ll .rh , l y . ) 
Skli ui:k 44 11.8 0.6 md 17;o lte moltitic of 
Oil 1,12 0.0 142 Ilic nor. 'lhe Pk mill. frailii 

th .r.fi je oCi t-:i !h. li ht lli; , Ills., .11g.
T ___I_ 2346.9 153 . fs Mid l,0ttl.'I o! :Iw,7cto4il.'Ail l I re ,ona ' W eiI!i i',i,.. 'lh, ZL:aftria, eral¢ii i 'c i t p(I d 'lt ,N%vi, per. 
kit or litmked oe ouIlx (wet weIita basin). forned repcai'dy." v lti hith 11*.li I',es ill 
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the prl-esii'.I l olt:.~vlt fo: Cii1mid-

Cred gno.( .4i~ ill Ihi l"tlitwtit~t O 

h-flcrl ofi 111 Co,1jnlt 1111. v'i.i. LI 1m. 

tlucutI ifl pI frio'.hm 6 -1 8 I. 1 liv 

pulotti3 (1i'll1vtit 41( lilt, 
oatilW'i Is- I '. 

om 1t1t ll~lt.. 'iI -u. 

T.0 h 0. 

.1i:l 11111111.10111ii 
llIitil.:tit tif Jhi 

ltogrvii Il 

rj~t of ttiktontil %watir.JIt a i'-i'd 

c%,in~Jill~ riilwitler %vx; ill-.-

tjtdei1, i i-I'tl.IItil 1t1'.~t JIniL~ 

ftliit 111131 t)Il.lli'iil 

30 12'; ctuide pf'tit .11 - 3' *,iull 
carbollyti atr%. il '' ashl (wvc Ijilc 

m1g. 11t' %hkiiliu 

Temtperalture Mill0. tvrllJiialtr '. f 

00 ? SC writ tact ill thle Jiuttii'..itii 

IAtIUOr;l1lry re'.iil 
Cal 1'~.i1 et):IJ'itl.i1I 
(hfor, 1hut ( ii m t' 

1,fiii' lii 
7.0, ' , ia~jliii~i: 
tiystii t 

Iloll) 
T[he 

ndL1e 0lt.1r't:iut 

i t Cccitiil vroteinl 


IS (, illI it. --. ill 

JiIl'.'il' (1JI J 

:i lh 0cN:im,mill.k tr.wc 

llslpiiu.iicdi tattir 
drying lii ,itl I LiuliJ'traimcL til X' U) 
did nl)litridilkt c p:1'hlt 111uzI11y.llnatil 

oit im n1Cilt lti~, viii It. it wt.1i.-
slevetI 1h11 81n'- S>.1' l w1ri'oltl w.' 

t~%t~~'I %ill AtV ti'l '.aillllt'. %'e%11tt.
Lu~t 1 ~ ltcriit, J~uCC~.ofs': ii . Ititd',/~tiiil 

iledil-kleI'm lril ;1,41 li tcri ic ru m(8 5 
IIil .i1i tl Al l-ilt a aolcn o.Enta. 

(tried conlita i !at C5. Ill 1.0, L'.1 W,, Antvinif lii'. hcl 
88 ' for a.:nltiv..IVillnen 

.ticred, ill which rue %Umir milk fracltion '.solds il lisel,111 
C~st i'iJp.'a~ar~ti'E~hiatin II Jitiltlt In it ~Oil 

I'Simaitil o Ilodlel 

Inl 111:4.~r111! lile kit%[ v~lillli o)il tdhO acld-NItlIIlJe tract 1in Our re'.ultt; have 
Skim ll 1: utut et ll'.ldheme liefrilcril ito 
tile 111.1111Jiitllit11 of liw aIlIl'tttJitt 

e'.'.nIIi? gii,,i %YCIO d-111 elt' mule
~JJ ost. ('3 o r 

cryalclsC,(i11vslatmil 11 .tc-

InIL'lllle fromi till SAtl'.Iot'ih elifsr wt'l 

taken asiaw coJ pltit pr tices'.3.3W lll usl'. 
llil OSI 'Ill(' tot'. It're C.1l1CaUJLtt'u fort 3 

hm)pohleiclJJ'i'tu'ii111Plant1. opet .t1l t)" 
in tile I'llill1 llIle',. Whli would hit~ 

125 mlcltoll'. Jset 'il> of Jltlukeatl CaO 

1111t%, 
Iltichasc price. tif fresh, lusikeul L'tc't-
itilinte hlppvllitll16 

-
I I

311115ill te ,,lllhipah'.o 
1101I average-d '114_10 per met ric tor. 

accordlingj to in31l hom1331111utir tile uiflt 

Covoillit Awit liofl fil IlliiplimL%o~f Mf 

(1971) and I-miiii ( 172). JIlis prioci 

irlcludo%$0.70 pur jotii ton c~imalv'~l 

.1%ttall%pitlatiofl CtO%t-. ('rudle l tittrvstii 

tile I'llifithpirles' ako lot thle IloviolI 
I162 - 1971I, ;evvr-iI~'WA01A pcr 11! 

iIittilgrocvdt ciI.stt foLrec1tlfe to li,,r.il 

r,,\edI. 'I Ill%, Co i l,IIt u L . LiitsIt. ("Itilpilititl 

dctrclttil, tVucA till hltrrmol cipi 

Juoces;%lp, epenmc, 

of tool~t ptticc%.llr 
total3 C-Imilltilt 

oill ii'lli.'ld I'li1IIr 
tir1rc'. the eqiUIiIIIiiI 

.cctiunting lilt ?.' 
ewlt. The cistinltiil 


1"'. S(6.00O0. PI 


'it'? I%taken as~ ?.: 

I r 1 0,00 


13iaw (i it'CI;:1iu.ltes. wichutlic con-

ervativil ia.'.trtl 90'., recotiv> iof ii! 

Irrtem? mi Tale 3 indit. at QY; (-.Ifreciiv-

CIO) :mt:1('' T'c.vey of Jttiotbit). it %,VI% 


'.lim.ail th'at the illicit thin milk fiat. 


wilit vm.tald "' tot It
lt C.t.t J6,;11 product.. 

J1,11ll ic imrre illi nid tha,1 ally al1COICti 


fromit other prmitir' v.-told re-duce l i' 

c'tiimilec o.. oll Ow; %.idb fractioni 11In lformalltion (lil stab~ility andit Jliy ik 0 

1Jil1'1:li1 ,Ilso lie ponliti 411tt: hat a'.sunp 

lion iil 'to inconme JroMt pitiluct' I ;11'! 
2 ha%. rtrely betn aIiiitkkeepin! opera

110111Ift v.MOA~ l liha Jtrk-1,dLcS I Mnid;ltci.p 
2 would, ill Lm!a-',beI 1a t it Mv Cotiliothinm 
Ie 

iitit at fill1p1.1.3~ is oJptIimum fllt 
Jt11 iitcp.t it Ii ugl'ti's %VIl 

%%fW~hil of KJutnd ( 19)711. on prelarata 
ac oll t~cu. 

flo (i ali'es 11oit heleit-Ief.lt~lt'd i 

1)1i11C plot 111.t11 lolir~l f lilt, tw 

fractions! wji' ajComtllni.ltLd by :tdjtI. 
tIcill of 11hk Iqlteottls J1iase (0 1p11 4.3, 

followed by Celi IlSIual loll1 at Ca. 50' C. 
'l.. ife frec,'c-dilvld. avid irt.'ilitll1CeilJAic 

"Itil. jilt'ptted withitllit U%iflp Cocout 

water fin life Jroceslo, Loll!moa 
6 5 * C cude i ot'lll. 24 * T..* till.~ 

i 

i 

suing coconttl water) cotilitiii% 13 1 ' 
crude prolci.nd 13 - &'.-.i~.It I., vsn-t 

mia1cdilil wlth us of ktoi:4intlt Water 11wWil 

'dI-liili1ttc'd frat'l wll would not 

elatile sigiificalily in Ciostiiitliomn. lii~ 

ic acid %olntidV fr~wct ii V011lil It Ill,' 

3'?Coaiomh. liftn c10te itft~l~lt i)[olcr.iawl 

LI iltCO 111A *10',, illt il 11 111~.2iti li.'. 

prolemt woultd Ile recov'crvil fit -ill ,il 

rerovi:rck) wlwch would 
%tilei JIToJcin Jstiv 'Jla'I 

Pt'lroduhict i c leutis 

piocvss would lie aliiit 
t!! ptocmv finlei risullmlrj, 
mnilk If .ill and 
tei are tti)%t'U 

Jirodhlictt. thtem 
aCrII-DreCiplt:IJCl' 

per pound. 

tile 
:I-. file' 

ti-iam 7 X I.;- 'l 
.41I. 

r ti .tlcr.pis
tile %mitc ;% ita 

lit- ctionut Jl.m, 
pci.ie~~;~tlo 

on~vly 3lIt.i 

tile ctl''.Iof prtliucun;' Ow 
frall0l %wonidIt i h 
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COCONUT SKIM MILK AS AN INTERMEDIATE MOISTURE PRODUCT 

INTR 01) 1W ION 
ilt I AQULOULS PRHOCEISSI NG of cilcoit; LSonit%~ oft coil 

minuting frcesh clconuits. tn1Aikitig atitIzuol.% CXtr.,cicoInt) Ai..oo 
contrifuginit thle rvetitg oil-iii-&witt'r vimukinn (cooiii milk) 
to obtain an oil pha~se .tnd ani aitlioow iphiaw taili-ii cl,-ut 
skim mnilk. Vaniioi%aqiollis Ilrolvut~si %.ihcnle'.i s (wibcfin. 
vestigated. IIItheir description oif a teceliti)' ttevthilletpro, C. * 
Dendy and Timmnins ( 1973) g~ive a good set of iufcrtictw. onI 
the su2bject. 

iTic process uwtl to prepate tile coconutt ;kim milk iwtl II 
tlic present stud) %%.I a evelo;ptd atI: I i ' ,!It, 1ti1 
anduIMvelopmntt iCnter (lirenttticr ct al ., 1197 11 Iii t it*
I exas A&M pruccss, there is the option of uisinj. the k1 'huIIt 
wsat,;r during the extiaction step. Wihin iht'iletlnhhi Stil:: '. 
used, the cotlpfo~itirin (if the cocotitit .kimt tui hi.. ovt 
changeid as descriibcd by Ilarnzniai ct al ( 11)7,1 

Itt lihe proc"%' as tued. the coconut m~ilk, .t i%hit, If j,'uttIr* 
iz.cd (65'C for 15 mim). ccntritu1 'eJ. .iid the coCimut ' filli 
milk vicutun tpcit.iteii :it 57' C, .ftcr Mod: tit, i' ;tlusti
content was ca. 60' - ttilii khikiS alC2'fie coneetitrii %%.t%. 
108,C outlet ait tumptwrature. or fuintwr ulr~e I\%t j.
 
laboratoty rotiry evaportibor Iit 413' C %titri 11.i0h fl'! '!c 

pasteurizatioin thle Ill[ wat, raised ltitm .i (-.' to ca ic
Ill-
ptttilose of' the fill .iijiiuitict it I( u ;'rottt:!i 
lation. which Iii mouhrcel to it. ul a2 t. .ui. a ll 

It 1,3s becutiti appaliicn thI!i elimr :I;t-!I -! !h 
MI Od . .CC....11....................-


of tlw expenseI~ of Liyt) fill, tOff-i. .!:uuf: u tom .t\ I 

optitiluto %lie. '-lheeftirv at iitt-til:.ul,'! !1111 i :;Ilk is 
beingr cotii'td a% *i finalI pitihiui (w' ;'slitk t% .1 i-t1 

operation of euonoztiussNOf-tcahe %i.tiuil, )Ifiit lits'.cl :tl 

Gjolvales Ct al. (I 197 1) have plestoi .%, lootkedl .11 11 %1iii111 

surtar adtit I :,si tters'.tttsc The1ir tt't jwit t t m-i110% 
c')ntzinett 15" surar and 20'". ssatu. ,nd iui1.idtlo ti.~i 
letic ettaractuitstic' afiur Cigt'.t week'. tt tlit; pimlu~!v 
al am bijl1ent i c ratu re. 

IThe purpost' of thte prewent wink titt es.IuonuuI cffvt is ofi 
jpIl. Iiiiittre cotientit. incluimon ior cto-llit 'sit-r Mii!tttier 
variablles oil tlie ptiystscitt lrollurttu. .iiud sttitit ut 
coiicetutr.ittd cocoiltt*ktitit 15 s Stittl lIltit'! itiit-IVt'i 
conditions. 

lionkd %ill LI 

Swdillln sulrttu. if fotnr ha~d bleen mildiitd


For tile slorape stjbit data in'ribhks 2antI 3 a.iIs. I il-tit I,
 

dtird product ) WI)iouimake tIIe 4)-died wtilv )m-tIII 

tile ,ichdrited c0Iltuntigtc wsj% %ululidcit sitto A.1nill 1.hut 

iity, and tile samililvs &Cited oil wuiiil .t istliil1 1 u % 


unjI~Ilrs %ktr %t)ItCdat 2(l (* tt 423,( S, ..ili"itv tii '.it
 
afttt .1 aitut 31 thy%forjilISIs lIitt.1ii lit2211w Itiltiiitt -,
.I I., 

pair saliljilm~ it %%a% 1 it.
lfl o.t wic to .lfllil)y/t skmillcs oil 1I.1% 

)or lihe data in Tahiti' I wm. ..flt 2. thle m" ot5 and 6, .und %I .1 
wis prepared by direct vi'jlotattion Ili Ili% ,j.t.i o ii I lit.-.
nluts stie #flt p'Med. It t.tile dark tLviti tit '.ruittt.tit .ts ii,.%p.t.it, I 
from tile whiik Ieats. 1 lie ow~ ct'sotiii 1i t- i.'(trslV. t* ti lwhl' 
ie.i'i
or ol tonoiiate liildr fronm ;ilartdIil
 

Vlukyositits wCit ir.mI'udt uti
%iltti,.it '. isi 
Ilidii at %J'in~dirs. Tick. :tvtirp %mei lat.ii .. %C i ioubit o5 il III. 111.1 
thit Jat't4 %ttiictwi2't '1d uItteitltjtii %%tic Ilitit it1 1 111i. vSt
 
milp teliittitte o of W~C
 

Mosldturhe Cunil t tilliotifiivil ile toti'i11 ~11 illt.it ttt 2' i 
spiail 11iO' wvre ued Other In~ti. %%civ .,I -u..'ts'uis 
A(JAC inutttit \'.tite if pit %%Cre nlitasit t at:, imfisi 1' ' 

l(u' (if tiiileJ. tjlg'.iild 
( Ob~ iith1II t'iiwitts ot rilctte 1 ;'iit . 11 %Jill"% '11li1l~I11 %%Lit I , 

sub a Ifiunict %olttdilitviiie iutct. %I:ittiiued .,Iiti Io,1 
ti'Ifirwnrn nicasiures Msltt'iw'. i\ I. tatie i .1jI1 litii " I Vist 
allc liiu.1iiime alioul't "t 11lu1, .intt j'litl.c .1 %A.oC iii.iSiteu it-titi 
Nrytiwie anidIf st-i mit it, ililt -t. , salots \i.%,tiii 
saIf'ics

tilt .1% u l i 42t * ",lid% lile tour %.1111i4t f-it. l .4 'o 
of v.10h of tile two iI'ttillfts 

1Lii:) i JstIdiltal JjIIIuj 1s 1I 

I I 9 7 3 mrutittut of I..tt 1 tloiti 

?3 C Ailti w ytseni'.ii if 

tde,.aid anid .211.11)/tt It\. Iht 

livilir,ctoij' itPu1 t1. ls' 

,tlt'i? i. .c.o~ 'i 

Ill'. . ' tt ltpiisoit' 


i.I~-t.iti li.

5'.tapcd t l isclitt stil itis.ttunis 
ht Mod V16.1% IllI~uttt ItlIIttslICtl 

tit %tw ll l %%isniu'.tit "f~i I0j: tit 
wtn Ii rici~lt mlitite hissbtilltutilctt 
iiii 20lmaintit ictiti tui11lltittti 

I 'hint t%ittiotitti!.ttirolk 

Itt i tl lil.tl itt it .0it 

ftl.stt~t . it,it"*'11titt 

'pt'nttt Itlitilit11 '-t-1o.1it 

Iwt ill Itiiidt IItil t ~t 
mits1 liew% olltiltrit tt';is liftulatd I tisit-tt iia itin of tit4ot 

ktim 111lk, 
~ s~slunitof fiee1.1112,.1tit.1CIo itt itit Iliirtii'l.$ifill ttll 

bttrkttitit) a plicntiliiiiiatvln unpiit l~tttowi 5ll'.tll I!, 
11trmiiicd as describedl by Dieuttd iiitttn1196.3 A%.oI-itic t sil 
w%.i%dlemtuiird tit- tile' fliviiod iII Car1livniti itit I i 

I-ac tcportied tl rsitIttn I% thle .1se.C II I ist 1%tI,ilt'.itiow
M~lERA ISMI~l ioislilttls. 

:11B&M]IIAT t S()tlitid difftitelli upi'ljo.lic I'%we're juiii forsil lta 
*In11:, OC'ONtirs usi iia um*r nutore i1tit, Ii'ilttt It"li t1llultts alii~of o.ltt-C thiflICilIIes alt llll isdtit il iolitltSI ~5tiil-tt 
and( Janli.c. lK'cttlllcrilirlit iisd (ort Ilw ttoiko~li stIthtll%0.. allprltiatc till Tattle% 2 and 3) tilt diii tt-I .1.plluwit ol.tittiti\ 


fiTaIthlt2ts. Spl )t~lt tcttill 'vli to ii i t 1r102d Iflai tiltf1.dmi stitutso 

pluie1tin titi Ill iltsleCocstillo.kittllt 2(111,l It'llttu'1t,11 t spra) 3,SaiWildi0 Ia acsur itahsh11itt 

Va/un40(1?51JU RNAL OF FICUSOODNINF-1 
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slittiteld samples, Typical colotr values for spray-dried product
I.il ,351 muitire) igre 81. 0.1 and 9).The whiteness of freshly
ri-hyedrah'ed ,ry.drd prodcit is sh.lrply dependent on Inois-
itirv Conifetti. %Ilh mibmiI 1. value tccurring at cj. 35%
itoisture th.i ii2w %flown). 

Concelrtt. ntitdc front white. p:lired coctmits wsV nltch
witer th.ti tlhItroducI prel).ire d fromtt co ouits which re.
1l.iiiei tie dr, h, ll. fr'o)om'nmrtr*iroin phi'd c iolonut (not
,,lray-dil.diI aIdI. v.lle of 4 I at 35.S,in stu1ire. All other data 

rtfr
ittis arth lt't products ninde from iinpared coconutls.
The relaitin,lip Iletweert oistuire .conitent and water ac-

tivily I%lirf.eentii InFigurc I. over a nirrow ringe of moisture,ntlent. I iI'V I.app rexllxmm lirnear of water ac-depernd.ce 
tivity Ilplot imu,,silie con(tt. At givtn water activity, samnples 
. ir lltat w'; hlthe.r in nioiture contet it they ii-

h.de tihe .ooitlu water .,ilids. Iligher inoisture content of" 
Iprotitl with cot.'irtU water .t he acconittlld for by the deli-qteSnllf ntre of4coconut t;ier, which has 47",nmoisture at
%%.tier *,Icllit f ).,45. Ili dala prc ,nted in F:igtre I ire 
.1mlii.,, tloplevi4t'.ly ri-po lt dala (Ita)tenm er et at., 197.1),1iot are tmixidrrl to he m)o accurate. 

Viwooly oh iitenrmtidiatih. mtoisutire ct(onml skim milk sam-
pies as .a Ititt'lim of witer-.ictivily is N oliwtt in Figure 2, for 
.tiCitti t ,ithi o! without cocontit water. Coconut water

-cr¢.+s,-s"vi oL(smtIly.theOvi narrow range of water activity
'verlIltit I nlolhr i litIIlI ()Ivlsko',lly sho'vs approximate

1;tIrl tIpiidt, luon watler activil)Vr.\'Nkscty is expressed 
a fmtii of wt'r .ctist,, rltler tlhin itoistuire content,

lh'e 

.tl pri ip+r tllv 


i t.,r tlonit-iit. tiitLinonshlip betwveen these two %:ritl-
scIsiI' ol I10.000 ep or waler activity of 0.80

.ir,' co'n,',hcr'd i~mitint e titions 't"hec;tlstof atticipatcd 
ploiessiri td- tr-l.lrllhilgher viscosily, aidI at mnicrobiol gticalspi)ilage :tii.lherittoisture. 

Vis.osl) I also timit- dtepenlent Uplii processing teinpera
ttrcs Ili' l.ila in I.ahle I report vistLo-:ty as a funiction of 
'I eelt't lit-at Vitso ittcs in Table I refer to concentrates
ilh .2 S' i..stulre, prep.tred %ttihollt coconl water. The 

viscosity li ea h iast %..,sdIetcrinliit-t fromt a rIph of Jog
vsrcosi ss n oistirc. I he ila indicate thaIt reconsti
tltled sp1i5 tiIVl .IItIplis have higher visco ity (pretinlably as 
.-result ,it1'Iyini lh.l) tlaitt ci)nci-nilratt- pieltared by direct 
etvaporatio)n.

Addititonal experiten,,Isnidic;ited that concentrated with'
I1 ,IU isute I rlhytrated froim product spray-drici
4'0(7) .ltu'wt-d ,n ;aer;mge 

at 
(if I6'r imrease int viscosity after 

hremin: 30 minn t .I boiling water bath. I hi, heat treat mert 
tatised ,Il' 0.6'I dcreasc iiit protein solubilily (not statisti-
,lly silg llit-Iant it 95'; levl). These tl~ilIa indicate that for 


coconi skiti inilk, v iscositIy is miore senitlive 
 than protein,lutib lltyI, heal etfe ls. Blecause viscosity is so sensitive to
i.ll effects. the viscosity values reported herein only relate to 
It t p re se n t t itces ii g co n d itio ns. 

Gelation was observed after rehytraled, Spiay-dried prod-

it I ( 9', istu ltire) was placed in the ioiling w-tier bath. Gela-

Iit did not 'occu r when saitiplej of lower noisture content
 
wterI atllt. (;Celle-d samples gase 30% decre ,se in protein solohility. 

Storage stability 
Sanples of rthyldrated, spray-dried coconut skim milk were

prepared as de.,trihed in Ithe methods set iom. 'fhe experi.
ii.it.11 ihsigi¢ was Ctiiphlete block, with vo moisture levels11% ani .17;'). Iwo pIt Valles (.5 and 7 5). two storage 
tvnilteiatu re s I !.)C and +23"(') ;iiiil with Oi wlithiut 0.03%adled qotiiitim stilfitl.In :tdihitor, samples mt23o. (no sulfitle) 
were stored it light and nathkiness. rile restlls of this one 
exlperimeti ;Iae siitmiiari,d in Tables 2 and 3 Inti in Figure 3.The samlilties stotred at 20'(( did tint Change in allteran , 
with I nlili's storage. ltow.ver, the conceit rate sto. 
23"C chagetd color, with a dark hrown layer 'orming ,. 

uppermost 2 -3 im. *he data in Table 2 indicate tht 23"(*
storage Caused signific.ntl decrease in Ilnler L. a. 1) values.T11C ch-,e in pII islHlt s titistically significant. hut was small.lNo statistically sigliiant ditferce- were noted by tjstc
panel comn parisons (if fiflecn pacl,ts comn paring proidtict
stored at 23 'C for I itoith with frsli or froeo sampie. only
si correctly paired ilestored samples. "h,.,i,.ix.ive st,age
latings for 6.7 ftr stored product and (13 for cntltrol. The 

t aste11.1p.el evaluations ImIic.at that no gross chang.cs in flavor 
occurred during 2.C' storage. 

'ie dala in Tilde 2 rlrgi-st th;at no Changes of ;illyseriou

consetlt'nce ocufrred vkitiI nioith's storage*,v at 20"C. Ohserved chainigs %,crceitter too siall to tic of intiieh importalei 
or were not stati. ilntt'iiant. 

Of prtitlar inl)tort.mice in 2 is the dall;Ihat reflectsT']•hll

microbiologica;l activity. The small pI ch.ange stggests (bll
does not prove) th:at little miiicrobiological activily has occurred. The cos t.ant valae of total aerobic plate count during
I month's storage sugets that the product remained whole
sonic. 

The microorgam1stims present in starting samples were for tie 
most part tinidentifled. Analysis of initial spraiy-dricd product
Indicated total acrohic plate count of 20.0)0'g. total cliforris 
of 71g. antd negative valuies for srt-Urit v'h. I:. (',i."hSiltsilt. 'C.
riS ert'll.T. yeast,; intd inolds. t IThat istir- coltent %Critical 
to ittaintaliiiing stable i1crobiolhoical leel'- was itldicateid by
allaixiliary experimtteitt: wheii water contInt was increaeld to 
42"% obvious spoilage otcturrcd.

For furtier analysis oif tie varibles affectlin colhr change
the "total color" clagie (AI') will he used. I&I" 2a I I- a
+ -b (lltunter, 1973).j The total color change fiont /cro tiie 

..
 

9
 

Fg
Fig. I -Waterctivity - I' 

as a lunction1omorswre . On 
ctnilt. estimted tr A 
standdrd dcviptions 
af,0.O1 unitof water " 

activityand 1%,CoiOtuN. Wl 

A WuimmOut COCONUT 
W 1fto c 

I. t. .__ 
r ,tO u 0 

P(tktNr MOIut[ 

Table 1-Viscosity of concentrate as affected by processing host 

Viscosityb 
MaxprocesingtamptcplMax processing temp 

Pasteurizod at 65"C, 9.000 
but not spray dried 

Pasteurized at 5C. 17000 
then spray-dited at 98"C'

Psteuizd at GbC, 87.000 
then spray-driclat I08'C' 

Protein 
solubility 

78% 

76% 

78%
 

Averleo outilaai1r iomperitire. Tho ilimny tirled n~rodut I was re.constiutall witt, walur to form tho 52.5% molsiir puroihlc.b At32.5% multirn nd 35"C.monsurmil with U'(jkliutll vscome. 
ter 

http:chang.cs
http:ImIic.at
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can he cxamined if an assumption is inade. The assumplion is of low mlloisure content. 
that average color values for san'ples in cold storare will bc The effect of pll on color stability is re e complex. and is
taken as equal :o color of the rehydralcd, spr.,y dried cocort shown in Figure 3. Thesw daw indicate tlhIt at fiII .S the
skim milk at zero itme. This assmpltion is baled on li. fact sallples darkeln faster (%lope is steeper). althoulgh :t il 7.5 the 
that cold-stored samples showed no significant color chill' sampIcs were much d.irker after the 8 hr Iu'quired for rw'hy
during storage. Zero ttle is laken as that itle after dry print- dralion and samplc preparitalniii. The sam'.iinlcs %%ilihithe Ill 
uct was mixed with water, pli adjustel, portioned into sample experienced a bit, decrease in I. valuie duiin g the thyhdiilii 
jars, and pit into cold storage. These activities required ca. 8 process (which involved t'ati i ting (iO'")hr. In a related cxperucrtt, the ahvei e effectl of Jill of' whilt

Using averiaged vatlies for cold sam Ies as 7¢ro time values, ness was alto noted Solutions of ioi imI skim millk wet 
total color change at 23 ' C is indicated inl Table 3. These dta adjusted to sclet d Pil valu,. dittid, and color of dry prodti.
Indicate !hat neither expostre to lil).ht nor dded sulfile af- obr;ervcd. Sample' ill coconut skim milk at Jill value.s of ,. I.
fected color chane. flowcvei, color change at 31' m-,oisture 6.8 and 7,5 , to give prl %I%erc sprly died i \,icwilh I. values 
was only 34% of the change at 37% ioisture, which sul!,gt..Is 83.6. 71) 3 and 77.3. I'recie drying li %ample%itumetiatllv 
that the problem of color instability can be lessene'd by the use after pA adjustment .ave sitnilar result.I lits lthia suggesl 

Table 2-Changes occurring botween 4 and 31 days of storage
 
for paired samples
 

Change leo,0go r" - -- ". . .
 
Initial Observed required for
 

Paramoter observed valuea changeb significa.ce
 

Stored at -20'C 

Standard plate count
 
(colonielg) 14,000 42.000 2.000 
 ,
 

Moisture (%) 35.1 
 -0.1 2.5
 
Brookfiela viscosity (cp) 93,000 416.000 21.000 for=sa
 
Titratable acidity (meql/g) 0.074 *0.002 0.011 u
 
pH 7.09 -0.04 0.04
 
Hunter L value 28.1 -0.2 1.2 "
 
Hunter a value 6.0 -0.1 0.11 I RLGION OF
 
Hunter b value 9.3 -0.02 0.27 0 ACCLPTABI E 0t
 

U VISCOSiT AND re-

Stored at +23'C 
 > WIR ACTIvilY 

Standard plate couunt 
tcolonim/g) 12.500 4800 1,900 , 

Moisture WI 33.6 0 2 I 1
 
Viscosity (cp at 35,C) 89.000 48,000 10,000
 
Titrattble acidlitv 0.076 #0.006 0008 
 0 WITH C(C0ONUT WAilIt 
pH 7,05 -0.06 002 A WiTHOuT COCOhfUT WAIt.FI
 
Hunter L value 24.6 -3.5 1.1
 
Hunter a value 5.B -0.2 0.15 Oo 075 
 01O 014,
 
Hunter b value 8.2 --O.R 03 
 WATER ACTIVITY 
C Each rep o r te d if ii t ial v alu e is th | a v e ra u -io f at l eat it s il tol mi .2hit 

Each reported charnge s ite averaqe thanrje for at . , Fig. 2- Viscosity v Water activity. Vocsity anld nslrtuul cOlita'ilrs
of samples. with one of pair analtyletl t 5 .idla',and onaan elr 31 were measured. and w.ater activity was re.ad fira11 F jgut I S rulepdays. were prepared hy direct evapof urn rtther thai lr'i nstturolt ofIt Average chnio requ;red for Sitijirfictance at 5% Ivel. caicuitaled spray dried ,i1mple. Viscosity was oncastired at 35'C, wairr/ activity 
from t test for paired sarrlots. 

t 23°C. 

Table 3-Color change as affected ly exposure to light, sulfite . 

addition and mosture cotent, for pailed samples
 
Number of 
 phk,,, 

Treatment Ef pairod samples Fig, 3-Decrasein so 

No added sutite 3.9 lightness 1 J i3s
 
0.03% Na O 3..function of time in
 

differenceb 0.0 4nd pH Stvr,,gi. w, I
 
37% Mois-ute (a," 0.84) 5.9 
 at 23'C. Estiniated L t
 
31% Moisture 1.-, 0.79) 2.0 Ltandrde i i n,.i. J

diflerenceb 3.9 value
6L Iisun'. 
Exposed to light 3.9 Each L vaflue is th?0 
Stored in daik 3.9 iVeraged s formlue 

dIfcrencet 0.0 a1x different snls.0
 
a Average total colo. changoa afte 1 month of storago at 23"C ....... L . . I.
...... 


A i dierce of loes tire, 0.0] units I( i)gnificant at sit tit.|% tO 
 hoi00 iJA(sconfidenc, level. TIME this) 

15 

http:significa.ce
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Table 4-Changas occurring during storage of coconut skim milk that elevation of pln during processing lie avoided if possihle. 
at 31-37% moisture Protein precipitation would best be avoided by avoiding cxces 

hcating, rather titan by elevation of pll. 
AvgG Change Other parameters related to :.torage stability are reported in 
initial Observed roq for Table 4. The ob, ervations reported in Table 4, tnilike those in 

Parameter value Storag change signlficanceb Tables 2 and 3. measurc differences between spray dried coeO-

Protein sniubiily I%) El 30 days. -2(fC 	 - nut skim milk and stored concentrate. :or control observa-
Protein soluli.ity 1%) it 30 days, 023"C -4 3 [ions (Table 4 only) the sanples were not rehydrated to foriit 

RIleducin.1 %tryiis.1%) 16 3 months, 23'C $0.2 0.2 a concentrate before analysis. The stored s.imples were concen-
Available lyvine trates madc by rehydration. 

Ig/l1g N) 3 0 3months, 231C -0.3 0.4 The data iti "[ablc 4 indicate that at 23"C stor|.ic: reduction 
Peroxide valiic h1iti in both protein solubility and reducing sugars, and also in

ertuivlIciiIk9) 13 6 monlhs, 23'C P22 10 crease in peroxide value, were significant at [te 9.5;% level. 
Fro lilv will% Reduction in available lysine was significant at the 90% 

(as %of oll) 33 6 months. 23"C -0.1 0.7 level. A reduction in available lysinc would st'..cst that the 
i.. . . - ..- .	 color change was a Maillard browning. 

1 Average al I for o a:j% Calculated 'rh rise in 	 is a problem. Al-In r....... swirn.ficance f level, peroxide value considered 

from I iest for ,114,. .ii tisll allcverage of ill least two thouji the saiIle (lid not have a rancid odor, the peroxide 
oieotvallocil for built t tinirol ani stored samplo value is probably approaching the danger point. Use of in 

antioxidant Iay be iecccssary. 
Since the changes reported in i'ables 2 4 refer to concen

trates made by rellydration of spray-dried product, they do not 

Table 5- Effect ni moisture cuntints on time elapsed until ap. nece.sarily give qllantitative indicitions of changs that will 

pearance nI vtsibl, ri:uld on samples of concentrate& occur during storage of concentrate nade by direct evapo

...... - ~~~lation. IHowever. tihe data are assmed to give a valid picture of 
Moisture No. of Average time the potial problems to be expected upon stor.age of inter

content samples 	 " (days) Inediate inoistire cocontt skim ill1k. 

The niot s'riolil problen encounttered 	 upon storage of78% 	 3 22 

29% 	 3 29 cocuot skim milk concentraite was lie growth of wild, un
31% 	 3 14 identified mold il .in occasional sanple, although not growth 

2 	 was observed in the sallplei; analy.ed dlring ili storage cx
33% 


35% 
 3 8 peilnient described, 

Samples of concentrate at moisture contents of 29 to 39%
37% 	 5 8 
39% 5 	 were inoculated with mold ant the amlllls oh,-rved daily for 

. .. . 5 - -visible4- mold growth. The results, shosn in Tale S. indicate 
Samphles streiail at 23'( Concrnirale includes cyo.onut water solids tilt inold will glow on contaminated saniples at 28.39% 
antl wia ,nailahy thitm,:I evstiPoral? in Mold counl alter Itioculon moisture, although with .hjwer rates at lower Ilst r'e con
was 80.000/. 	 tent. 

|Prevcntion of mold contalination would of course solve 
tie inold growth problem. However, this appr,:lch would 
probably involve Ilse of expensive packaging, which would 

Table 6- E fle:ts of variables on appearance of visible mold on seem to defeat tle porpose of considering an intellediate 
ainoculated samples of coicentrate moisture product (the purpose being to econolnize). 

... u Therefore, the use ol sorbic acid as a inold inhibitor was 
v 	 examined. 

vrate (pll 6.0 6.5) is near the upper limit of elfectivetless for 
me of idys)until appearance Because the 	nornal, unadjusted pi! of the conICcn-

Samples with irbic acid, samples 	 were prepared with different p1l values.Control 
(No sorbic acid) 011% sorbic acid 'The result,%shown in Table 6, indicate that at p1l 5 0 6.5, 
....... orbic acid 10.1'1,) iNeffective in controlling iiold growth oil 

:i5C Stnragc concentrated coconut skilll milk at 30% moisture. Refrigeraed 

pH 5.0 7 100+c storage is also effective. 
5.9 7 	 100+C 
6.5 7 100+C REFERENCES
 
72 7 19
 

AOAC. 1970. "Officia Methods of Analysis." 1 th ed. Asuciati-in co 

23C Storage Offtchl Analvtei Chrmists. Waiihintun, D.C. 

oil 5.0 10 	 100+C Ca,'irntt-r. K.J. 1miot). The estimation or the avaiiable lyslne In aniia
tirotem fuod%. ii,,,:Ain. J. 77- 604. 

59 10 	 t00+ DindY t).A.V. and rimiauans. W.I. I J973. Dtsvoinpment of a procis to 

6.5 	 10 100+c extract prott in .id oil fruin fresh cocraliut. Ol.uneaietl 28: 589; 29, 
16 37.to 

Fe"tt. IL.. 1973. Watvr aectiity dietirniln.tlin ili foods in the' range 
4-C Storage 0.R 0 to 0.99. J. 1",, d Svi. 38: 1 Oj7. 

4uoiGi alcv . A.I,.. 'l.,cidii, "r.it., tluc.,a, l:.F.. and Ntalalac. GC. 1971. 
pit 5.0 I00+C 100+C 

Labioratory stuiih %a thii prcpiwrattim of cuconut skin milk ceincen

5.9 100rt 	 100+ tlt,'. Annual Ittia rt, Natloiial li-tltute of Science and reciitiory 
(Manila). 

6.5 100+C 	 t00+c Ilageninaier. I.. Ca.l r. C.M. aid latltil. K.I". 1073. Aqueous pror'vusing 
7.2 	 1 00tc 100+c of fresh coctinuts for recovery of oil and coconut skin ilk. J. 

Food Set. 38: 516. 

a 	Co,'ntits re eir.stctod with coonut water in naking tie con. Itlacinmtelr. It.. Mattid, K.F. and Catur. tI.M. 1974. Dehydrateid coc. 
tcs.,,it to Matte toy air~ct evanoratloii (nut r stslitotml). Mold nut skim milk as a fimit product: coinhusititin dflli iun:toloa.lity. J. 
romi2'ii~ti Maft l latiii oto Mdi 3U:r wa 540,000/g.i Se. f1t.
 
count aft~l inotaii ln WaS .40.00/g. Ituunte~r AlSsia'iatc' l.ahnrattirr. Inc.. A l '97.I. l'anils.let 131.
It'r 
Li..hi val-ois nvvo ,pi for Iwo sanmples Trntbuld. 1I.0. asi. Aurii h.. L. 111)13. " .F.oiICouinmiitliits aiiid Anit, 

' Nio visdl tlold wa s nininev l at 1trnilillton of experimenl, which ils." 1). Vill$N.,truills 0iiipailly. 
. 

was .faar 100 days ul stnrsue	 lilts uisi'iveI I/L.1/'/4 m.'vlsrd 2I11/75; ov.ra.itrl'd 2/11/75. 

7.2 
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Fond P'utgiop fleseatich 6 DIerL'igeitog Copp'.,g,Tvxa.s A I%At Uuivrrsity. Copffibqw XItiotu. 1X ,'..11 

DEHYDRATED COCONUT SKIM MILK AS A FOOD PRODUCT:
 
COMPOSITION AND FUNCTIONALITY
 

INTRODULCT~ION w.,uattidelcti2222d Iweiiil ulcd CNp'1,11%ilIl .11 '.111Ia fly .222 .1II.', 111pe~li-.1 

"COCONUTi N t. is file nalicO coin-l l~'( A~22rodpI~ cspi~ii. 2211. iil wi. liii 11ti, 1w111'i .11ti.'Iei 2,i 

31only g~iven life. Iliid dby in . .1, aidded h.i2, and tile pwici Vi..co..iy 111C.iiimc.to p12:p.2red 11 .11h10.1 %%t; %%.I% %mhl .1 ilfo,kIfcI, 
aqueous extraion)I 1 ounld-up Cn2von2I sobiili 2(2 2Cli 122222221W 2%11222212'Il .lpl(if 21hit Own .2222 .21 %%fill tile22,122...Ii 

222'1221' IMIils, Thet ii lfltent2 (if ciwona22C2 ,iill. 1i112clifi Th Iow n iviti.I uvi2,-lii mi22.22l2i .,cti 

differ% inarkedI5y froii-i ht ti1 2.222.2.' Oil2 1%.1 Jelt222222.21 2'2t2ij: .22 2 22'21 tha all2 111iltitt!!. (milvt.22 .2 2f2t- 1 r 11%the floi'vi lp.2'' liii' 
wvhilec (,%v'% miilk ha.% .1122.20Lt. 1 1 i'22 '2222?' till:' 1:1121 2'.22 I -1I'.,221 I' 12il 2 I1' .,tfii hi1212 ion .22I222 %m211 I2 iIcIl iii,.! 1 1.22 

of oil and. plttit Ill. C2conu2?t 1111i.k 12.2'.2,222 22211 , iii.I 2 .1,ti. 2I, Ill 1112I .11141 %%ell ill vila,1I1 tit? Mvivi2I'l.i,s ,2,111 11-1 1101 I2V2'2 1101 %%I 

teni Ifilit"2 s2iiic oil I%~p12222122. Rc22222.,2 ( 1091 lilt- a-I., d -d! %k.1%2Ji11~:t'd hy cIlitkcul (tit t,2s2:'.1i.t'c 11).40,11"%'. 

Of III 2'. .2.' I ')V12 od uIlrtll11.11iiot1 (1l Ii-2I22.'k %C111111 ,-IllC (2!1 C lllit.010 1 %1.1114I.14iiii i2ll,'l .,2 111 n 

a prC)(IL2t vixtirlIy %alicki k.C)212 %i?:i and22,t%\,II vI imtcL~~.1%is ,." 2Ilwi2 Iq ~ M2illeiilt *'22i.222% Ic2 drf. 1"d222, 1'% 
Illlk. I 112Vb221J III,] ,\iii.ii l'. III 2 2%.,.'p, I )t2j,.2j L2,2 .22 .2imi22 , .6hIofillp.i 1y ti.Own, M' . 2,w 

lil IkCOCuiuuI1 %I,22 Il 11.1, ICCeIIpt'.2loll. .12.cr Iliv222.2%21 2.2 IlI.iii, I .o 2 Ii .'ti22l 2122 0.1212,111 .11111 1,112. 52122.22% 2 l..k I. 222.0c 
ly C0fiSiIVCI .1% ;1 1122?12Il22i2'22 l2.,2, 22.:2If C.\11.1, I I I Ill .02 602 (* Ill 1 "M IRI. 222222,'21I) No'Iiiii[it, 2.I,221.2121 ~ s2 

produItct (Ia~j2%2kli.rin and Sict'IIi'.I 21II2, is 11,1111"VI-1 .112 ,,i,.22. Sti'uuiw . %%!2 ItIm.: It 222. i l.2 it 2?.1 111.-1,?i1i.! 2t, 

ever, life 12?22d1ici is %till 2222 .2vathi.211 22222222 .I file .. i2jl... 122'. W r %%til 2.?l .22 pi.i2'ii1.IIu2t~Ii. It' 1l.22d 

bCCaUISC tt I10111C111 22 ho .222, I22CI.1,2112 %%.1%.2 12'5d i,'%kllw 11.I2, 2,2lCH222.iu1IeI M.2:. .2:2, 222222 .2..22 

'11ic CCItIII- "C2.IO.1221. fil 1221.11.1222 22 Iscale lircilaritt2(22. jiriililt''is I4qiiiliI' 1kui11222,22522222 ton222 12'2i .iII1973) 122' . 22's2 .22 t, 

overai~ti(1i2. vspccilw)~ lilt, 2.11 vn vp-'21.22 

aration of oil from0 (21122 c22121i22':i?2.
 
(I ag'inicii C Ct a.,. 197 2j) . (12! sL'12iia.212222 Table 'i -Chemical analjiysis of spray-dr felt coconut sk im milk
 
I.%ilnplirIinl I21'U22%C ICI, 21 .2 %11'sti~
tilt2' 2.ff? 21121 \ 

onpswiltrecover'y dc(iC.222i2lCN the C22o 1ofOe 

c0c011221 skimi mil1k. Reteily. .I ptt c% Coconut water lTp Wilr 
has hceiu ti (%L.1 2121'2 wic'lidclihi't'c ca used in used in Standid 
9 1 'JGfec2.very ti i 22 adl P2lijcC' a tit fell. ptocesling prOcsso2Iy dev 
ccoInoIi'ic c2.22.n222 skint i22kl I I[lIn2 Pluicir, 
IaiLr CI ;, 11)731). crude Protein 

Thle pu2lp)'o.' Of this2 wol 2'. t22 l1rc%vi I2N x 6 2'51 25 30 O.81.. 
a ClCilliCal 1l2'SC.1221 202l c001.2222I211S.1,11222 Low M.olectilar Wt. 

ilk.. descrilli %O2li pI2ysic.iI. 2122ici N 122s%ofl N) 8 7 05 
plOpeL't 2'.~ and1 pfcsi.'t !.(22222. 1.2SI2 121.21 a 
eva.ltiijions 221 rel.02IS12%I (1222.221211 %kii rueFill 
inilk is .2 t12.'V.il22. ItIi presume22d i Ii.it 1122' Free Fit Acid 

aaye isnewilloid lL11w. (as5%W9Oil1 3.2 1.4 0.3biasis fill inlet pI el M loll of file physic.!., Non sa12u21212212. 
Cciinical a1021 1.11itloil of2i.it'22i. f! %Iof 0 1l 3.2 0.5 

cocolut s-1111111k.Ioiliw Value 

AIEN (XEaiX of Oil) 6.3 - 0.7 
EXI'EIM IETALCarboh~ydrates 

A(I)~r'P2'2.222~2II' 1 2.0AMNO inil's c2~c2 UIf 2.8 0.2 
slandiard ion 12222:.'2.i2.r.i 2 Reducing~ suyas 45 37 1.5rwiaiw tit Ibow.ifl 
hydrolysi..'2 %%-1il252Is'ii1' .2i2.l~ Ltd 2IJ.i.I)after gnvel sjon 
as vy%'Iciv eviud. No' vtiition22% %wre2.22 211.'1c2flsucrose 33 - 1.5
 
EsliCtio (CIfAICI IS2212 21221q! Of, %i% Crude Fiber 0.03 0.03 0.02
~ tilt'2 2 12221 

NV1c122.22222 

wpIdId12. 12222 .i N; 11120%%i22.1%II2!U g 0.5 0.5 0.05
 
Ili'..' I21111. 22.22 2.222.222.1)l%,t 1221 Mine.rals 

Itimevctl. 22Wvi 12 Pht01)1(22US 

Ilyitrul).s22 to2 I222%e.'2iovN..22222. Calckunm 0.17 0.06 0.01 
I'oi.'1 22Sl 25 \%,I 22.'2*222 2 I 'v 2222 Manesi.umn 0.26 0.36 0.032212,11 2 2' 

plo ucd Ii 211V '.iIi . 22.2222 1.22 .A 

iniillato 2222221 2'2i'.' me,22'mv2.2%2222;! I'll.i11li Sodium 
22.12ith apc1 32? Potiassjum1 3.6 3.3 0.2 

0.9 1.4 0.3 
k2.'lil'ifti22?'1 W11122 .12?5.(2t0 N: %211100'. 1122e Chloride112 1.6 1.6 0.2
llJl.iiil 1211221d2%\ 121 111141ti1filted'i \\ noii~ii2. Ash flcco22ietti, foti 8.2 9.3 0.4
41 Iilti.i 12.2pe' ind2~ .ilyivil 1,2fi 1i'.si'I~' Ill.' 

leinII'22.1)52~ .. cd 211 ) (fly *22fly s Is221)'lii'1.22 t'~.A'.Ji 8.8 9.20A 
Oiili.' v1.11.1t', .2i'.1122i1KJ.'141.21i1. 1 al ci ,l.. .1 1 %f if i itaraI contnih2222222 


lite.111t,11i1 ill I' ' 1 22'2v 1ii21'l by) Ilv,.g2 b Atlootiu of .12.- moi0stu21
 
. 
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ir IIJt|icill tit llud viiUo lilcjtl, rcinv.iI Uf• lluti nUt -- r-r--- - w -- r- " 
-. 1% ).l) isfeile |llllJIl.111, J11.1 %c.lt~'Jlr lltlofl' 

•l-l14 'e llut l1l1.1%t- 111111 ll , 11~.1w 'i I s a c e:lilliful|. 0IIh," alli' lt . 1iII.:%i doin.1\ict Iy %I c.iyiti) Jin .11 z* 1 
1

tit Il ll r. i fe% ,1it95S -93 C. is, rl'pI 

Ihli \i.iltet ulL Ili I,il lilant i Ifepiatio~nst 0ll 0). 

1l.11 li, . t %%|L,.1% \tely V.ill; A lylliii.l 40 

'. CIt'li I. I 'iii ('.I *iiidl (.5 111111i%is-. 

.lltl Ill ll , wor .l .ly
I) iSCUI n w 

I~. *ldg,1 ii1e.8it r t+\ il iC 1,i goi 1l I .~.' tai% ilI' il iii.il ir e n ore lo 'oo-vi 
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Ratio to R 3tioto 
lu Sh e rnbAmino acd lg1 N O eggt v a e FA2.p2i l 

Essential 

Ir uins9.inn .3 

ieucmie ci1% 5.4 110% 
L ysine 4 .Gc 7 1% 1 06% 

(lotal Anna ici 22.0 (106%1 
Phe yli nino 3.8 65C% 132% 
Tyro ine 2.3 55% 80% 
(Total Sulfur Containing) 13.0) (54%) M70 ) 

Cysteino 1.7 71% 84%
Mellhionino 1.3 41% 515% 

Threonn 3.4 4"7% 83%
Ttylittiphinl 0.9 56% 62% 
Valin0 4.0 55% 93% 

Nonessential
tli iid no 2 .2 

A rflinino 15.5 

.A r tlic" id 1.. 


Glua mic Acid 22c0 tlroeplfi 


Serino 3.7
Prolific .5 

*Aunlt0 4 .1 i:in 

Gvncinio 3.8 


I OTAL 90.9
1 ()TA+L00.!iI 
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1i 1 frAiO ilo ,onli Impui l il t 221 1 a .imountloi iiirgi on. 11lil lgd
FAO vlitasl used, worstO asl rlmo vdll in FAO/WifO. 1965i., Protein 
nutilerinnsits. 
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l(7.)Jnlill watr %titl e liil IhI ;o i Ill tll 
wa~ter. 
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1964l),.). 
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i1 1fh.1l 
t'iri.l lil Ni l m ilk inih tic siiui@tble for a 
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l lii fi ll bIIeverage.
lie ¢flec t"f oncnt rtl ionl oill iolubll
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he AI lieit '.Jallve i(Iwll 
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IIltill€ . rl eh1l is 

%llldls o~vetl h e tlttlillre(41 Il i ll.111gwlll . 
I nl¥1 ll a l e d. A l ip olx i til ely 10 % of('l i e1 

ptolii anid (towl ,1itl11 Wi'ri' oheived Io 
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http:crl'l.tI
http:d.h"dw.11
http:Uliit.ti
http:rcinv.iI


-61- Appendix i, Pagv 3 
198-JOURNAL OF FOOD SCIENCE Volinne 39 (1974) 

I- - 1 I ' --T  -"- - ---- le'i Ill Ile %.IlIlt e-% (%vt I.lIe I I .ii' 
res+,Jllll ol Illl, s-dof lilt+' wNIlfJlh !e +I 

Wlt'ImIr hld ii. &~ he w1.iiif t~~ "J li e 11..'t Il1 -1 1 4i , i" i t'il % sii l 

"ll*I i III li'l~i' d \ If e i l,,*i ini *S.ii~ h 
ow1.0, ily of sllhliii i11, I ll ,, iilitl %,1111l 1ill *. 

W' "o'h ivui. , II, i ll '.i.tf1t he sil t' J"1111.1i. ll 
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loin In coconut skim milk. Protein solubilily at 25"C alter liatutigij for Tat o 4-Eu uihmeum moisture conlon of 
20 min at specified temperature o si-..... 

%of Ilroljiii ditolvitc * Moisture lifter equilbrtaion.i 
PH 25C 

.3 
55'C 70'C 80'C 9O,C 95 "C 125'Cb Water Prepared with Prepared without13 _80-- BO -ii * activity coconut watle coconut water 

7.5 84 83 85 81 80 76 79 0.91 51
7.0 83 83 83 79 75 70 

48 
75 0.84 36 336
.5 82 81 80 75 49 44 43 0.81 36 33 

a 4%.,rehsampleo was 5% soliito aid O51t waier Slandisci th'vinitioi is i. 0.75242 24 220.43 8 10 
b ite temhle$ at 126C w ro ai,,ouvacl.. I Stan;dard (Iioi;iuis is 2.fa%. 
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ROBER r HAGENMA'ER. ROMMANEE LOPI rAKWONG and SUKONCHEUN VrlASCSrAKUL
Food Protein Reseirch & Development Center. Texz A&M Uniscruity, College St.ttinn. TX 11843 

A Research Note 
NUTRITIVE VALUE AND FOOD USES 

INTRODUCTION 

COCONUT 
 SKIM MILK is a liquid obtained from fresh coco-

nuts by aqueous extraction, followed 
by gravity (or centrifu, 

gal) separation of the oil. Coconut skim milk 
products have 
been considered as a food for child feeding (Rajasekharan and 

Sreenivasan, 1967). 


Recently, a process has been developed at 1 exas A&M

University for economical or
production of oil, concentrated 
spray-dried coconut skim mill., insolutle protein, and rc5dttd 
from fresh coco itts by aqueous proces;in. (11.plllnaier Ct al., 
1973). The composition and physical properties of the coco-nut skim milk so produced have been recently reported

(Ilagentnaier ct al., 1974). 


The purpose of the current work is to report oii i lliti,,

value and food 
uses of coconut skimn milk products as prepared

by the Texas A&M University process. 


hIETIIODS & MATERIALS 
PROTEIN EIFCIENCY VAItE'(ER) determination was detcminedaccording to the AOAC (7970) nielhnd, by WARI Institute. Inc. 'It

reported values were corrected by multillyinpi the factor required to
adjust the control casein valcs to 2.5. I'ach IIR retsull is tiheaverage

result for one batch of ten rits. 


The amino acid analyses were 
performed by ion exchni'e scparalion
of protein hydrolysates. I he basic arino atidst% CICCluited s.ili.3 N 

citrate buffer at ilt 5.27. 
 55 ';acid amino acids with t.2N c ltea.buffer at pll 3.30. 5(: and neutral anino acids s.ilh 0.2N cilrale
buffer at plf4.25, 55"C. A nitrogen Ilush was used to hirvsnt iiiili-
onine oxidation during the acid hyd'ioui. (ysreiin- was anilyc/d
separately as cyseric acid. "lTypmophln was measursld by the uieltod of
Kohler and Palter 11967). All reported amino atid coirrtnis arc aver-
aged from analyses of'al least 11so idecleienilly prepared samiples.

Taste panels %Ciecondulced by petsenirinl' the untrained panehsI
wilh two coded saiiptes. "The tamiples ,crc s'oted (n a rune cal irryword scale ranring from 'dislike cslrcne> to"like esicicly." I ., 
data analysis the catelgories were raded fruim one Ion1ine1. 

The cocoIut skim milk plioducts siec prelared s'iii pilol pIlni
equipnieiit. approsiniiaitly is dcserilid proesiusly (ll.igeiniii i l.i.
1973). lor prepar.iini of the 'onriclll.iic tIhe Ciinuls ste Ohelled

and thc lesi;piled ofl. 'li coco luls \cere tounmnli tctiJndan rI.iicd
first wilhl the coconut V.li and nc| witIh .tip a.iir. 'Ilithltld e\In.ici(coconut miilk) was teilrifuged to give thir plioduket% o11)'anl ph.se
called Coconut ci t.ii, an aqlucou, phase calledi iocoiul skiii m1ilk. aida solid phase called insolible prolein. "lheci 'il \Lim nilk \ .i 
vacuum evalporated it 55VC to give a ¢uClenii.ii. Sprii)-sried croiut
skini milk was preparcd iiil.uty cse 'Ii tti.ii the teti t.% not re-
noved. the coctonut w a.itss iot use¢d a.%ail efaet aind Ihe o.
cenIratioii step was Io!lowed by spray dryiiig a 95C outlet air teilier. 

OF COCONUT SKIM MILK SOLIDS 

The control bcsrcage wa% fresh coconut skini milk prcpaled wilisiul
 
heating or cvapialion iii order to pre 'erve 
 Irle fresh cot..liLmitll la CFresh mature coconuts werc grouindI. In a Ilaronincr mill. tiijt'cid willh 
lap water (hallthc 
weight of trouind cm,~mulp. mid lic tmixtlirc 
squeezed agains clicseel)ih. 'the cotbl ill, w.sx all,,Qd h,%landII 
a scparalory funtcl oi 30 mi while i IlI yhiilc ic'e lo ilie mi 
face. After first fluoti . ,(iieiii ht. n1k wai,: uiit eiti . it,u) S 1),in

diaincd out. All ieverait were crsed it IV (
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Abstract
 

Cotoj~ut residue is the insoluble material left after water
 

oyr raction of ground coconut endosperm. Coconut residue made from
 

pared coconuts contains ca. 21% crude fiber on moisture and oil free
 

basis. The carbohydrates In the residue hydrolyze to give 74%
 

mannose, 21% dextrose and are 5% unidentified.
 

Dried residue readily absorbs and holds water. Rat feeding
 

studies indicate that coconut residue has no nutritive value. Con

sumption of residue contributes significantly to amount of feces.
 

The data suggest use of coconut residue as bulking agent or as a
 

source of dietary fiber.
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Introduction
 

Fresh, wet cocont meats can be cotrainuted and extracted with
 

water to give coconut milk and an insoluble, fibrous product which 

will here be called "coconut residue" after Rajasekharan (1964), 

and Dendy and Timains (1973). Other names used for the residue have 

been "coconut meal" (Velasco et al, 1972); and "coconut press-cake" 

by Cancel (1970). 

The residue presumably consists chiefly of cell walls. It has 

generally been viewed as a useless by-product because of its high 

fiber content, and in a recent economic analysis zero value wns
 

assigned to residue product (Hagenmaler et al, 1975). However,
 

recent concerns about the low fiber content of the Western diet
 

(Burkitt et al, 1974; Scala, 1974; Spiller and Amen, 1974) have
 

raised the possibility that coconut residue might be useful as 
a
 

source of dietary fiber. The purpose of 
the research was to evaluate
 

coconut fiber as a potential food product.
 

Samples of coconut residue made from coconuts that include the
 

dark seed coat (testa) have been prepared and the proximate analysis
 

reported by Rajasekharan (1964) and by Hagenmaier et al (1973), with
 

similar results. Vie oil content of dried residue is determined by
 

efficiency of oil extraction and is quite dependent on processing
 

conditions (Hagenmaier et al, 1972; Dendy and 'Ti.mmins, 1973).
 

Typical oil content of 24% was reported for residue prepared by triple
 

extraction of comminuted coconut with water (Hagenmaier et al, 1973). 
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The proximate analyses indicate that coconut residue, on moisture
 

Mukherjee
and oil free basis, is ca. 92% carbohydrate (by difference). 


and Rao (1962) and Rao et al (1961) have reported water-insoluble
 

mannan and galactomannan .rom ct .onuc, plus highly branched water

soluble galactomannan. Dendy and Timmins (1974) report that 50% of
 

coconut carbohydrates are cellulose, which would presumably be
 

Caray
concentrated in the residue (the water insoluble fraction). 


(1924) reports copra carbohydrate to contain 36% cellulose, 5.5%
 

Nozawa et al
galactose, 1.1% galactan, but no mannose nor mannans. 


(1969) reporced mannan in coconuts. Based on these reports the
 

carbohydrate composition of coconut is somewhat uncertain.
 

Materials and Methods
 

Residue yr.para'ion: Processing was approximately as described
 

by Hagenmaier et al (1973). Fresh, mature coconuts were manually
 

shelled, and the testa optionally pared off. The meats were com

minuted with a hammer mill and a disc attrition mill, and then
 

extracted in two steps: first with coconut water, then with tap
 

water. The mixtures were passed through a screw press (pulp press)
 

to separate wet residue (65% moisture) from coconut milk. The wet
 

residue was dried to ca. 7% moisture in a vibrating fluid bed
 

dryer. Dr/ residue was hexane extracted and ground to a flour.
 

With one exception, reported results are the average of at least
 

one Qbservation each on two independently prepared samples. The
 

exception was determination of nutritive value of fiber, for which
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only one sample was used. 

Water retention was measured after rehydrating dry residue In 

water at 50*C for 15 minutes, then cooling to room temperature. The 

mixture was placed in a centrifugal filter fitted with a cellulose 

ester membrane (Millipore, 511 pore size) , centrifuged 10 minutes at 

2,000 xg and the wet sample weighed. Water retention was determined 

from weight uptake, without correction for solubles. For compari

son purposes purified alpha cellulose (microcrystalline cellulose
 

from Applied Science Labs, Inc.) was used.
 

The biocaloric assay was performed by Wisconsin Alumni Research
 

Foundation by an FDA modification of the method of Rice et al (1957).
 

This method involves feeding young rats a high protein basal diet with
 

varying amounts of residue supplement, with ten rats per group. The
 

residue sample used for the nutritive evaluations did not have the
 

testa removed. After ten days on the diet the rats were weighed,
 

killed, gutted, and the parts weighed. In addition the feces were
 

collected for analysis during the last four days. The rats were
 

also checked for abnormalities, but none were found.
 

Analyses for moisture, nitrogen, crude fiber and ash were by
 

standard AOAC methods. Oil analyses used four hours extraction
 

with boiling petroleum ether. Mineral analysis were determined by
 

atomic absorption spectrometry, except for phosphorus, which was
 

determined from weight of phospho-molybdate complex.
 

Carbohydrates were determined by hydrolysis, derivatization
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and gas chromatography analysis. Defatted residue samples were
 

The

acid hydrolyzed as described by Easterwood anid Huff (1969). 


carbohydrate content (as dextrose equivalent) was determined by
 

analysis of reducing sugars of a sample of neutralized filtrate
 

freeze-
Neutralized filtrate was
(Triebold and Aurand, 1963). 


dried.
 

The trimethyl silyl derivatives were made from freeze-dried
 

(or dried sugar standards) and then analyzed by gas
filtrate 


described by Richardson et al (1971),
chromatography approximately as 


the column material was 3% SE-30 80/100 chromosorb W,
except that 


and temperature was programmed (140 0C for 2.5 minutes, followed by
 

increase of 40 /minute for 30 minutes). Peak areas and retention times
 

were measured and recorded with a Hewlett-Packard 3373B integrator

time of injection.
recorder. Zero retention time was taken as 


Residue was incubated with amylase to check for possible
 

presence of starch. Crude hog pancreas amylase (100 mg) was
 

100 ml buffer for one hour at 25*C.
incubated with 5 g sample in 


The buffer was 0.05 M phosphate buffer with 0.01 M NaCI at pH 6.9.
 

Substrate samples (starch or residue) were boiled and cooled to
 

gelatinize starch before incubation.
 

Results and Discussion
 

Coconut residue contains many dark particles unless the testa
 

is removed before grinding and extracting. Lightness (Hunter L
 

value) was 91 for white residue from pared coconuts, but only 66 for
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the residue from unpared nuts. The residue prepared from unpared
 

nuts is probably too dark for food uses.
 

The particle size of residue is of some importance in its food
 

applications. The dried residue as normally recovered from aqueous
 

processing has its particle size determined by degree of grinding of
 

the wet coconut meats before water extraction. This residue had a
 

gritty mouthfeel and only 30% passed through a No. 40 screen (0.42
 

mm holes). Further size reduction was indicated. 

However, preliminary trials indicated that further size reduc

tion of dried residue was difficult if oil content exceeded ca. 15%,
 

which it was after the two extraction steps employed (oil content
 

was ca. j2%).
 

Hexane extraction of residue for ca. 30 minutes at 45*C reduced
 

oil content to ca. 14%. The last remaining oil was difficult to
 

remove, even by hexane extraction, probably indicating that it is
 

enclosed in unbroken cell walls. Extracted residue (at 14% oil)
 

was successfully ground in a pin mill (12,000 rpm) to give a residue
 

flour. The hexane extraction step is considered important for two
 

reasons: it results in higher yield of coconut oil and it prepares
 

the residue for further size reduction necessary to remove gritty
 

mouthfeel. Some properties of residue flour from pared coconuts
 

are shown in Table 1, including typical oil and moisture contents.
 

The chemical compositions of residue, with and without testa,
 

are shown in Table 2. These data, on moisture and oil free basis,
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indicate that residue prepared from unpared coconuts (with testa)
 

contains more crude fiber and less protein.
 

A renrily apparent property of coconut residue is its sponge

like tendency to Lake up water, which would presumably he a property
 

of some importance to food systems. Preliminary experiments indicated
 

that water retention decreased with increasing centrifugal force,
 

but nearly leveled off at 2,000 g, which was therefore chosen. Water
 

retention values are shown in Table 3, with alpha cellulose samples
 

used for comparison. The data indicate that water retention of
 

residue on oil free basis is ca. 1.6 g water/g solids at oil content
 

of 7-36%. The alpha cellulose holds significantly less water.
 

The properties of coconut residue are determined by its composi

tion, which Table 2 data indicate is 80-90% carbohydrate. The
 

carbohydrate content of hydrolyzed residue was determined by gas
 

chromatography, with the typical chromatographic pattern being as
 

shown in Figure 1. All residue samples gave four major peaks, which
 

are designated A, B, C, D in Figure 1.
 

The retention times for the four major peaks are shown in
 

Table 4, together with retention times of standards. The reten

tion time of mannose was determined with mixed alpha and beta
 

anomers. The alpha and beta assignments were made on the basis
 

of published results (Holligan and Drew, 1971). The simi

larit-ies in retention times between standard and sample suggest
 

that the principal carbohydrates are mannose (peaks A and C)
 

and glucose (peaks B and D). Based on analyses of other
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standards (not shown) it was concluded that peaks A, B, C and D
 

could not be caused by ribose, xylose, arabinose, mannose or levulose.
 

The internal standard was chosen because its retention time did not
 

coincide with any detectable sample peaks.
 

The peak areas and retention times indicate that the carbohydrate
 

in hydrolyzed residue are ca. 74% mannose, 21% dextrose and 5%
 

unidentified, based on analysis of data from ten samples of white
 

residue. Similar results were obtained from analysis of carbohydrate
 

of residue containing the testa or seed coat.
 

The data suggest that the carbohydrate in coconut residue is
 

either gluco-mannan or a mixture of mannan and glucan (cellulose or
 

starch). Samples of residue were incubated with amylase. The
 

results, shown in Table 5j suggest that coconut residue contains no
 

starch. Rao (1969) has reported that incubation of residue with
 

cellulase causes up to 80% decomposition of fiber, which result does
 

not seem consistent with the small amount of glucose we found in the
 

coconut residue, unless the cellulase preparation used catalyzes
 

hydrolysis of mannose as well as cellulose.
 

Residue was analyzed for nutritive value by a biocaloric
 

availability study and also by fecal analysis. The residue sample
 

used was exhaustively extracted with hexane to reduce the oil
 

content to 2%, but was not subjected to further size reduction.
 

The biocaloric value is therefore minimally influenced by oil content.
 

The results, shown in Table 6, indicate that no total weight change
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can be attributed to coconut residue, although eviscerated weight
 

is significantly less (at 95% confidence) for 3 g daily of residue,
 

and cecum weight was significantly greater for all levels of
 

residue. 
The weight gains for groups with sucrose supplement are
 

shown to give an 
;ndication of sensitivity of the method.
 

The data in Table 7 indicate that supplementation of the diet
 

with residue caused 
a large increase in fecal excretion for the
 

same group of rats. The dependence of feces weight on residue in

take was linear with one gram residue intake resulting in 0.81
 

0.05 g of additional feces. 
 From the digestibility data it is
 

estimated that 47% of the coconut crude fiber is digested. 
However,
 

the energy obtained from digestion of the residue is about cancelled
 

out by the lowered digestibility of other nutrients, presumably
 

because they are soaked up by the residue and held in the digestive
 

tract. 
 Coconut residue may, therefore, be considered a low calorie
 

filler.
 

All nutritional data refer to residue made from unpared coconuts
 

(testa not removed). Different results may have been obtained from
 

pared coconuts (testa removed).
 

Other workers have reported nutritive evaluations of
 

diets high in coconut fib(:r eg, Rao, et al 
 (1965) examined
 

diet which included coconut meal instead of coconut residue.
 

They report increased fecal bulk and lower protein digestibility
 

for eleven year old boys, with coconut meal as 
the source of protein.
 

Fecal bulk for coarsely ground meal was considerably higher than
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for finely ground meal. More recent work (Lachance and Molina, 1974)
 

indicates that a diet with 4.85% crude fiber (all from coconut)
 

depressed the nutritional value of coconut protein in rat-feeding
 

tests.
 

The results in general point suggest that coconut fiber
 

decreases nutrient digestibility and increases amount of feces.
 

The increased feces bulk is presumably caused by undigested coconut
 

mannan. However, it should be pointed out that at least one type
 

of mannan is completely digestible by man (Inoue, 1947).
 

The data suggest that coconut residue might be incorporated
 

into food systems to irizrease dietary fiber or to act as a bulking
 

agent. Residue may also have uses as a bulking agent in uses other
 

than as a food product.
 

Specific food applications of coconut residue have been investt

gated, are promising, and will be reported separately.
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Table 1 -- Typical Properties of White Residue Flour (prepared from
 
pared coconuts).
 

Oil Content 14%
 

Moisture 5%
 

Bulk Density 0.16 g/cc
 

Amount passing through
 
No. 80 sieve 65%
 

Reflected Color (Hunter)
 

L 92
 

a -0.5
 

b +5
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Table 2 -- Composition of Residue (moisture free and oil free basis).
 

Made from Coconuts
 

With Without S.D. of 

Proximate Analyses Testa (%) Testa (%) Ave. (%)(a) 

Crude Fiber 30 22 3 

Crude Protein 5 8 0.6 

Ash 0.9 1.4 0.2 

Other
 

Carbohydrates (as dextrose) (b )  80 85 5
 

Potassium 
 0.5 0.5 0.07
 

Phosphorus 0.12 
 0.16 0.02
 

Sodium 
 0.1 0.1 0.03
 

Magnesium 0.07 0.08 0.01
 

Calcium 0.05 0.07 0.01
 

(a)Standard devition of the average result reported. 
 Crude fiber and
 
protein contents are based on averages of at least five samples.
 
Other results based on analysis of at least two samples.
 

(b)Carbohydrates were determined by analysis, and not by difference.
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Table 3 -- Water Retention by Coconut Residue in Centrifugal field of
 
2,000 xg.
 

Water Absorbed
 

Oil Content
 
(%, dry (g water g water
ga b
 

Sample basis)a (S solids) (g non-oil solids)
 

Residue with testa 34 
 1.1 1.6
 

Residue with testa 
 7 1.5 1.6
 

Residue without testa 36 1.0 1.5
 

Residue without testa 
 9 1.4 1.6
 

Alpha cellulose control 0 0.9 0.9
 

a)Each value is average of at least 
two observations.
 

b)Result calculated from first two columns. Honestly significant
 

difference is 0.4. Water absorption values were not corrected
 
for dissolved solids. Inlevendent experiments indicated that
 
the residue contained 10 -3% soluble solids.
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Table 4 -- Relative Retention Times for Major Peaks from Gas 
Chromatography of Carbohydrates. 

Relative (a) 

Standard Retention Time 

a - Mannose 2.74 

a - Glucose 3.18 

0 - Mannose 3.29 

8 - Glucose 3.80 

Residue Sample
 

Peak A 2.73
 

B 3.17
 

C 3.28
 

D 3.78
 

a)The largest peak of the internal standard was assigned value of 1,
 

Reported result is average of four values, and standard deviation
 
of average is 0.01.
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Table 5 -- Digestion of Residue with Amylase.
 

% Reducing Sugars (as dextrose)
 

after Incubation 

With Amylase Wirhout 

Added Amylase 

Residue (unpared) 0.2% 0.5% 

Residue (pared) 0.0% 0.3% 

Starch 35% 0.2% 
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Table 6--Incremental a Final Weight Gains for Rats. 

Incremental final Incremental 
Daily diet Incremental final eviscerated cecum 
supplement weight gainb( _ weight gain 1g) weight gain 1) 

I g residuee 4. 4 b +L. 9 c 0.61 

2 g residue 1.8 -1.6 0.73 

3 g residue -1.3 -5.4 1.16 

1g sucrose 11.9 +8.5 0.15 

2 g sucrose 22.1 +16.0 0.41 

3 g sucrose 25.7 +20.4 0. 35 

a"Incremental" final weight here means ten day rat weight, for ba.nl diet Plus 
supplement minus ten day weight for basal diet. Average initial w.vight (1i raits 
was 54.1 g for all diets. Final weights for rats on basal diet were 69.6 g 
total, 52.8 g eviscerated, and 1.19 g for cecun. 

b +
95% confidence interval is value - 4. 6 g 

C +95% confidence interval is value - 4. 5 g 

d9 5% confidence interval is value - 0. 44 g 

eThe residue sample used for the nutritional evaluation (Table 3 dat,
 

also) was made from unpared coconuts. This residue sample had the
 
following analysis: 3% moisture, 2% fat, 1.0% nitrogen anid 23%
 
crude fiber.
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Table 7 -Di2estibility and Fecal Data (Based on last four days). 

Digestibility (%) Fecal wt. Feces 
Diet supplement Protein Fat Ash Fiber g/day Moisture (% 

none 97 96 76 7 0.26 10 

I g residue 88 95 68 42 1.03 II 

2 g residue 83 88 58 42 1.85 12 

3 g resilue 77 88 50 49 2.70 18 

1 g sucrose 98 96 82 19 0.21 9 

2 g sac roue 97 94 85 7 0.23 9 

3 g sucrose 97 95 86 11 0.22 9 

No statistical data. Each value is based on one measurement on pooled sample. 
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Caption for Figure
 

Figure 1 - Chromatographic patterns for residue and mixture of standards. 
The internal standard is the trimethylsilyl derivative of
 
2-Deoxy-D-Ribose. The residue sample was prepared from
 
pared coconuts. 
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Ifoitulir I). IIAGI MAIEft, CAIII. M CATER, KAIII. F. MATTIL, Food in'.in 
Rt:e,..n h did Dviiuhp..i.ent Center, T xs A&M Uivewily, CoIlege Station. 'lexjs 77843 

ABSTIIACT Staulsli'. (i) 

o,t IllaI inslilved Ilanl t st was i.'ld ulin .fi
A I':ruf,',) hEstt h4'en ,I,'vr,. c AlLi',', "t* ,s itLtihiil 

p p roa LIh ,iji l hi Il Ii lia l,. u ' )' \'t i;nv e l Ill .. ( '1 l,it~ivt' el l ,i % p l -' '. t i)Ia in ed et . 
, l l it t.1 l L.I !hkA ~tdelI h i ruc f .jit p t*'' - s 

111II allnlt'l pi.I1. 1K. +, .11 it%, L.|,I0+ i InlI Il~ llk l ilt , l fee 111'l l . ',.0,,1III II II '. "lhlI I~l (W. II-ii'.t.'ll 1 14 'i l li j- % C C 1 11 . 1.d (tll )let tlll- . Illy.1 ua . 

,-intl tIlic'i twiitnllt I ol.tt t 'l" .f1AOFt lli.ESTAli ll CA %tii L'l1h.i l r(i? (dif it'd 11i1t iltl, l ' . I.' '.-lt i n tl SinL".jitltliI ofi liii Nt1'Sl 1ti1lit'1(aIl '.11 dcl ntuimlgne * i
I i .llv (111%Il ltI )letlUrl Im~lh'rn a%' iLlve cii ld fly I (.Jm '+ ~ n

(/11. S 

recolmllltnded't l'(if (a %-f-llh ;i 'itilltc Ilic i",lllu l I ,l, ,, 
INTIHODUCTION b~y Ic +nll - a fell fil t . I tiltton ,lail nt'l 111o ..11 Owl 11' l , 

MaTndrus I1%kill) wil 
it ittll)( I ' 110 ll ti l' lll [i)llon ml t. ,lJ ill hI1, I, i- l t .Il' hc ti ll h hl. t tr d ', c l t " , I t I ti 

-. 

1111) . fl ilt- laI t~ k clI t lr p al l v, r , l ' flet h rill IIIi lfliet k iilnl l %1.l11l 111111.:.(1 f,lai. ccd ( ), h tc'; retilill h4, lthe l1'%I ill tcflmv. ill l r.", . 

a ll i .l I t %% 1l,3,, I %.l uj ".tl i tll 'I l l '1f .1 I ' it.l i it'ull i ip *D L . ftGl', l h , ' C O C O N, SKI M M it K . l fI Ji 
lht*l), t'll111ll*.'t I.. III l ,,\nfe lt 1 :1.11 ,1%: feel l'\t'Iit llal %. I of

+l li l11O WL , vinld r~ pI)Iri o ,%., ' lillli I 'lll ill%-' I ,+ ,, n .i,
W<lllllt'It l.lll. , it! t,ll lh" (f ltI, t+h <v' l I it- kII"1,1I lowv palll {,It-i ., dvt", lled hb .%II.lll, 1'jDv X.1.l'llilhl'llI.t. .v III I ". Ill, tit Ip~l1 I,,tti.ml , %I l.,+1(l .'. . II I+,')I) tltIlt~h-Itll Iit It%, %%,lt'~I 

l'.t k' t'd,,' IIISliit' l IIIL' 1%h',Ill -li t' 11 11ll. I ii t.'i'llt.i\ltly C U S M KdI'".tsAll t' .i~l ,l" 1L+0+.1111,11111 I .. n l I,' I, II1 lsC,,~ . The IL'IIItI (Ill Inv~t*llet*Itl i fI$ L' h, [i t.'t"IIl+ 

I~ , l,. 'llit I I I'I. l II . I n ln I. .
 diftlnt aw'.il(III I) 


$+./ll .'iIII%%lm m <t " lh 
, ~ll": pr,,tefns, adc', !.)It 


SLll I.J 1(Ie,111 1 l i T e IIi I,) Iht-' tI 41F 11-l'L t of,''. I. I %- L.n , l f~
~~~~Ir 

(.41-4111'.l f ! I,,+ tIlil,;I , .k,Ittt1,1 lr~ l l .111 ).r lill r n,* ll "cd ll th t I, ll." ,, O. + , ''lfl. . 

cit';IllIll!' 'I ht, It'-,lllt11I civa.ill ,hl .i t , I f1111'ilci o 'I%"- DESCRIPTION OF PLANT 
o till. tiI ;l tll lv I~'w l l.l, ,. :1 pfri c ,~ I 'IIIh liftltlll %illi .,l ,I'lli 

(lt ,~ '%O~l I al ItC( I .I sv", on.' %.cll|' hltIt, l fill willt' F \11,'.t . h h+ l l ill ll} tll ~flat 251+,)h, 

+ , ,I l l o: ' I I I I w mtl+u ld [ , - t" oi l iil l l l s./ t| l ) lilt c d, i h t t irt ha t jIt' w % vt ll l ' ' l h l l o I I o t l projecl. In ' o f de. lht n ,k t( I io itt l v s v "l . ' .1~t . 1 f l IllfsJ, ffiv 
S I I k l .m 1~ I l i l i l t -i f v .i l l ( I l l . , l il t , l' l , , h 'i l l t t ' w .1 , . Illh t ; l e glJ, c l nI ,Il € . w l l l n y ' t: hl . l i t i f l ,| , , . w v ' 
vJ llu'd ;it sll. ).Qj , al3.. ( I ) alld t-Il il IlI(rt" Il lit (1 1.1 tJ lht"Hiv 11h,,1, 

A(tit' '- l*l % mj if .k'iw wtml . il ('t,ll|' ',-.I I% n .inllt'l+ily (llIIIt0l1h 'hi°1]
 

h " 
Illlt Il.1 III l.t , 'Ah',; illII I ll~h , I.% )lW, It ~ . ++l+
 
.11I, l il~ l l I I I- ilq ll.v tlt., t t+i )IIhl lII,,C l l Cv,' ff 
 ES T IM A TIO N O F F IX E D C A PI T A L
 

M1]L'Vt'LI 
 .1 111l|' \ %tI lII'.lltll I111,'tt fIll' .1 hn111t t+' 11t(lll Ilvtin ilhi.1:11 I 't altlCI.,lllltlll %,11111 1'11,+'11C'Li..I ' i . t ' i ie 1.1'' ' h f\ ' .;p l l l ,t l ll'l h ! th p h l \I l ,II .I - I
 
1,1111W' .11 1111111iml' l . 11.11t . \ It l1111111t 11l ll.l t il't%h s IV SI .010.000~l %%llhwillkl.l rl v'.til.11 Ii S.W.(oI i tii I i..
%i, Xfhhh k 
.11110 11-1 ll'1 l l kl t ' I lilt Ik'.' , :111! lL '', . ';t)lll I , \ ) (ldt'
 
a n d] d'h c l l I .\ \ t i l l d I , t I 1 1 1 , h . v , . 1 1 ) b\ pl w, l kt Itc s - CO C O N U T S 
 10D E HUS K E D )

] ti l .11141 pfl+It-lill %%kitlYt IlL. IIIp++'\ t iI lilt-P
I lq t~l . . ..
faclit y '1411., 1 11t cr 11h.11 dI lvd. I:. .,,' ,.n ',+lJ olt ()SHE'LLS- -r IIEIAo [ Si trLLS ]--COCONUT W.4T 1rA 
ndti llUl vll, fh v t eIii'i,i nt thl I r.lel addedl l tl v I . . .. 

at el(I.11 .11 rjt,., t ilt- 1C, ,il I,~ tiI-I C 1.lh orn¢ a,+ MEAfTS _ J
 
It, II,. c'+m dneh'n' .1 hlw lik %vo'1 
 t1lt.+. S ]I l 11% w uhll w ht1t ¢1 ... [ ... .0"I
 
for funel, l,%.wtol.n. l,, u l tit- ilnni'il mid1 Iallq, d1][ [A R
 

|1c\111Ct'\ lJ,+l,,n. [MIX. PRES51HEAT. 

METIIODS u W 'T 

votl ll '1 h 111I . lit1 %%IIIII %,I"vll I I I,,;", % , 14.1l1] il .. 1 .... .
 
ranid 1,17.1 u cs l. 111 [N -INSOLUBILE Pr~o11rEhlWET)|
I1, Ilntl',nnh lt.11,11 l,11l1h,h1]i cnl:AM- I~'G -

Ill~~~ ~~ ~ til t /p.Ij I11. ..... 

l ,,, ! fili.. I ,,slsci Il l l hi hll,,c iTD'IIIO O-I;L,^A' TAtL,- -cIcoNut SKIM MIt K 

11.1,,de ti l hlllo: ll1 hl l ,, llII1e , 11il ,11111 . \'e1dJl --.-11 .1l t+l I1:¢14.1 ".". I 
_alwl . 11| tilo ,S.n~ \Illlic *Ill,|lh., lll ,i. I|iti ).I|.,i|]- [E 
CENTIIIUG 

_ 1 F.Pc u ;O A [ 

r.vf+,ih rd I Il'il,qintm"rt'v. tlf liv,,h %,tictinuls.,flhl +Lu C.'t i l. COCONUT SKIM MlI. K C(ONU(II+ITI:Atf 

ll welt. li ld] Iby Uteh.d ('11C.'IIIIIl .\%,;, ,Lot ll (fIIrlilt-T01
 
l~hihl~lqnct tt(' l'}x ln iHt 4l.1.1 11 llll l, I. 


', 
. ,i'lt1 .IIIJ, ll ('t tl++ IG. I flow iln.,yrvili lil liflovleill l: l 

http:v'.til.11
http:KdI'".ts


-87- Appendix K, Pnigc 2 
JOURINAL.0I* rill ASu ICAN OIL irn ssour 'I5 

'rAIIII in 

_________ iteagj Pe'r ) C.11 I'r d..1'A Per hrh 

C-'ciomils (soviid %%ifltoii halk) 62.11O0 250 12 S 
(Olpr3 .'q..uo .3III (at3 sli - uooilurc) 14.900 S9.7 3 0 

Interumwdsil g--iirojul (%%Iuiidried) 

;i-1- 1.600 62.5 . 
COCC!!1ui wVjlir 19I.400 77.3 3.9 
.%I 21,500 110 5.5".116 
1.1,1k 37.000 152 7.6 
C(r'1m1 fhaw. (.1i 611. till) 13.500 S4 2 7 
('11C~.1111%kilit milk (N-.f.,re C.Jpt.ii'li) 211.200 1t 3 5.6 

I itaiI pioducis 

o.ilIt I'llI t " 1.%City) (tity) 8,700 J4.8 1.14 
LtI's.11o111Ikoim 111ik. as 'r..drci'd (.10", iii16us.r.')" 3.1130 1 %.7 0.79 

Dry %%[ 2.150 0.1511.si1 11.0 
Heo~dkic i% g'r-idiisd (68", ioistur) b1.1030 .19 1.8 

1r). %%I 2.6'J0 0.54h,.I~is 10.7 
jim,,iit'Ii 1,i'vi'n i% Iiitodtr('iI invilo.1iur) 523 3.1 0.23 

Ii4) %%1bsi 3S6 1.4 0.071 

17s'j501 1oiii i a .3 oI iu~ ss%'ropiirthass %%ill%Iugiks. they 5%imild 

I"'lisssmi.*s-i %ce,'*at'r iv-,i. sshicloo Isprs~of ssi a,( meials. 

iseli'i%'i tiipin r.l - thu ussjs s,.%%lilt msiir IllihC.14:1.ii11.ssoiiai toi slids
~arcilliigii all , %ui ciisim 21- is 6.25) 3%i Ill., kgim ilk.. Moocih gIraiii (N son a 

TAIII E~ If 

lvslooaiii-11 .)f Iqlji'iiid~ Cost And iigy Rs'.gualicciilill 

I'riil*'511 p5osl(S Ii~ ) (L~Ig lit:) (mi n/a 

Cicaniui . af fiicals :1111lt(Cfu.xlI wjIC13 
311,000 11 003 

(;riiiri of 111C.11 311,000 12is0 
I lviligni: .ani mi g prior I,) ,rcsini 36.000 16 0.5 
(*uilliter-giireit pore'sii 1 too wssi:is tsiiduc frnm miulk ; S'000 90 0 
l',lrjaiiiin, p'isictiriuiii ir milka 32,000 4 0.2 
Centirifillg 46,000 20 0 
lireak Ct'sssoilss andl sCpairai oil 53,000 20 0.1 
C14riry aisid dry oil 29,000 9 0.1 
F5aiii'f.1L' aqi~irimi 1111.1%'Ill I'vs'-5011.1 94,000 24 1.8 
Lvalg'ir~sle ai~iictmj ph~awi is) 7n%~ solids misd p~ao.r~- 30,000 12 0.2 
Ily-JIMIModss dry ing ands~pIm.kagsssgb 0 0 0 
I un Itl isI~s ul.1KL'o 30,000 0 0 
I,111111 m 31,000 12 0%.111i ncyoirs 
tloil1cr 20,000 1 0 
Enissty rolsare.d fur %c',iililsuji. Iighaliuig rid conyciring .. 95 0 

*ri~5 .38.000 440 3.2 

31I'riceis inlclusde aiipruipit il Iildiuig lisks. 
Il ftr ilihisrysrir fof .iL ssi jsiIsled 335,000. kw, 2.0 ins toni/hr.10 iill' packaginsc, acsir are 20 For drumn 

dr) i: ansd Isackarinr sIIitoioluhke pi-islin, vzlous are S 39.000). 12 kwv. 0.2 in Inns/hir. 

hiscs for these vsti iuits arc det ailed il I'aleiL 11 andI 1l1. wilorre or jl~lii &di.1ill) pcsos liuu] been convertled to U.S. 
dollars by Ilife ci sflvvroimnr SI .()) V,.70, where (01 31and 

ESTIMATION OF CASH FLOW FOR 1974 OPERATIONS 1.5 rerr itt 95': coiifideficc *pleilos, and 2.14.5 andI 
I136.0 ICpre.'fit VLti~'~i~ idi Li ipral pricc%, respvc-CIMI oil 

TheL Casli flow is tive il ill *I'ahIle IV. ()f criticleI irnpor* tively.
taice to (i e call flow ire prices liiI for commius anid Accorcoingto1 iilislicil ala ff3511 II( Al3, Ilic price
finished products, ansItthese I icus nuow will tic discivoied( in paid foir freiih ecotiits. exciie Ill hlulrslhing' and tfimpor
sfllie detail. taitisml eltarj's'. eqlual'. 22"' Ofi[~lie SI-iiiil.s diietc p1cc of 

A~ve'rage mionithily slinetic pfict'% fir cititde clillut Oil Copf~i it m", 1iiIINIf~l. 'Ilie prfice of lI'l1 (titiis excluie 
and clprai it H"" ii(isilre mte 111Uii1liii by (i' l' (C), andt of flli:rsanig .i11d fftfnhrtatifiln will, Iicetirll, he refelred 
file prices fromi Jbiairy I907'IDekksaiier 1973 weic .111.1 it a%,"farm"i pricu [fifl freshl cukontl. Fromii stuhbsfglsuiori 
Iyictl by Iinevr icl'rc%%ioni. 'Itic cispi .imiud Oil Ijuices%11-111.1 1ilti Culioin : 
cotrrelationi coeflicieti 1)( 0.995, %%-it a rcgrt'ssioni ctliiititti 
of: fI.ariii iork fit ClI3C1ilI1i (S/i4111) 

iu ~0.1 33 (1'rildsel ori ~ 1Jilll5~*299 

('rtille' lii i 1ii4 11 1)11 Ii6 0 1 1, . 'Too Calcula te Cilfiit Cprices. it is Ile'xt iiecessit y t0 

1 
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)ANUAIIY, 1973 IlAGI 1,161II.3( I I Al.. AQ11I OtIS PRtOCIS~SlNG OF COCCINIIS 

MAILL~ III 

Eslimaltio cif Total Capital Oullay 

C~mt'ltalCost (5 PIerr.'nt uf total 

I sotsd c4311131 (I (U) 

3.uipolirei' (I ii 53.0128.. 111 m) 
0%%lwai, %Ilim .1 f rIii.piiltl .1 i 500)ir "' of 1.) 
ln11imiI m1,i.1 2oA' Ji 1 )' 6fit,I 0.000 
lluildiiis,(*ii * .1,1d l.11ud 340.000 18 

I q~u ui- -ii I i. iIrI 
K.1, ni( ii,.Il%(111 iir11 ) 11110.000) 9ml ,ircIMIC1 
3*.'.,l 72,000 4 

N11111%200.000 10 
Ilo I 10,000 6 

I n Ii. ml- 1 80.000 9 
NIms,, II jtr..1 1~2,0(m0 4 

1 italI3C 1,9 10,000) 300 
111,11;.m1tl (WC) 

Raiw fimuasit.1. d. paii. l (r~;~I(mimul 200.01)0 
Lal .11i(l ilillit, a- ..mmit, ijbtIv (12 .t.eko) 
lvCmul,1) (I 1murilrh *.iu!ijiIw,*~ 7 im. ,- uuuju 

I smiu..lutil lit Noth, I -in. Ii 11mmutt vttI jtI,' (3I I m 1il) 

20,001) 
190,0003m1!2±!25o 

I total WC 800.00o 

Imiji capiltal iit-ic.iitim I C WC $V2,7310,000 

8Scm f cf. IQ. 

T'AilI F IV 

Optumuingr I %pimoammiI'.rsim ( 1974 Oiarlimu) 

lemt I 
ShIlmilaj. (.100) 150,000 

Olliri opelt Iisif (910) 52,(00 
%;ptihmr* (25) 29.000 
lRepair (hI) 6,000 

Admstimlitrmlmim (II)1 35,000 

rmid (';;ie (5)clww 35,000 

(.rsit-ra (dfi%.-r%, wautldmiumm) (30) 7,00n 

Suhlohal .129,000 

(Cmtouixut t62 .0r 5 .si 2.205,000.a1sIm 
Ir~iispocritimi *i( tm.iiliI t IL1'r It 221,000 
l'ack,smju, ($(3.02/1-1: foir skim mill, timientrrJII) 78.000 

NIiiruiic ~mlim,%I 2"Tti fmlud u 3R.000&.1 1131) 
F'ueIl . Oh/imtr. 0. I% tliil eltim~.mncy) R2,000 
1l.Irctni( it) (0.0l 17/1,%oom) 42,000 
lolhccla icmlt 50,000) 

Sublotal 2.716.000 

Insumancc and linumgwt) y if fixed capital) 57.000(3gv%05. 

1 Dial ol-craltims; Clipenscoi 3.1 02,000 

Recvenue 

Oil (N.700 tons at 5271.3) 2.393.000 
Cocollmut ski- milk (2,750 it-its dwit at 1500) I .375.Oou 

T4 itl feilut 3.76H.000 

mmist~mlmeJ S700 %killed. St0o hormia,, 
54000n rt, mi it.v i sai , .,iii sosoo flitmi~tr 

umig -tivur hii letl t.111, at of 

S500 fist l.mmmr. 1wi 01--rli 

mm dio mc i% 31 Icoil 
S0.093.gii John 575/um miml~mg umil%.Smim i 

L'hoio ai va3lue fis I974 1mid(1L ill li I t%. Iti-gresstii Ii 1lysio .Ixsis (1i1ty ). Wili t (1.53dal from CAPiL I(6). lTe regIi lss.i'31 

1116-1411)73. 1-%piirl l'tivc% weLrv utidl it tis %'.i%t. lit1. 111111ii'oil l ime (S11i1 1611) (ILoll 0 I12.4) 
Prime ill 1.S dlil;Iis (1dcittucslic p~ tce wv!L PtlIiliN~td Ill (Ilmv - I1969.0) 1 (267.9 13 .5.7)111 
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JOURNAL or TI IS(XAN! FRI. ANN- I .ClIIV S(x'i 'IY vol.. 52oS 

TAIILE V 
Scniilily Analvisii r It3oRle'tif'.leufn 

AMsumplitin toified Viluvt chosen Italet-f return 

I'Ianl capacity (dchuskcd cilconuls. 	 100 I0.5 
n lutn/day) 2503 19.7 

400 21.9 
I'rltc of Cnconut skil milk solids 0./0 40.0 

(S/kx) 
 O.SO 19.7
 
O.AS 4.4

Quanlity of Oil ptduced (efficiency 100% 28.4 
(itrecovery) 91%4 19.7 

Project life (ycars) $ I.S 
10 19.7 
IS 22.0 

Price oafcrude coconut all Soo 24.3
(S/M Ion) 27S.7 19.7 

200 18.1 
QuItliy 0otroad iaalwark (willh ve3ge Idheal(IIkni) 2.,8

diii-ance .o
uccimi.thuled) 	 Mtoediim (32 ktil)a 19.7 
Puoor (51 kin) I S.S 

Ixled capifal (II.S.,$) 1.610,000 24.2 
1.910.000 29.7 
2.210.000 1S.S 

Da)$/yCar plan[ tiperated 300 2S.7 
ISO& 19.7 
200 2.3.7 

Infhliun N)iicn (22.I )b 
As tewriltt'l in lext (24.6) 

aValuc for .samumcd I,;arionegr lma!-. iatedin Tahl's II. lit. IV. intL VI. 
hIhe ninti illIalarehii i, Ial1ll s t jl ,d 31it41 ciatillted reltir n sit i alvetolliteli,

rallt'hr lhan raIe.&tteUir. 

TABLE VI acidl Iohw IIT.-icctittlirg to I1969 lritling titles .1s lled by
Sample C.ai ll €otIore.Incti' 1.ix iofrlelurn (I I). lhe' a.lcilleldI4alt 	 Wotodroof lIelitiiii is I ,8',of selling 

pliox. nI lte Plhilipplitc Ilict, is "ililltilax" pro. for 
Item~ 
 Arniutint dtolloi tf Lottiliilll ail cil. I lt 2', tilIh-e .tlel' otfIte 

-- rl- -h.-u------  pro.alu.l. Ilhcrelore. tIle till ncoilli %%ill lie;

Ailocani palnout
 

n

Olaertliig orit iis.es (front rable IV) $3,. O 0n0 flit in C ($/l ll) I ii HS %0.9N s a .ad Iaiitr 
Deltr'ct.itiooi (i% sikin fund, 20 yeirs) S 132.1100 i*.91i it tSLtiar.i imac liVI 

Suholal 3,334.000 For crude oil price of S 5.7/tol, Ihe (iil ii,''llnic waUltl 
incolli 
 therefore, he S275.1/toin, which is hl %i.e ie n Tlihble 

(from Table IV) S3.76.000 IV.
Net relurn 	 S534,00 next othe iilp<rlani is ilrkcl ria;e of c~nl 
Ialc freturnI. I7A. skim milk soalils, whichlimije ct')lilliOilni ,inalprtperllLsan 

.. lteine i I('.Il wis I aolf11 it' . icndvieyt' (if ntrifal ll33klvreturn -.' toim capitli.,t $534,000- 2.701 000 . udi. 'li nite-1974 nirk'tl Iices firii an-.,I dry milk 
will cheese whey solils. %'re SIl.3,/kg, and ).26/kg,where: "liitl"iliicatls t.li (e.g. inid-197-l is 197.15) amnd resp'ctively ((car hulk llianlili. s, free oil i.nl factory,where 267.9 gjvcs lite averagle oil price. Ihclow eorrelation U.S. price ). Misel d iptnI cew rldisivatiois', Ie nltiiarketctiefficient taf (.0') inticles 2halt illI )ice% arc ilulle Of tihprice e. Lcliul %kilnliil1%solid w.s ai i'il 	 hc value 

ildeplcitI~iit (if tlitle,and. therefitre, the high oil prices iOf of S0.50/1g,. 
to ay dlo t e aiidt o t eco clusi n Owl p cC alcu lation o f R ate of R e turn 
high in ile fu ture. SIardartl deviati2on2 ;tin till I le repression
line %%;I%$49/ton. The rate of return was c.1Iculitetl accoilingt to lhe

11i mid-t)74 price used for crude Cicolnul oil wais procelrdure utilhnId in Tab' VI, .itl was found 14hlie 19.7% 
calculated from eli.llion Ill I) le 	 .275.; ',il ton, which is (preilctin lax).cnsitlerably lohwer Ihan lie acl;il market p ice ple illng 'To eXpi.s Ihe reulls il teris r til fltienusetdin midl- 1974. I liescnmi'.ily analysis in Taile inlit..tt.-i ,,0 flow (uerial rate a! rttiurV ,at.-. h pattern
that [lie pre.iihlu! oil price would laJve ,1hliher esliniile of liall'lll), lhe ritaliilo inve'stmncit (hill.hiiit I.ix ) was 'orelurnl Ihan thait estliiated froi tihe calciililctl mid-197.1 cil calculalted and 2.] lieIIImiid to) he 'I',.'XIh.ati titin fit (lie
price. difference Icii'l sct'ii 	 Ie l'illsll Ilial (lt, haleIh two is 	 ii ofThe price paid in iid-lt)7.1 for fresh ct ciuls Was le.t return .ilh Itr'.:, w.'. i sinking1c, inrest ;i'.-riill', Ilic
calc cilby lail,ii lund i mil, ' reiii i,l i',Ctilil'a ,.ri Illiw no 

l illicin II to l e S14. which is Ilic ftr i!t'picau.iiil
vali¢ uiel in T'alee IV. tseparate fui, , ;isitle l.''%-Ceael for I!,. i.iclln.
 

"rhe income f titil il iexl in i ;il r l.i ,ilto .litl..e oSill
le 
prices. The oil floillaillie .ioh mem In Sensitivity Analysis,,iihlIli found 
Ct;in airlyLca. 0J.2,4, lice I liv(in f;lly .ild, price preliii it is ctirisialcral inportalit lto kitirw Ilie€'ff,'t l ponfor oil is assmediiiIti lie t e saiiie as f ilt ir;i, t'iiii ilii caf rsliuill cau ,til by v;ii i.lllli inIhe .iiiinla iai., uitI in Ihe0.5"?) for each 1]cif free fally acid hllhow . dthwii Ill Uiht.I t";'illiil¢ta id.i'ilic 	 .ire1h)i ,hih .i,..,aiiil)Iiatlis IImust1% free fatly acid, lphis 0.15,. for lch I '.; tffree lilV crilitail. 'lhe elet Utlon letlimn (iavaiillii iii cerlaiil 

http:inlit..tt
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For ;110:1iYI o I f it Icill 11I.IiiI (.111.Itilic, it watl .i' 11.1iii such milfnr nI I.tti If prmoduct lCa~~i.him,iled ftmg

1111.1fIAVId 1L.11. I .il 1 i nltl ttl 1 11'tttIArCI PrrtporIl!..zi~it %hlftify lfing, I i iit w.tlild c t m~Ix: miti ectmminn al Ili 
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and filltrv I hkof t%. I ittltitr,1rilml III *II.I. Ity. I It. ;Ivsciayi. Ionhtd y pl,-% 

dil~I t'iiutrmI .i I moicil f lI Ittijinity t.1toil cik iie L'. Fore (lit Jlzl iq't tiienvaiim it 'uluI% VV pit 

1- li.1 ' l ilt /3~1, .11ij i I 1 i 't %ilwIo~ Iiti'tfir i0/ l.)~ . al'it.1 11. itiall L%/>t"lct
4' %if I i ll ( 91ih~t I i t Iy.' oI illc ft.(I ; i, C111114 i ll ra c (fI-III I~ e , ul IliSw~c o lkII IIIi4 ) "411. 

I*lt tI i '1' I litIl I iif tifitl l. 111di )1dhl f11tiii 0.t11 2.11IC M , IrtIli- lit.1H.. I I .11111( ' NIlh V.tili-idI .lg'ithlIV 11 1 
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Coconut Flour: Technology and Cost of Manufacture 
R.D. HAGF.NMAIEiA, P.H. OUINI 110, ard S.P. CLARK, Food Pruvin Fiv".c,,ieh and D'v,,hImviuit C,',,t,'r. 
Texas A & IIIUtiivvisity, Collegy Stiton. T'xas 77843 

ABSTRACT 


Processing optratI itmns ire lclcrilwtil for iroJut i 

of oil and A' omiOl flour troiliiresh .coonuts I 


-'Ii 

edrying pljnt, and then 'prlcii.xl'd. 1ti'ed, .nd he\-
ihe extracted Il I central fatilily. Wh:tc ocwoit 
floutr that is produced tontI:ins; 2i'- provinl d A 

nults first are itl into ,vhl ht ' . l 1,7A.-011111% ill 

0.5 .oil. lIi' .eLLm'L1.111VTh," pro, o'. wVould b 1 ft'.,,,ill. 

(I IIt : Sr rr 
i nllIia' ton a. ed . 

in the |IIilipi iit's if .1 ccl rFI ,11 of Slatkhn 

w Lr iiim 

INTRODUCTION 

Coconut flout is the tilml' coiiiiii)iiiiy tiithle,illilhed 

food. rad, prodii.1 riade from t -eiooiii! L' olplimI byoll 
d rying to .make ';it O ntt, ,IIL'v.i', iy remI d c'{sic d c i f .i Ii f 
oil by pressing .nil/or solvent cxIt.icllot 1-1 I:i . liut 

al. 'ht i'.11 1ii I() Iv file Aicm COL01iiiitl i 1%'st l i 1 I 1% i0u11 
bcnch scale pirClpr.mio i.d scriub d Ihy( i.iidi,, et if (1) . 
In1I 3i11y c.asc!, il.l'IWIt'i\v'l 'eed of "it, I s vi I t (-(o iS 

giVc WhileCiC(J¢ lit',il i "'wl, i is di iI'Lii 11.IOIC' the 
The compositionu of oc mil livil, v. witlcllli ''hltlk" 


brown . coat I i. h ecii cll Sa tIed or ,i ic i Ill, '.,..n, 
al., (2) to he 25." ptitcui (Nilror.e x (,.25). 7.7'.iLmit. 

fiber, anlld1.7' ash. iitnmt1,e mdt loi ,as ,iceil,aiml ivc.iig. 
values for 3 pri ;iftatl)ui. 

Coc utiufloor As 1oo10d ntitiel Il." ih" lit)v Jld CiOl31n 
known sLlstncs .ittO)iC I v. (iiil'L'. jrvllit lc ln, it) otther 

oilseeds. Miranda. ct aI., 13) tv'itei d 'tollvtL' icIi11,i,,.ly 

proteilh efficirm'y ratio (P ami( lt tL'lot.1h i lvii i,'e!. 

true dit ',tihlity (]1), amid met proteii. wI ,,'.ition (NI't) 
va lue%,.I. ,lr o i.onltilflotm %%ithlout tvs.i~ th:' A.ilull,, ti III k , 

Ni %'..T 5' 
the 2 samiples %crL'pr'pardc from illvi t 

TD), imd V.,rc' 2. ,.1, .illl li'.J'iIliL.'R . Ii.t], 
colnlitill 

by (liff{'ieit imitho(d. Isiti twoilh iii lu . (41) replort -1 ) 
of 78 and NIT' cif .16 lot iin' ail kiont-iii, t'l.i AlihLi w.as 
pre llald with inaxiliitiII iItokC'simljI. t'llp ltltire it .10( . 
Ilowevei. liey ICpoi itld hlower nutritit"i c vithiiI[ ;iiiitib' ol 
mealceat dt '0( a1)mo IZi, I iAril IgtnrAtI)o or vc. , l , r "11) 

of 83 ;nd liilol-icil ¥alt"e of 7(0 sith liuiiii iiet (cll 
dren) with cucoi it meal i imilllinii ¢ 1i. 

Fool prepla atl(it .i iitiiiin; 11110 eilI A.ii.-(llill loo been 
' 
dcvclopldl by Ili"'Nait i.il Imillitut cii tS. ili " ;iui i 'a li-

nology (Mianli). 'illiese I iitidt include iitiiclli'i | t'.l.I, 
wcaninl: foods, and sonic Ilite rc .ijl' ((0).1l1 ;aditiol. 
coconut flour tllas i.i'd at ' 'iiii i1i11'1?ut'been Ilit3.-5 , 
prcl aration of the NiitiliUli,i lilild-ll ik lrottiit 7) 

The produclion of iocon it flo i iilhie c''lasa .iiomlof lii-
live to copra ianu icuime, w l h icsill in a ploilil,1 

1cfl'iled Ic cl lii 11o5lyC.I 0 5'.1oll (' coitl filu t , ith 

15 2"0" bC tl14. .1%. .1%III, 


iln the lIitclature (3). iWo,. ii011 i .. ,wh'tI;.ah' IWpt
 
15,,,; illhis %tiit'lli ll1'S ii IL li'i 1 I.,l I 

Ill tlI%, % 

son . it I % beto 'v.ipi.llI.IIt t Ih.i I oht t,t si1 ci V1-mk h
 

1201 oil would ,,,tc h's% mmi, ,
i,,v vl%.h.t I. .l ft'iii.l. 

METHODS AND MAI LHIALS 
Most of il' COC0fliiii i 1%' 4 ) "itm h,'d II lt'',.i h'ilIlVN t t, ti 

|;lt.'t('tani tpai ,If t l'i' \ l.ol.1.y I'li 

I'h ilipp int's), I .11 i '1ltC. I c lt'. &,4Wl ,fiu I i'
114 ,li 

dluc il , It'. samilh. V. i pr i. d it piii whI,,.. I'-i.1|ii 1'. 

(lcscil l ll dclillh %Oli.' S I l itlli, \\'tiL 

prLdut l ll|, the" c.o(titill..1m v' ~ ~ lll '.-ltltL=I .1114 pm.J',I, 
wast d % t sYh.iJ 11.11:, Ili ,lIIwith .li , ie i l.s '.lt'.ifli cl, .ii,4 
a cyo fhi i . ll , .iI * .cL Ih tt iiillit'l. , If (l 
C a I c (I c(LI l, Fit i I |t' l l', . ph ,iO Ii 1r,1,l Wllt 1i ( ip.i ,ii ' 

dIeiLLtll Ctl '.ll lit'd '
iliit ipl.". I'it'l Vi i'l llhi"iW.1liL 14i11, 
fp.el ,Sal~ 'es (ifI,,iih l.1i, ,d, i, Iwii 1,,, itil 
w. c tlli 'Il ,itch l ,lI Iv'lill Ill.. .AjI --DI-I 1,-III ? 11ith 1.1i; 
alii inl tile h ,.ti ( . ill i , i |,1.11 1h%i1i
 
'ontlllou., lh.01h1toll,l I t t1 ] ,m Imti I :; AA 1111w
 
I10 ( foIllIAcl , ailil lill illt.1 .
 

A siilt I'. ' ltrv-clkv ,e.' hi.uf imo hiit, ,I lIliv, 
(IfWIIiIVL ItiLI ii,'d kt-ll, 111 1ht ' h 1I I. 'l ',I i(. ih,t 
Ill ai tminvitriil Amiertui .(it t'Dtl'i.,Ilh) 1,%, . 

%,ilth oil Ill IL , ..ooitilil of 17;. lilt-*i Al' t.ilot, II1. 
d ced rit' III itw. tol e anh.iid I tL'tl Ll'itll.i'hl it ll l lililli 

teip'lraltiiri esmat'.l|t () . .0111( t i (I ' it%%.i!. %\ilIIIml Ii,." 

expellh'l. 
saiu l, hw ntl [litI IhlLhii,,iI. --I, . I,, I,. i. , \ , 

M 1t illeriy for Iurhricr ltll,.'c . i .*1 hl, ii l .i|h . 
t.,,k place al {.¢, .Illh'|I)v"Ithe" I:,md '|, el,, ll-.II 

(5t'i t) 'f % itlli i. li .lCx. A & %I y, .idhl i tt'? Lt.i 
of ('rtOili foiipaiilalilIiiI'I\.)i .oil W ork.' , ,1\!
 

Pr'%t'L'Sc.iI . s t in i) i l I ,I 1 .1iii
r'imu lii /c ,'i/ I 

icr mill 'lIh prv'sis 'x ptiintci h i 5 i, .ii', lt! I - A 
I }'.11% I mlcll ilt IIi1' , II .1 1II1li t i.Iltfill iii il t . lhi , 

with UI 1.I0.i ill', 1heI I Il,'iiii% Ili *iiirhigh i l11,. I. . I Imtl. 
0v9 W''re c\li;ijtLcl Ii, lic I ii iI I,iI ;i,. .m 
lil Work 0( ,11111111I l pl.iii cxtll till '.%lilIlCII. it. c
 
lllt!of I 5-60 whli I | 'LA ',It;, cl il ittll I40 .10 


) 


mu111, Oll 
'I lie acli e(I k . A it' .Lcii i/L'l iii tl .(1h'fI%.i.' C t lit s .I .iltiI l,', 

ibbcinoii st)lil i'iiiii stilliin 1tii.to .iiil I liui.iy cl . iiil.0 

InillI i aia sshit Il u, ohlV. uii FS. It.i 'cItl ilualt'li 
No.80 ,'ivc'. 

ihe ch'ii.-tll l I-lliC'ul lit 1li1.ii.i' '\CiV)Iit, l LI:0 a-tl'vc'iil 
traction "tt %%hlteand iibll iiilic'l wi'li .i Ilmliii' tii Lmilil 

s . IL,wa not f;li, 'I, ht,riounid to .i iiall ,.1irli.1, .i/k 
so that l92-. pvissed thrcigtih.i No.i 20 SC.rt', 'nlit- liil' 

product, colra meal, (hlat is dill), Iiis.iiitlary, hC( dl.e theld.edicio pre'ss.ik' was ,i%
and, in igeneral, infit for ium i consutlit on. ot i iliil 111t" sm;lilles t' c tli 111tiiiii 11n 1 at 0 C'.Xtrla'ctd Ifr 1 
world pioduction of cocontil flour wil ul lesti. A 5 imi 0.9 littis (ifsiiple miil .1 li' (i lit\.iuia, %%iitretlit. 
moisture is equal to 40 of world piodclion of LI , liill tiltiioln, xcept thil the ir,tlilticlit cil \.it 1ic0t t '.iiL'ii
oil, which in recent y .ii5has titll over 2 mionll fiit'llic l.11'c. lii ,diili , oic literc li'%li li't.iii. .is plilitle 
tonls a nuilly. thro il lh i ihiiiti t h f d1iiiilii .ild .liclc 'liit/fcl' 

l)espite published inforimatiomn colicenllllt niitiitiev .lhi- mil. IX"io11tiiieviLihi'li.'i , Iit lull, Ilit 1.11.1illI ('nitill lt' .iit 
l il t- chu¢irr..ilt l k-l 

of .'ouin l Ilour is c'mro. 'ot inllc .l1 ph tirlltim ,llL'.li% It 
li' conitnllti'fl Upoli more food ,iljlhilhmvn te '.iirch, ,incl 
ilso (litknoiwl dge of 'ost% and I'liittlri tf piohiitliclil. 
1'illpurpose ot t1llspipt'i is tomIit ll's'lihtii ln i i lo llncost 
aid techtiology of prodUtlli tol" h w it Loconut flout 
with Ile roil of 'coctinlllI f l as :I lotid 

indl food a lDlica n.i clllli 1.ili110,111,11.il1 

leveloping t tic 
product. 

,ililll.k k44il1 . 2 liltI 0Io \%vl~t. l %,xl.ik It'd \% ilti (0 "i lilc 

01 51) ( lit \.ii', \\itllliiitt ilti Io '11w ltiiv'd. Ii' liii 
itnisUiel , i. icm iidle tlalli 'l' (11)i 1h 6f) kii till . ilt-
Ilotliin \\.v;fitt.'l %%iltI t|iitl I' .," Jiutl '.c'.litcd cli 
luiiiicl conuc't'c to tyl'tlli ..(il tll ti .iie itporie'dtiil 

un 1Ill)wI .is. 
Prol t'in ltIn ict we ri' detIermtin edhililit'A of to l aniplct 

by mixing Si' eleile txli.iltltI lilal with IVIt i wil .Thc. 

http:pre'ss.ik
http:Pr'%t'L'Sc.iI
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DCIiSIU COCO ilS 

rvIMIA jOEo MS X PARINGS 

9) 00 	 .. 
2020 	 4 C 0000 20_ 

EXTRACIONTINTRSAL 
0; 0( .O.to dIjii l ' iue

M 10 I a I1(1 r l t r 	 l kdZc .k . olil i REOVR VI 

Ico, wis 179. Simples %%crv v.I Ijcile %tilli11-11t IiieN-Ile at S0 C lut 
Iinc Indiciiud. Il.ui Iiill rcliccwn one tib~ertvjiot. oil, as previously cuniptitvd ( I 11. All prices .iild 1i --(-, ire (it 

I AlitIL. I 	 processorsi' illi thU I'ltilitinv tidvc bee7l Itim~ocd Ill fivi .na. 
in an alttciipt tot fric lit-c c%tini ties fromt 10L.1 IA 1.1~W%. 

(uu~ii..ililiiii,;'erii~ ii m~liiI (..oii~I I~ui'Ind tImpCtI i11.11. Cst ii1i;iC! 4pp)ij)IitiL 'ii
0mivimmt nd1toeru~ofWlil.*0,csitl Ilouillysis 

lit- t 1 s 

Avrtrrc valu! Rmlrc in otlher cotii[c%a.. well. 
-- lor lilirIpose% of estiiiatim-, pr-Iticli i, it %.i% :.u.mll 

Crude jimi oi (N %6, 25) ('A) 25 21.*2h that like COConutS cs'~T.;d 0)n11,1in 25'Shll.. .11'' cocci
cruder fillr ( 9 7.11 nut walti, and~ 4.', icats ithi Lt.I. "Itic 1ii.i1ts wili te.st.i%v. 
il (111 O.S 0.1-0.7 are 50'., miiti ric mid %iiiiniii 61'l ont a0.1j wit lui. 

Ailli I'l) S 4.(, 
hIulL deiumI C/c 0.31 0.30-0.3t, 'the rellitive \%.. of in llk -ick.Anid watl ;tIc quilt, %Jj-~ 
I luii ler C.1o icisi tile for dit((i' Ili tI pv% of clu ( litma .i 	 (121. h-vv~vr. 

1. 	 -91 90.9.1 vailuc% med t ailisrge %-aliesfor t'to' ppin tic * iinu 1 13) 
-0*.6 .0. 7 It, 0. S 

. impm cchaijl re Iwi vRESULTS 	 AND DISCUSSION111~clcitoi, ill%','m-oir 
.91%% Itlrilt I Io 1%% ). .i 	 cilll 14 1111 *1, 1. N1,..mil v listele. (fiitk) 101. lti TIhe Iptoiue% i. dlescritbed N~I 'yt l.ii111% well 

,'Iii~ . ~ ~darul eqchipilidlil I%aviiabitlv. Itlie tit) ml-) %lep I,, .jtictlc 
after Ltsc~ti ol)CMIi 101' l d Iliti i I t tcit illitut 	 ell 

were veili ii!iqi.* I5 111 illii it6 .00( 1%j.thecn fliteled. Nitioi plucc%% btei piito(.'ONt citn%i'.ts itl c izitirmtni Ihk iiraolle 

J~vII voillclit of fitalc '%%as deteliii by KIVitli ainalysl% lions1 Sio is to. Itrottli-d .1 Mhite.I t. litit I tIN '0Uiiiiit 

Iractioin of nltrol-cii ctIr.icicd w.is assumedcc equil to lk- liour, with tutui proidlil oiIi if CH\tt.(ocont 

1-111t.1101\o v iii;ItyCS I0ttI0%%-dt 1070 A.ssmicJlion o 0Il rocessinillt tiitLL Isolte~is lit .tdtIti..in. fiir '.:Ili hightph~~ \\ 
cia!l\it)1iyi it (tCiini'. C)Uiiticl lod cni ti'.i iot'.'i soluial\ iIa\ tunis'. to !'111111 IMItijit1ion(MA For 	 ipc 

tJ~cIiiiliiti'i.%.liiijit-. %%eic C\csi icd 2 lzs)'ll. roili. pirope'.rties. .itI tiiiii tis Ie haciish''-iil1ii1oii'i rilc~ 
Own'i ts1tr-il 2 molei Iitis. C olor IiicasulrcliiLts wviv lhic nurimal tcsiccjtvkI cooilli proccss michidvc 2 heil 
iiadt: %%il Ii.i flumesc L-AI~o difcicitc. meter. Re.ported rcsiills list SIC[) 0iui%1Iiicr't Cilil 1!'.it,'iIt'rupI lit'...lis 
art- Ihc .ivi.t:'c ofi.it Ici tmi..l'.is \.p ' lolcil. arelte lhaiit llt, ,,licp *Ihcitc %*: it khl'titiiiiMicr and! tt 

EItiuiiliciit iil1iii'.iI1i'tti t- Lonl.i'.tL'.l1 was Il hv an %.Ill Wre it) deteriiiiii (lIet er iiliit i coiuimiillst sainjulic. i11ld il t .id i0. 

lte 101.1)tl1 ic.gigst.tsopindiii.. (i. thiyiiir.. tidilsl)'.itiill euinm'.rC~iit 'I.ijCOMi1ititiuiS tile tcstihll %%ervtche S.110W. 
dlriedl kt'.ilmit pressing,. piepj'.ig MIikes. e.xtractiing %%liti *Iie protemli I tmtincl 'tinpics waN m,.ilibt'ta pit 7.5. 
%otscii rek-veil ,iohenl . mid iittiii to a flour. I i10 whieccas, lith: piohcmin Il taiiltimled s.iiii11t. \s.it 5s8 ;(olil
diyvis med l'ti miiid Sctiwrti, Mlodel SCIl .ovy tlte. 'Ile11wi1i.ii1itc sailiiituts t1.i1d pr.itcii l'iit eoii.it to 
Dqrir, %%,lil Itmi' thoseL commtionly used for iiililtufact tie tit JIht pics-tousis ICcpott for co0knutkli ccl( .i1 't0 ( (2). 
d'.st%:I' ied coitui li. which inivildt'.d i11.it luiut'.ill soliit'litt, ""Is iltil Irediced 

'111C jOIrOj.ied plait i% alsuiiccl to be Incited in t1 il lii Covonohl waus desick-ited cnni ~ty 
P'liiillinte% ie'.iIISC Of hie iiilhyof COL'Ofllt% lroduICed However. hiiicting cauised I Jugs: e t cassc il piroilcil 
therei. Loc~i t.ot% Ili t. Iliitippints %%ereestirnutel %%till ouiiiy If iodut stie(Ificaihio% fillc '.onotil flouir re
the hiel, (if Inflormationi Iloill S.i11i Miltud (orpuqlalicul qhuitie hili tarolin Solubiity. it piie~uiuahIy will lie neces
(hijaii. l'tidt11iiis). l1i1iiktii ti)c Compiainy (Mlanila. Sary to rte.CV thle tutlilkiehiiig Step Wtili sgile o)iler mlicro. 
P1bihi'iws), .111dl tiit c1tiip.' were estlillia- biluogicalh kilt step. Two luosiuities are milderf heat treatofher%.tI'ie Ji, k-, 
ted directly. however, Costs ol( stilluiillt. liimioI illill'.!. -'ill mletil Ilse oh ctieiiiicat ticteriicide. 
iinstahlticu weC0 Cstinialel \%-iltIi clcics l1' t). I .ictiirs ,iid Aiiotlivi ciitic.it uit tsper.itio l iti thu oil recvery lanlit 
equipment prices were hasedtillm pr ice li end% andh observedl is Ilite pressiij! opeta:tioui. 11is a welt knoiwn~ I*.itI Ouit severe 

ween of fi esh 	 Call muoducccor'.'l I b(11het prices csconus ;tial cocoliti I p1'.Nsilii uilsced cakes tha~t hiat- !. it vitlur m.id 

http:ciitic.it
http:piepj'.ig
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NOVI.MIII'It, 1975 IIAGI NNI.II I( lr AL: C()I INU I' FLOUt 

1 AIII II 

AUlIicipalh I l. Ce.g'+. lacs lit nln NI'Ii 

1:.oclh I'lin All S lIlanli 

Tolnslhr Tonnilday Ton%/)r 

input 
CCconuIg'. ,ltl'aul huk ]0.4 226 255.000 

Inler'uicd*.lC lit odutd 
"hclls 2 6 57 71.000 

:Woic n:vai, ( .O moi)ufc) 4.0 87 109,0o 
I'aillp (5I)',: mm~aI~lur) 0.6 13 16.000

Oulpul
 
Cnculut water 
 3.2 71 8M.4U;:
Dried %%tIle '.ul (S'7- fllOlsuI'.1 2.1 46 570.01 
Dricd rimrll (5,! uiillurc) 0.3 6.7 5.400 

|JAtraclionl plaitih 
Input


Dried while Iuwu,4 8.0 
 191 $7,40u
lrec patirg. 1.2 28 11,400 

Intermediate iuiduc 
I'IcjIressed %%Ihilv.1ll1. 

(S(* rnu.i4Iurt'. |7V oib) 723.0 21.700 
Output

Oilc 60 143 42.'00whlit mciur ( ,q immiItre. o S. ,Il) 2 5 60 1,00l 
I'arlnugt Ir.tw.kc (S', lmuiturc' I l', I)i 04 to 2.900 

"Assumning 250 da)$/trm ik 22 bi ubday.
 
bA.stuftrl 300 da ,/)'rAr It 2-1h/~y
 
COl frIill 3 %t U % 75,-. fritn 
 linet'pr rsig while all., 20 f'rom peissng' of| paril%..iid 

5% from extrliction. 

"IAIII.: III 

'm inilctj I l-(upI..t IIl ('*u,.I and lIcTr.y ('onulriplion 

+,J~ 
(dilhr%3oluill114I1 (l.wl 

l~quinicu I lclrlcily 

l)lyill; plantIs (peer pl.lill
 
I'trhretckcr and it;,: mill 5 2.0Ou1 
 .1. 
it)'Ces (Cmun+,'Yoit ).' 220,000 1I I. 
Hoiler 7" bons sih..uim/ir h 

'.40Oo 0 
Mlxcellialu,,lic 

70.000 SO 
Total vilmismlnutl 382.00o) .00 
Buildiars (2 .'()lOl% atsud I 80.000 

Central o;I recery 1.111luScrew preiurine 26O.OO0 160 
Sctew%prei' fir dritd itingsd 60.000 420
('rackuin and flahkillr teli 57.000 70 
Solvet c ,tlra'lor" 230.000 20 
'lour imill J15.000 SO 

Oil slorale1¢ ;, I c0by.S otutut ) 140.000 0 
li1uilcr (.1i loall tcari/liur)t 30.000 0 
Miscellruioun 100.000 7S 
Tolal 912.000 795 
Illil&llflt (l.tiOOmi 21 and la1d 450,000 

TianlpuOrla lili eq uipliliil 
Truck,%f 

470.000 0 

ar uini" .epla'rlt rtr'u i n white n3kal afiit parings.b'rhc boiler burns rocontil slit-ll f:if fuel 

cIncludes Cuiipllf¢iol r coiv.'i)tu)g, I.3uuraloiry. shop, and oflfires. and elecrlilcily fill
fighting anld wtiliii 

dntcludes colldilioiling cqUiiiliilt. coil -cyos.and itl hindlfiig cqulilplenl. 
einilude, stwltcnl rt ,ccrysy i miid m;tl dciulvenlitet.
 
1
Ten iilpei ttlih-ni iprctsurih¢d bulk Ifticks, enllacily 28 ii1 (7m Ions) ea3h. 

low prolin solubility. Work (S. V'r~uselukiil, privil' c0nl- Therefore, if blincliinp were c llillfaled .i1(l pit'.inr.munication, 1973) has Shown Ih1.1 proct.v 1i.cJln I ilice were co!nrollid, coconul flour with high prolfciii solluhiity 
coconut protein soluhility wilhout in: rk.il'y ,if ' Imiancolor, could lit' iff'lpaled by Ininnitii I iscest.suihc.il. I lowvivcr,

Presscake with 17% oil conlt'nt, prC3l tcif J'cribcd,es itle Cffect uf p'rotein solubhiliy on food appllcd itim has fluit 
was observel o be whie and fi:ivv PI:ln ,lcihilt'if-i t of be'c det'mliincd. No cvideice is av,uihi ,eth:t hilih prlcillcl
94% at pill 10.5, 565 at fll R.4 ,ndn 't .I 1liI6.0, "ihcse solihility is superior Io low solubility. 
dala indicate good prottin soh!ti'lity wh'ii Collpardtl to r fficiCnl exliaction of oil is piimarily of iilpUrlance
publisheld data for sobhility of coc'liilI ilieal prepaled from the vieWloiit of economics, oil becinglit' liiclpjl 
without excvss heat (2). The dala sultgesl thal coniulit'rLial prodiicl. Il.wcvcr efficient extraction is alsu iicssr.ry for 
type screw prepresses [I! used it) i!ive ir'iscalk with caI. IIhi"production of low fit flour. 

http:iicssr.ry
http:Ir.tw.kc
http:Inler'uicd*.lC
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jIIKNAI. O01 fll: AI(3 I4ICAN 011l. (3l3A(3S'S* S(X*IlIY VOL 52 

IAIII 3 IV 

3*,3,,mllo 14 31W 3 Iekrittj Carol al 

Ilrysng'~~~C it, atJIS13 tIc I.~r 

390:1111.999 -11 iffr9 1 : C(11.9 'r..i it. 111 

3 3.39i93(flill -4.) 1.9u30 93170 1.:91 

339il3.99dmj,J 3.99, 100 o .1%hod 4 $0 
I lw ~ r. i-. m.i ..nm tI $47 0 1 .It 
I lii,.i g. ... rt ii,,, 031116 j)2~ 74 0o.% 

M, 31999'9.93 182" 0 $64 
I .'.'l". .9.- tv1vthid ,~,j' 16I$ 47 I .081 

'~,I399.s3S. 13 2 2.~SS97 M.K 14 

3 3..,iiI . .l luil'gIue (2 %%rrk) 76) 

.,,,3 t.3 39931%3 .99.3v if l (.1I93 . 
3 3'.. . 3 -. i "Il33.dl lil 1.0 

TAII.1 V 

A...im 5)pcori3,.U3I (94 ($3itr 

3.mI.1 .10) 700.000 4)11311~lt 141j,11. (70) .10 l)03) 
P'umyl I3I31633 700,00) 596f6i, (3 0) 310.0011 
1 )1114 ( 6931.6Iloilo 1 3)0) 37'. .000 .3919k91.9fl, (210) 3$Sulo 

J' I'Vr Ieo-s I ?1) '910.000 
0.1141111C11311". I III) 11.000 Ionditedl 

3g,399*~3 

~d..,i,.'h ~ ( I 

'~A3Inin.~tr3tivec (.30) 

I CL1.0ciical. (3$5) 
100.000 

.11~.600u 
1vk*,I. J3 (20) 
1,11t. 11. 1.I I 13 

6.0.000 
.1.60002) 

I(3r.(.0) 1.11000)
0 

I .Cl9l,9,g (f.11) 135.000 (llhet 

lifler I3.9993 pac k.lwt i9mlcil 3(O 031/kg) 17$S 00t) 
II...... 93lot, .$.3 , 30,1 .0S 30 *.O-%mnc 14,-. , SP' 20j1.r) I Uh 000 
I991 'I (9 f3'93, 1. 11 t1-.0 '.31933C99J99( t..9".6c 60.000 

'11630 
I IV.,, 1 1 1) it3171 lit) 

Mw.-If'....% 
200.0010 
W0.000 

1w~ ti,ll Sr. I),~ ($0. 
i)eiruir, ~i3 vs (soy 

lmi rliceuj tx 

.lt) 
ji 

cr 
r 

261.0m) 
65.000 

*1mi..lct1.000 

3,.oil.... 199141.9*03"-93y 6lw~l3 160.000 % I oIa3~~jj 3. 000 
*5939993 .C,.3.1.0310 .300 

.11cid. ,% Ill 1..f3 J. 41t1'.'3 .3n1Cd4-... ii,9 so1,l (rtirec 3.beciti No.993,,,'. i IpaI19I3,lie 919dot213 9iitt (if 3,?6tinl~ . 

S'. 99ll99199' .3'.99436 13i3.19? i.ted ..f 310kil. 4t $0 iJ9/killI309. ~Il,,% ill 71/1411.1.ii Cn~ts.Iiic~ 

.6.. t 3ili'c4l. Ili Ifi*i Content11 of til desicc.1tvid Coc)l0333 W.3$ with3 oil. H owe ver, 33it aty work, a~ line pil.V.dcr lisra
3eue t9~J~10" *3wIcrci.3 o)f presscake was %Uoc..ts y lflsslfl) de.icIcalt cocot) t I lf,0163'lt 2.it thet oil contenlt diiCtd Ily mciY t 

,9 1., . ro)3e11.(11313%. .'I 
%%il .13%.11141.iu1l Lcviatlton (If oil ciotent of 1071, of tile' Illat:iaid. %0m3i,ev3 f.ictc3 with3 Itex;,nc. flil, rL'.idlu.I ol con.* 
wI~s39l33..ll i'iIt . mlen of O.. For the extrationi of tilt% liiacy I-rou9ii tim;. 

iL iieviie.no9w Illrout)1 ii fil nked pros-Liko was 0.4 ± 3d3m . s iniIc %V.i itrldd with) fi \Jt for 30 mnin. 

I. wdr'd ) 1iv1,t' were averalw% oIf 4 4)39%'1V13 '13In 11311% of Npaced t 0.3 33111iii 0.0)5 fiit. Ibil 

file . 

1) 1 Itit 5/99993, M. 31 as oly 3... of t33e flow. thl3 11 3'irtcd .3 fI.' mlesli %ceviil. anti file oi.W31csii onto1 

3'1t~s3. ik ~ .1%lit enflh ll fil(e com33i3jiill 1>3le solve~nt 3Ile %I(-.-)imcoIai333 of lesafle th-oi 1 i the 39133cr illed 
49\ 1.. I3) 33'.. i(I'.Cejcdl C0CIII3 t p31,.%3),e Of ties t tlC931331, riIJiO3flei, ftlC 

The aestlos ho33wn ill Filiie I intdic43i. that only cat. 2 Ii ,.S.31Cnc fi 1413., raiscd s0t(1C dimihts abou0t like !e-:1sability of 
minf (If e~3 .icho3n3 were te(31t3 cd to) retitice residutal oil ii 33119. sing3 withibut thor prcires%iit. olcrat io. For these 
plreosctkc Il.t kes Ito 37.. Ill Culi rami. tlL'siccald~tld~ .9 lt3 Chad it..K9)31s 3h lir prei !i stvp wais included ill tle prllrorscll 
,~jg~jtgj (ill oIf ca. I30%, ;ifier IS in ext raction33. 'IliL's dalai 'oes.s. 
%tiggemedC~ 31w.3lirci-i 31g arid/or flak331g to:%til3e11 iII %Nffi- 'I lie dala ill Tale I g~ive anilysts (If cucoottil Momr with

3(111 %:ellth,5333333133 to faciitte lhd.iJt1 extIraction3 or re-* til 33 3 m1et thlatlvsa. 'I heim an oter dmi.i, %flown.5t3.'3C31d( 
3 1a 11ning off. ..91333ltitil 5Vs.1%Mi3311'.114 vjililc. Thie facltois rce..iinsi-

Attempt I, lo lak desiccated cocontit w.ilhitmt piepress. 111kNor tIil! ';iriailltv Seelldl o) Ile: 333l trily ;iiid vatiely o)f 
ilng rcstilitd it) fidtre. Ite,. flaking roll' I'eeaintiie tred C01 0.I1UI 3)roveecd. 'I lie oil iidut- I i\ ;I lircinimt333till witih. 

http:71/1411.1.ii
http:31999'9.93
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out the hrJ ficecfally acid Contelil of cocoilut oil ,leliki-4 
frolili i.' .nor li c.llri . Altliough Ilii .,ii. ilitalla-. lieI 
coCnillut flour ploduct. the icillut kill*a:. tb , iIinli irA 
prodtic;I of ctioulut 5,01. 

, l
oil,ln quatiily inil tala. 

nercial %-tie. The opllel il dil ihi l i%.1 ve aijti",- oil 
V. co ollut flowii .i%.1 b) lliduct.planit. whirli p llit 

t' . cO lllb ihol 	II ! i liitllll ll ' 'Il 	 i i)rLic ¢ % i i ', i 1t C0 l 

oilcr tions i s t-td itI iuie i lit, 
hypOtlh li Cal art -Ill'.,n consio illsol It." identi.di yl'l. 
descrit unit ilk-c;i l' 2 

,

plants and one ccim ir.h td olil rc ' i phi. l. "lt.h iii illo 

Opcl ilion% ar l iip -I d forAl two It.i'Oii..t I cICtlci kt,,Iof 

hauliunl:lfreh Cocollilts and to fiprii} ilitl.itioll of al.iuersi 

over a widerlo are-,.ral hic.,l i0iU 
. tonThc plant jilit it it.% . h wn init,~ I-i t -irc e 

lw 	 .s idl 111.Incom po itio s and in 

Ictial in ('vIin ie ll..%cdspoliletd o.-
typ iil Coco llut 

CoCoiii¢l15. k 
pccteul In Conslill"te L.i. I of Tthe II.ti. It \%is i, illrl 

that spoilcd cocoltlll arc driled and ,, .,% ,jotJ. tllhthe 

nut-..from oli ifaluigti h f , hc-i Il.s biil .tit 
ineone 

cqtial trade off. itoo.%,i il 1 l.etd iii th ,. Io . 

The figillc.l 'ii in '1;ablei Ill -ticdii'ct c%!iiilv of
jiild Ci.ll
COMl .1Ullipll,1i1.bullillillt'CqUipliCnt COi tS,Cnl~tj..t 


Equipeintl cots \%-ere I',' d ol i-(t :i titces of hwidC
 

1974. llowcver, inflation rates undollleill!'' ,ilmak¢ !hese
-

+ 


numbers obsolete in a shirt tite..and1 I.o1 COt.ll v+il!Yji) 

wilhi location. 

Total invested capital wi.s etoiiita.ited. a- lios it in Taleh-


IV. Annual oprratiliv enst¢s ;,'reshown in "iabir V, arud 
annual cash flow Il Table VI. 1lhe sellini' lrie of coftli, 

flour wfo adjusted to riose ?0: pre-incini I., ;tfi (i'f . 

turn, which was the samie rite ol ilin lciulated fur 

aqucoul proccsintr of cot o it' (I I). ;l3 o kals liilllct l i% 

mid-197,1,. 


The scIlllnr price of L'Oiiul floor so calculatf-d wais 

$315/in Ion. Tliis cOinarL'd to the pice of SOlnS mloll 


calculated from coolut skii milk solids obitin dI from 


2queouo; prOc siii. Of cocuol I (I I. I. ~we cil. till%conil-


parisoll was %sollliah ;,iilcadlilg |,csauwx Iutoincolli: %%.I% 


as, tined front sale of tlil highl fillet
lrillct ol al;iilied t 

aqueous procwessilll. Oil lt litleherlii, in the pricpis t 

solvent extrIact ion process., the fiber is sold as of theoine 

cionniiits tlf coconut floir. A iiwi mai.iiiiul colilpati-

son of the 2 pirucesses would saent to lie%title added, *ilci 


lated as Incime from oil and protein piosluct onus taril 


price of coconuts. In bo.t pi.occ-ses the %Auv added 
was ca. 

r. it 


noted that this coinlpari oi is ight) dvp'lmidv'it oil mikei 


value of the protein llpImduct'. \s-,iclihave 


$25/iit of litiskcd tocot1 ut-. Ilam ite should le 

iot yet been 

d~llri incd.(19€.t).determined. 

The econonic dapi toinent to Cocoliti proCCsliiirair. 


dcpcndcilt on inflation rates. Ila-ie. ind olier local -oIt, 

especially labor. These ire all highl.i lyw iable ai iincll ia v 
IHowever.inportant effects oni actual return ill il t iime lil. 

the cstimat s as prsented are sufhiciemitl) ¢itfral to gi. an 


indication of the major expenscs anticip.ated for l ioessiiig 


in the typical coconit lirodulcing country.

ille liCt d itrn% a tionllOne Of t~lC lil costs ~l)4 Ir of tilt! 

fresh coconii'.s to the drying plants. irhiihi more, tIhe costs 


of the drying plants Ile lstl ( ". of I l ot.il fi ed capi-


tal, and, aissuch. contriiit subsiaili.ll)" itoolerlicad costs. 


A system in which coconits were tlile with sinaler 


drying units IO na irer Iht ciIconul wouli se
1in ile',i lre e 

eXpclced Itl it11oc -taiiill.portatton nt i y i costs siti-

stantiAlly. albeit at the xpcnse of note ifliicull saitary 


and quality control. paiiculanly if the tiils werIc pired io
 

make a while prodict. Stich a so-wnil, for imaking lood 


IA111.1 VI 

, of liv ko,11.lu1i.l 
- - . .......... .... 

A 111',u~sitll
 

Allslif I ilitl¢ 
1 	 2 l.t'Oil (42,' 0Iiti aIl 	 1111.114allt lo I ' .l toal . a !It .	 ''at {li lUl i I~ I !,(i! l 4.., 

ll i1. 4 -StillI,,i .4st,1 t I P'. 4.1.1i 
1,.21 io'lue 11 t,It. 04111 

.	 l'%Plm-"
 

*O 	rtilinr sflwl ri
 

It)Iii lI' ,,.h.t ,-l,,,,.,iihls . .i I I
..1' 

l *i .,.. 'i 
l 
il 	 I. I I I 

11oritor iOI 'l m 'll- fiom	 
llllllI mf j Irvi,O F ll .ill'rllll1Il i il 

?.lU.k* (I .fi) Iitl.1i I 

1(1-1i1% ris& I 4 %%..i i4 
I tiIl,Net lCluls 

.-
r____I% 

Illk i ,- I.... li., 
t
N I11, l,lf.itlNri ltuli, Issis 

.W~~~~~I (*'tll ,It 'h:adtri i t.i litlill)onutl t " llit'liil I,,, 1, .i. ,,,'it~sy. lllh'!.uoiii,,i .51gl'i;-,r.d LOpt-. 

would Ik- enuillre l i t- i-1.ht','.d( iuh Iil 

- illlli ,l" llitl t ill' ,lolitili!
 
i {iia ' t ii'l.tint'nl I:.;l ;-Ill.
h i'r'Iialliln ,.i, ,itif .I 

unkc'Vtdit) % il* 	 -I ilt- -o.,I, 1 

.
i i i t Ihr M! t allo. *-.1h ii o.ii I I ' i, 

I 	 t . i ii.1' pl.:-.. liii Iti p is .. II '.Isi. 11. 

,,i..: 

flour callonly hle. ltll .,,1c;-, .. t,1I 
,oill i,IllIi f % C tol.'lt illthei liom, l s.til,,i.1 , , ',-ii:II1%lnlieli I ti,'.et'.%li , i'If .I,'lf ,ii.*11.:, . 1.5i s Is 

de a.,,iilllf-

,il eMosl.41titiio'.it ,,I ioll Ihtitit Ii dbe 1I. -,., 
{llilcivd ... I Ill% llil. 5. I.. i,At %i,.-i,it)i1lillli 


)
oII mCohiololt 4 Jilla ,liitlioll. \ 4 ciito 1lll ii!al I 

ri¢d,'l low food !tlilislll I 4h. 0wiI,
.inif O'.,t 

ielraltlill litl' 

sC0%1'itI HUM 

WI I1 lN( I ' 

I 	 Clsudio. 'I It.. S.k 'ti.10-4. A. I I,s,,..is A, 1 ., I ,,1
 

a I t' isljgijt.. 
 "Nlil II'u til, i., lllhl. N,, .Ni. 

i A. A..(or .iN.Kaistosisil.1at4. '1.1. . .1,,I I 'i . i
.'. 

.ul,,Si-i. ur..t', '11 1 
j. NlliniJj. '.1 . ..M. ItisIt.IA I:1..;.II %.,il,0.,al I MI I..., 

,iln. I'lil. J Ntift.. .1.0.4' i lli) 
I 	 w .4. Ilitiilvi ilii. Pi It , iiI II U I.,,. liial J N ai, 17 . 

5. 14G.. I.It Ii..lailii. K Iuil,,j. II t.ll,,,. .tl 

NIIt. 1i.1 ta-klrs. Iisd,.,s i Is1r I i'0. . Ii,iii .m 
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b. 	 Alidui. I.t.. ital. ). Nll . I 
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I. 	Title: Development of a Process for Preparation of Coconut Protein
 

Products for Use in Foods. (AID Contract csd/2804)
 

II. Subtitle: Biochemical and Structural Changes in Maturing Coconut
 

Solid Endosperm and Related Tissues of the Fruit Imnortant 

to Processing.
 

III. Principal Investigator: Julius W. Dieckert 

IV. Sunmary: 

The growth and development of the coconut seed and its content
 

of solid endosperm is a complex well-ordered process. Once the spathe
 

opens and the female flowers are pollinated, the fruit grow rapidly.
 

The ovular 	cavity, lii.'ted by the seed coat, enlarges for about 240 days 

after the spathe opens. The endocarp hardens from the distal ene toward 

the proximal end. This process is complete shortly after the ovule 

ceases to enlarge. The growth of the solid endosperm lags behind the
 

growth of the ovule. Under favorable conditions only about 20 % or less
 

of the maximum growth of the endosperm is completed after 90 % or more of 

the growth of the ovule is achieved. The increase in weight of the 

endosperin ends about 365 days after spathe opening.
 

Ultrastructural analysis shows that, except for a few cell layers
 

adjacent to 	the seed coat, the cells of the rature endosperm are necrotic.
 

Practically 	all of the intracellular substance that stains like protein
 

is located 	in watery vacuoles with a single unit membrane similar to the
 

tonoplast. 	 The protein in the aleurone vacuole consists of a crystalline
 

core surrounded by an amorphous layer. The lipids are non-osmiophilic and
 

are located 	in fat droplets, the spherosomes, in the cell and are separate
 

from the aleurone vacuoles. What few plastids, mitochondria, nuclei and
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other cell organelles that remain are necrotic and obviously nonfunctiona.
 

The cell walls are thick and woody.
 

In the early stages of growth the endosperm is gelatinous. The cells
 

have active mitochondria, plastids, dictyosomes and nuclei. The cell walls
 

are very thin, which explains the gelatinous quality of the tissue. The
 

rough endoplasmic reticulum isn't obvious, and there are no amorphous or
 

crystalline protein deposits in the vacuoles. The gelatinous endosperm
 

grows over the surface of the inner seed coat from the distal to the
 

proximal end of the ovule. It takes roughly 31 days for the endosperm to
 

cover the inner surface of the seed coat, once the rapid growth of the
 

endosperm starts.
 

After the endosperm is established on a given region of seed coat,
 

it differentiates. The cell walls thicken, the rough endoplasmi reticu]lnm
 

proliferates, the dictyosomal vesicles develop material that stains like
 

protein, and biphasic protein deposits similar to those in the alcuron,
 

vacuoles of mature endosperm appear. The latter signals the begInning of
 

the process of synthesis and sequestration of the principal reserve
 

aleurins of the mature seed. The endosperm increases in thickness and
 

characteristic changes occur in the consistency of the tissue. Approxinately
 

105 days are required for the conversion of the gelatinous endosperm to
 

hard endosperm in a given region. Ultrastructural analysis suggests that
 

the synthesis of reserve aleurins continues from the cooked egg white stage
 

that follows the gelatinous phase of endosperm differentiation to the early
 

hard phase of differentiation. The process continues for about 112 days in
 

a given region. The synthesis of the reserve aleurins begins about 200 to
 

210 days post spathe opening in the distal region of the ovule and ends in
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the proximal region at about 330 to 340 days post spathe opening. Relating
 

ovular growth to reserve aleurin synthesis, the ovule is formed first;
 

then, the vacuolar proteins are synthesized and packaged. There is some time
 

overlap in the two processes.
 

The ultrastructural pattern of the endosperm producing reserve
 

aleurins is similar to that of embryos of dicotyledonous seeds producing
 

aleurins. Classical aleurone grains do not form in mature coconut endosperm,
 

however, since the latter tissue does not desiccate with maturation. A
 

comparison of SDS gel electrophoretograms of crude protein extracts of
 

coconut endosperm in the cooked egg white and hard phases show the presence
 

of the principal coconut seed proteins in each. It appears that the
 

principal reserve proteins are synthesized and sequestered by coconut endo

sperm in essentially the same way as in developing embryos of the
 

dicotyledons. It is proposed that the aleurins of the coconut endosperm
 

are synthesized by polyribosomes attached to the outer surface of the
 

endoplasmic reticulum, transported to the dictyosomes, concentrated and/or
 

modified by the dictyosomes and deposited in the aleurone vacuoles by a
 

process of membrane fusion. Such a model is an aid in understanding the
 

coconut seed proteins and the effects of environmental stress on the
 

deposition of these commercially valuable proteins.
 

The bulk aleurins of seeds are thought to function as a source of
 

organic nitrogen for the germinating embryo. In most seeds that have been
 

studied carefully, the number of individual reserve aleurins is small.
 

As pointed out earlier, ultrastructural analysis confirms that the principal
 

proteins of mature coconut solid endosperm are aleurins. There is little
 

doubt that they serve as a nutritional reserve for the germinating coconut
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embryo. Analysis of the crude proteins of mature coconut endosperm by
 

SDS gel electrophoresis shows a relatively simple pattern. Most of the pro

tein is in three molecular weight classes: 51,500, 30,000, and 20,5'0
 

daltons. Careful salt fractionation resolves the native proteins into one
 

fraction bearing the 51,500 subunit plus impurities and another containing
 

the 30,000 and 20,500 molecular weight classes. The latter isolate was
 

fractionated into the two molecular weight classes by a new system of
 

preparative SDS gel electrophoresis of our invention. The amino acid
 

composition of each subunit and the starting material was determined.
 

The amino acid composition of the starting material could be accounted
 

for satisfactorily by the amino acid compositions of tie two subunits
 

and the assumption that the starting material contained equimolar
 

quantities of each. Presumably, the native protein is of the form
 

(P20 " P31)n The Metzger index was used to compare the amino acid
 

composition of P20 ' P31 with legumin type proteins from peanuts, beans
 

and cotton seed. Low values of the Metzger index (D.I.< 15) are
 

presumptive evidence that two proteins are hcimologous (i.e., arise from
 

genes with a comon ancestral gene).
 

By the Metzger cr:.terion the following aleurins are homologous
 

proteins: P20 ' P31 (C. nucifera); AB (legumin, Vicia sativ); AC
 

(legumin, V. sativa); aB (legumin, Vicia faba); glycinin (Glycine max);
 

P67 (arachin, Arachis hypogaea); and, P40 (acalin B, Gossypium hirsutum).
 

The difference indices range from 9.04 to 12.45. The amino acid
 

composition of P20 and P31 were also compared with the individual subunits
 

of the legumin type proteins. Two potential homologous series are
 

apparent. One consists of P20, A (V. sativa), B (V. faba) and P24
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' B (V. sativa),
(A. hypogaea); and, the other series consists of P31
 

C (V. sativa), a (V. faba) and P43 (A.hypogaea). In the first series
 

In the second series
the difference indices ranged from 13.37 to 13.67. 


they ranged from 9.84 to 12.40. No data were available for the
 

These values of the
individual reduced subunits of P40 from acalin B. 


difference index are respectably low when the phylogenetic distance
 

between the coconut palw and the other species is considered. The apparent
 

P31 and the legumin type aleurins lends additional
homology between P20 ' 


support to the concept that all are produced and sequestered by a
 

common process.
 

A natural experiment on the effects of water stress on the
 

production of solid endosperm is repeated yearly on the coconut palms on
 

St. John Island. A considerable body of circumstantial evidence is
 

adduced supporting the hypothesis that water stress at key times during
 

flowering and fruit development severely limits the production of solid
 

endosperm. The most sensitive phases are related to periods of rapid
 

growth. Water stress during periods of spathe enlargement increases the
 

time elapsed between the opening of successive spathes, thereby reducing
 

the number of clusters of coconuts produced per year per tree. The 

interval between spathe openings can be lengthened from 26 days to 4/ days, 

depending upon the severity of the water stress. Such an effect can 

cause serious economic losses. When water stress occurs during the period 

of rapid ovular growth, the size of the ovule at maturity is greatly 

reduced. Consequently, the quantity of endosperm produced per mature seed is 

lowered correspondingly. As much as a 60 % reduction in the fresh weight 

of the endosperm per seed at maturity was noted for palms suffering water 
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stress during the period of oaximum ovular growth. Most of the growth of
 

solid endosperm and the synthesis and segregation of the coconut seed
 

protein occurs after the ov-.-ie reaches maximum size. Water stress during
 

this interval reduces the growth rate of the solid endosperm and
 

probably reduces the rate of synthesis and deposition of the vacuolar
 

proteins. The effect of water stress on the growth rate of the solid
 

endosperm 	is less dramatic than on the growth of the ovule.
 

V. 	Experimental:
 

Ultrastructural Analysis of Solid Coconut Endosperm
 

As reported earlier, the ultrastructural analysis shows that,
 

except for a few cell layers bordering the seed coat, the cell organelles
 

of the mature endosperm are necrotic and clearly non-operational.
 

Practically all of the intracellular substance that stains like protein Is
 

located in watery vacuoles of the aleurone type. The vroteins of the
 

vacuole are present in two forms, a central crystal surrounded by an
 

amorphous layer. The lipids are non-osmiophilic and are located in
 

spherical droplets (spherosomes) that are separate from the aleurone
 

vacuoles. The cell walls are thick and woody and penetrated in certain
 

directions by plasmodesmata.
 

At the other extreme is the gelatinous endosperm. These cells
 

have active mitochondria, plastids, dictyosomes and nuclei. The cell walls
 

are very thin, which explains the jelly-like character of the tissue.
 

The rough endoplasmic reticulum is not obvious and there are no crystalline
 

or amorphous protein deposits in the vacuoles.
 

Once the endosperm is established on the inner surface of the seed
 

coat, it differentiates. The cell walls thicken and the tissue changes
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consistency from the jelly-Like phase through a "cooked egg white" phase,
 

progressing through a rubbery phase and finally achieving the hard stage
 

characteristic of mature coconut meat. At the cooked egg white stage a
 

new system of cell organalles appears. Vacuoles appear with the biphasic
 

protein deposits that are characteribtic of the mature endosperm (Figure La).
 

That the crystalline deposits are protein is confirmed by cytochemistry.
 

Alternate serial sections were digested with a protease from Streptomyces
 

griseus (Sigma Chemical Co.) and compared with the alternate untreated
 

sections by electron microscopy. Figure 2a , 2b show the results of such
 

an experiment. Clearly, the protease removed the crystalline core. The
 

removal of the amorphous layer surrounding the crystal is not so clear
 

cut.
 

The tissue which was at the cooked egg white ntage was fixed in
 

glutaraldehyde, postfixed in osmium tetroxide and embedded in epoxy resin.
 

Serial sections were cut, each section was treated with hydrogen peroxide
 

to remove the osmium, and alternate sections were digested with the proteolytic
 

enzyme -- protease from Streptomyces griseus. -All sections were stained
 

for electron microscopy, mounted on carbon stabilized formvar coated copper
 

slot or hole grids and viewed with an Hitachi H1111A electron microscope.
 

Tissue at the cooked egg white stage also shows well developed
 

rough endoplasmic reticulum (Figure 3 ) and dictyosomes with vesicles
 

containing material that stains like protein (Figure 4 ). Similarly active
 

dictyosomes are present at the rubbery stage (Figures 5, 6, 7). That the
 

dictyosomal vesicles contain protein is verified by cytochemical experiments
 

with the protease as shown in Figures 8a and 8b. An electron micrograph of
 

protein crystals at the rubbery stage is given in Figure lb.
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The ultrastructural pattern for the cooked egg white through
 

rubbery stages is similar to that observed for developing plant embryos
 

that are actively producing and segregating the vacuolar seed proteins,
 

the aleurins. A detailed account of the ultrastructure of the process in
 

developing embryos of cotton, peanut and shepherd's purse is given
 

elsewhere (Dieckert and Dieckert, 1975). Dieckert and Dieckert (1972)
 

proposed that the alcurins are synthesized by p "vribosomes attached to
 

the outer surface of the endoplasnic reticulum, transported to the
 

dictyosomes, packaged and/or modified by the dictyosones and sequestered
 

in vacuoles bounded by a single cytomembrane. Since the pattern is
 

similar in developing coconut endisperm, it is now proposed that the
 

vacuolar proteins of the mature coconut endosperm are produced and
 

deposited in vacuoles by a similar process. Unlike the seeds of the
 

aforementioned species, coconut seeds do not desiccate at maturity. 
Th
 

practical result of this difference is that classical aleurone grains
 

do not form. 
Instead, the aleurins remain in watery vacuol(c at maturity.
 

The total body of data available for all seeds makes the hypothesis
 

attractive. 
The hypothesis is useful here because it helps in underscanding
 

the nature of the economically important coconut seed proteins and the
 

effects of environmental stress on the overall process of their production
 

by the palm.
 

The Coconut Aleurins
 

The seed proteins located in vacuoles are called aleurins. The
 

principal aleurins appear to function primarily as a revserve of organic
 

nitrogen for use by the germinating embryo. In earlier reports it was
 

shown that most of the protein of mature solid coconut endosperm is confined
 

to vacuoles of the aleurone type where it is present in crystalline and
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amorphic forms. Therefore the ultrastructural evidence indicates that
 

the economically important coconut seed proteins are aleurins. In an
 

earlier section electron micrographs were presented that show similar
 

protein deposits in vacuoles at the cooked egg white stage of endosperm
 

maturation. An analysis of the crude protein extracted from mature
 

endosperm and endosperm containing tissue of the cooked egg whita stage
 

by SDS gel electrophoresis confirmed that the principal polypeptides of
 

mature coconut endosperm are a subset of those from the immature tissue.
 

To obtain a better insight into the nature of the principal
 

coconut seed aleurins, the mature proteins of a crude extract of solid
 

coconut endosperm was fractionated by standard salt fractionation
 

techniques. Two principal cuts were obtained. SDS gel electrophoresis
 

showed that the first contained subunits of N20,000 and 30,500 molecular
 

weights with a minor con,:aminant of higher molecular weight. The other
 

contained a polypeptide of 51,500 molecular weight plus some impurities
 

of other molecular weights. This result confirms the work of Dr. Robill
 

Khaund (191) reported earlier. Isolate 1 was fractionated into its
 

subunits by a method of preparative SDS gel electrophoresis developed in
 

my laboratory. The results are shown in Figure 9. From the densitometric
 

measurement of the protein content of the two principal bands and a
 

knowledge of the molecular weights of the two polypeptides, it is
 

concluded that P20 and P30 are present in about equimolar quantities. This
 

suggests that isolate 1 has the stoichiometry (P20, P30)n. Other data
 

suggest that n is probably 4.
 

The amino acid composition of the starting material and each of the
 

two subunits was determined on samples hydrolyzed with methane sulfonic acid
 

according to the method of Liu and Chang (1971). Samples of each preparation
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were hydrolyzed for approximately 24 hr, 48 hr, and 72 hr and the data used
 

to assess degradative losses and losses due to incomplete hydrolysis. The
 

corrected values were used to determine the mole % of each amino acid. The
 

results are given in Table 1. Assuming the starting material was an
 

equimolar mixture of the two principlal subunit classes, the composition
 

of the starting material was estimated from the data for P20 and P30"
 

The values obtained are given in the column marked P51 Reconst. of Table I.
 

The results show that the individual subunits have a different amino acid
 

composition and that the reconstructed values for the starting material
 

are similar but not identical with the "reconstructed" values.
 

Probably the best way to compare proteins for suspected Hdvnllty or
 

homology is to compare their amino acid sequences. A less satisfactory
 

procedure is to compare their amino acid compositions by the "difference
 

index" method of Metzger et al. (1968). The essence of this procedure is
 

given in Table 2. The Metzger procedure was employed to compare the
 

"reconstructed" P with the starting material and, more importantly, to
 

compare P51 with aleurins from other species.
 

To provide insight for the use of the difference index, dIfference
 

indices for selected systems of proteins are cited in Table 3. Even
 

carefully done analyses seldom agree exactly. The first entry In Table 3
 

compares corrected values of the amino acid composition for two samples of
 

the same isolate of protein done by the same experimenter. Clearly, the
 

That it is not reflects the
difference index should have been zero. 


experimental errors we experienced. Calculation shows that if two proteins
 

contained no amino acid in common, the difference index would be 100.
 

Metzger et al. point out that functionally unrelated proteins usually
 

show difference indices of 15 - 40. Proteins that are homologous, i.,e.,
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have structural genes with a common ancestor, often have similar amino
 

acid composition and correspondingly low values of the difference index.
 

Examples of homologous pairs of proteins are given in Tab]: 3. Although Metzger
 

etal. noted that homologous proteins usually give values of 15 or less,
 

some homologous pairs give values larger than 15 for the difference index.
 

Porcine insulin : porcine proinsulin are clearly homologous, but a large
 

value of the difference index is observed because the C-peptide is
 

removed from the proinsulin molecule as a post ribosomal modification.
 

hen egg lysozyme and bovine lactalbumin provide another such instance.
 

In this case, get'e duplication and divergent evolution to different functions
 

provides the explanation for the large difference index observed.
 

If the amino acid composition of P5 1 is correctly reconstructed from
 

the amino acid compositions of the subunits and the assumption of equimolar
 

ratio is correct, then the difference index should be small for P5 1 : P5 1Reconrt.
 

This is the case, as shown in Table 4, and is added confirmation of the pro

posed stoici'ometry for P5 1.
 

As reported elsewhere (Dieckert and Dieckert, 1975; Dieckert and
 

Dieckert, In Press) apparently only a few solutions to the problem of
 

storage of organic nitrogen by developing seeds have survived the
 

evolutionary selection process. It is of interest, therefore, to see if
 

P51is homologous to aleurins from other species of higher plants. The
 

results of comparing the amino acid composition of P5 1 with selected
 

aleurins from other species of higher plants is given in Table 4. Clearly,
 

P5 is similar in amino acid composition to legumin from V. sativa and
 

V. faba, glycinin from G. tax, arachin from A. hypogaea and two unnamed
 

aleurins from cottonseed.
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Legumin, glycinin, arachin and P5 1 seem to be of the (A • B)n
 

type stoichiometry (Dieckert and Dieckert, In Press). 
 A pairwise
 

comparison of P2 0 
and P30 from coconut endosperm with the subunits of
 

the legumin type protein is interesting (Tables 5 and 6). By the Metzger
 

criterion for homology P2 0 is homologous to A (V. sativa), 8 (V. faba)
 

and P2 3 (A. hypogaea). Similarly, P30 is homologous to 
B and C (V. sativa),
 

a (V. faba) and P4 3 (A. hypogaea).
 

The s4.milarities in tha ultrastructural patterns associated with
 

production and segregation of The storage proteins in a range of species
 

of plants that are phylogenetically quite differentand the similarities
 

in the amino acid composition of key aleurins from each, lend additional
 

support to the present interpretation of coconut seed proteins and their
 

biosynthesis and sequestration in vacuoles.
 

Effects of Water Stress
 

A natural experiment on 
the effects of water stress on the production
 

of solid endosperm is repeated yearly on the coconut palms on St. John Island.
 

The hypothesis is made that water stress at key times in the flower and
 

fruit development cycle severely limits the production of solid endosperm.
 

The most sensitive phases are related to periods of maximum active growth
 

of a tissue or organ. Relevant date presented in earlier reports and newly
 

acquired data are pooled and presented here in support of the water stress
 

hypothesis.
 

First, some preliminary matters must be considered. Three coconut
 

palms located in environnentally different sites 
on St. John Island, American
 

Virgin Islands, received detailed attention over a relatively long period
 

of time. 
 Palm 18 and Palm 42 grew under essentially natural coL.ditions and
 

did not receive any cultural attention. Palm 18 is located just above the
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high tide mark on a narrow coral sand beach at Little Cinnamon Bay. Its
 

roots are shallow and have ready access to water from the Atlantic Ocean.
 

Fresh water to the roots comes from direct rainfall or run-off from the
 

A modest stream of surface or subsurface water
mountainside above it. 


pours through the root zone after heavy rains. The action of tide and
 

waves probably modifies the salinity of the water in the root zone. Palm
 

42 is located at the 80' contour on the mountainside above the beach at
 

Little Cinnamon Bay. Its roots are partly covered by an asphalt driveway
 

and the earthen fiil beneath it. Rainwater retained by the soil under the
 

driveway and neighboring areas seems to be the main source of moisture for
 

the palm. The hillside is steep, thus any water run-off is rapidly lost.
 

Caneel Bay Palm 2 is located about 1 3/4 miles to the west of Little
 

Cinnamon Bay on the grounds of the Caneel Bay Plantation. This palm grows
 

at the margin of a reclaimed salt pond. An experienced horticulturist
 

takes care of the tree. It receives water, fertilizer and protection from
 

insect attack. When the soil in the root zone becomes waterlogged, a sump
 

pump is used to help remove excess water. All three palms are of about
 

the same age and produce inflorescences regularly.
 

Tagging records for the inflorescences on Palm 18 and 42 showed
 

large variations in the interval of time between the opening of the spathes
 

of successive inflorescences. Each palm produced a new inflorescence for
 

each new leaf, as indicated by the constant angular spacing 
of about 1440
 

between the inflorescences. The average time elapsed between the opening
 

of successive spathes for Caneel Bay Palm 2 from day 164, 1974, to day 300,
 

1974, was 23 days. The interval was 42 days for palm 42 for about the
 

same period. It might be thought that the two palms inherently produce
 

inflorescences at quite different rates, but this is not the case. A long
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series of observations were made on the average length of time between
 

the opening of successive inflorescences on Palm 42 and Palm 18. The
 

results are shown in Table 7. The average time elapsed between spathe
 

openings varies from 28 to 42 days for Palm 42 and from 26 to 47 days for
 

Palm 18. The average intervals for Palm 18 and Palm 42 are similar for
 

a given calendar period of time.
 

Early in the project it was shown that the size of the mature
 

coconut and the quantity of solid endosperm per mature seed varied greatly
 

from inflorescence to inflorescence for .individualpalms. The weight of
 

endosperm per seed ranged from about 125 g to 326 g. The variation within
 

coconuts taken from a given inflorescence was much less. The variation
 

was so great that efforts to obtain growth curves for the solid endosperm
 

were frustrated. An equation was discovered that adequately relates size
 

parameters of the coconut seed to the quantity of endosperm produced ar
 

maturity by a given seed. The equation was established from data gathered
 

for Palm 18. The agreement between the observed values and the calculated
 

values for Palm 18 is illustrated in Figure 1M. The solid line is for
 

perfect correlation. Each data point was for a single coconut and no
 

coconuts taken were excluded unless they were clearly defective. One
 

coconut was excluded because the endocarp failed to close at the proximal
 

end (a split) and a mushy hyperplasia of the endosperm developed. Coconuts
 

from 12 inflorescences of Palm 18 with spathe opening dates from 316, 1970,
 

through 79, 1972, are represented. The same equation was applied to coconuts
 

from Palm 42 and Caneel Bay Palm 2. The comparison of the observed values
 

and calculated values is given in Figure TI. The correspondence is very
 

good, but Caneel Bay Palm 2 produced slightly more endosperm per seed than
 

expected, and Palm 42 seemed to produce slightly less.
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As pointed out earlier in this report, the growth of the ovule is
 

almost completed by the time the solid endosperm is in the rapid growth
 

phase, and the shape parameters of the ovule are fixed. From these facts,
 

and the equation mentioned in the last paragraph, normalized growth curves
 

were constructed for the endosperm of Palm 18, Palm 42 and Caneel Bay Palm 2.
 

The ratio of the observed fresh weight of solid endosperm to the calculated
 

value for the mature seed was computed for each coconut. The average value,
 

Eo/E, for each inflorescence was then plotted as a function of the age of
 

the inflorescence as measured from the estimated calendar day of spathe
 

opening. The resultin4 normalized growth curves for the endosperm of
 

Caneel Bay Palm 2, Palm 18 and Palm 42 are given in Figures 12, 13 and 14,
 

respectively.
 

The normalized growth curves for the endosperm of the three palms
 

do not superimpose and in the case of the graphs for Palms 18 and 42 the
 

values for the ratio E /Ec do not cluster tightly about the graph. The
 

graph for Caneel Bay Palm 2 is based on coconuts collected May-June, 1974,
 

and November-December, 1974. Three sets of data collected in February, 1972,
 

September-October, 1972, and April, 1973, were used for the growth curve
 

for Palm 18. And, two sets of data collected in October-November, 1973,
 

and May-June, 1974, were used to develop the growth curve for the endosperm
 

of Palm 42. The important observation here is that the calendar time
 

period of major endosperm growth for coconuts of a given inflorescence is
 

variable for each palm. That is, depending upon when the spathe opened,
 

the endosperm from the associated coconuts grows maximally at different
 

seasons of the year. One might expect that environmental factors that vary
 

with the seasons will affect the growth of the solid endosperm. It is
 

interesting that the growth curve is shifted to left for the managed palm,
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Caneel Bay Palm 2. The normalized growth curves indicate that the
 

endosperm achieves maximum fresh weight about 365 days post spathe opening.
 

A pe-riodic function is obtained if the average of the calculated
 

weights of the endosperm produced per seed for a given inflorescence Is
 

plotted as a function of the day the spathe opened (Figure 15 for Palm I".,
 

Figure 16 for Palm 42). Averages of the observed mature weight of endosperm
 

per seed for a given inflorescence follows the same pattern. The calculated
 

values were used so that most of the immature coconuts could also be used
 

for the study. The graphs tend to repeat themselves on a calendar year
 

basis, but not exactly, This type of response suggests a seasonal
 

environmental variable that does not repeat itself very well. The fact
 

that the effect was largely abolished for Cancel Bay Palm 2, which
 

received water regularly, suggests that rainfall is the variable of
 

primary importance.
 

The rainfall in the American Virgin Islands is known to be
 

unevenly distributed over the year. January through May tend to Se dry
 

and June through December tend to be wet. Figures 17 through 21 give the
 

monthly rainfall records for St. John Island for the period of the
 

present study. Each value is the average of the monthly rainfall
 

reported for Cruz Bay and Cancel Bay Plantation. The former is maintained
 

by the Virgin Islands National Park and the latter by the Cancel Bay
 

Plantation. A comparison of the rainfall distributions shows that the
 

general pattern of rainfall was as I have indicated -- dry the first five
 

months and wet the last seven months. However, the variations in the
 

distribution for 1970 through 1974 were great.
 

It is of interest to see if the observed variations in time interval
 

between the opening of successive spathes, variations in the size of the
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mature ovule and, consequently, the quantity of endosperm produced per
 

seed at maturity, and the variations in the normalized growth curves of
 

the solid endosperm can be correlated with variations in rainfall.
 

It was not feasible to measure the rainfall received by each palm
 

directly. Instead, the rainfall for. the area was estimated from daily
 

records maintained by the National Park Service for Lameshur Bay and
 

Cruz Bay and by the Caneel Bay Plantation at the Plantation. The records
 

for Lameshur Bay are incomplete but did serve to verify the evenness of
 

the rainfall for the island on a day by day basis. The time Interval 

covered by the study was divided into consecutive 10 day intervals, and the 

rainfall for each 10 day interval was determined for the Cruz Bay and 

Caneel Bay Stations. The averages of the corresponding values for each 

station were plotted as functions of the corresponding calendar intervals 

to give the rainfall historams shown in Figures 22 through 26. These 

were used to estimate the rainfall during suspected sensitive growLh
 

periods.
 

As shown in Table 8 the interval of time between the opening of
 

successive spathes was shortest during the periods when the average 10-day
 

rainfall was the highest. The average of 26 and 28 days for Palms 18 and
 

42 compare favorably with the observed average of 23 days for Caneel Bay
 

Palm 2, which received supplemental water during dry periods. There is
 

ah anomaly for the period 85, 1973 to 294, 1973. The average rainfall
 

improved somewhat, but the average interval between spathe openings did
 

not decrease. The significance of the observation is not clear.
 

As stated earlier, the average calculated weight of fresh endosperm
 

per seed at maturity per inflorescence is a periodic function of the estimated
 

day of spathe opening for the inflorescence (See Figures 15 and 16.
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The function does not repent itself exactly year by year. 
There is,
 

however, a correlation between the total rainfall for the estimated period
 

of maximum growth of the ovule and the average fresh weight of endosperm per si.d
 

produced at maturity for the corresponding inflorescence, as shown in
 

Tables 9 and 10. The calendar period when the ovules of a given inflor

escence grew from 10 % to 90 % of maximum, the central 100 days, was
 

estimated (Figure 11) 
to begin about 84 days after the spathe opened and
 

to end 100 days later. The estimated total rainfall for the central 100
 

days for each inflorescence was obtained by summing the 10 day rainfall
 

values of the rainfall histograms for the nearest corresponding period.
 

These are the rainfall vclues reported in Tables 9 and 10.
 

A family of fortuitous experiments were in effect for Palms 18 and 42.
 

The data are grouped so that inflorescences that opened on about the same
 

calendar day, but in different years, are near neighbors in the tables.
 

Except for a few cases the higher the rainfall for the central 100 days of 

ovular growth, the higher the average endosperm weight calculated for the
 

coconuts of the inflorescence. At first glance this 
is rather surprising,
 

since no account is taken of the distribution of rainfall within the
 

central 100 days of growth or of the period preceding it. When the
 

rainfial is not evenly distributed over the central 100 days or the time
 

immediately preceding it, 
anomalous growth is expected. The apparent
 

anomalies marked in the 
two tables can be explained qualitatively on this
 

basis.
 

The inflorescence of Palm 18 that opened 231 1972, produced
 

smaller coconuts than expected. The 84 days preceding the central 100 days
 

was much dripr than the corresponding period for the inflorescence opening
 

236, 1971. The dry preperiod for the inflorescence opening 231, 1972,
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probably resulted in a dilution of the fresh water lens of Palm 18 with salt
 

water from the Atlantic Ocean, thus reducing the water quality of Palm 18
 

during the early phase of fruit development. In addition, over three inches of
 

rain, occurring in the central 100 day growth period of the ovules, fell
 

in.one 10 day period. The rainfall was more evenly distributed for the
 

central 100 day period for the inflorescence opening 236, 1971. The last
 

effect caused the effective rate of rainfall for the period to be smaller
 

than the total would indicate. A similar argument can explain the second
 

anomalous result for Palm 18. Long dry periods seem to deplete the lens
 

of fresh water feeding the roots of Palm 18, and heavy rains accompanied
 

by extensive run-off seem to augment it. The latter was observed to
 

happen for Palm 18 during the heavy rains of November, 1974. A small
 

stream that flowed for several weeks bathed the root zone of the palm
 

during this time.
 

The coconuts of Palm 42 showed a similar correlation between the
 

rainfall during the central 100 days of growth of the ovule and the average
 

value of the fresh weight of the endosperm calculated for the fruit of
 

the corresponding inflorescence (Table 10). Two of the inflorescences
 

that opened in 1974 produced less endosperm than expected based on rainfall
 

for the central 100 day growth period. Drought was severe during the
 

first 84 days preceding the central 100 day period, for five of the 10-day
 

intervals registered essentially no rain. Most of the rainfall for the
 

central 100 day growth period came in the last half of the period. There
 

was a better distribution of rainfall for the inflorescence opening 88, 1973,
 

but here the rainfall for the 84 preceding days was erratic. Almost 50
 

days in this interval went without significant rain. The rainfall
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distribution for the critical growth period for coconuts was better, and
 

so was the average calculated value for the frest weight of the endosperm
 

at maturity than the one opening 50, 1973. A similar rainfall pattern
 

prevailed for the inflorescence opening 121, 1974, The first 40 days of
 

the central growth period and most of the preceding 84 days were under 

drought conditions. Most of the rain fell in the last 60 days of the cen

tral growth period of the ovule. The totality of circumstantial evidence
 

clearly shows that water stress during or immediately preceding the central
 

100 day growth period of the ovule will severely reduce the size of the
 

ovule and, consequently, the fresh weight of the solid endosperm produced
 

per seed. This conclusion is strengthened by the observation that Cancel
 

Bay Palm 2, which received supplemental water during dry periods, did not
 

show the effect. 

The data on the direct effect of water stress on the growth of 

the solid endosperm is limited but unequivocal. As shown in Table 11, the 

percentage of the expected growth of the endosperm achieved is less during 

periods when the rainfall for the interval of active growth of the
 

endosperm is low than when it is high. This explains the failure of the
 

data points to cluster more closely about the normalized growth curve for
 

Palm 42 and the apparent shift to the right of the normalized growth
 

curve of Palm 42 with respect to that for Cancel Bay Palm 2. Endosperm
 

from coconuts from Palm 42 grew at almost the same rate as that for Cancel
 

Bay Palm 2 when the average rainfall per 10 day period was the highest. The
 

normalization process does not take into account the effect of water stress on
 

the growth rate of the solid endosperm. This effect probably accounts for
 

some of the variation between the observed and calculated values of the
 

fresh weight of solid endosperm achieved at maturity, as noted in Figures
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10 and 11. Since the coconut seed proteins are synthesized during the
 

period of active growth of the solid endosperm, the quantity of protein
 

per unit of fresh weight of endosperm will almost certainly be affected
 

adversely by water stress during this period.
 

Evidence of the same kind shows that the overall growth of the
 

fruit is affected similarly by water stress. Taken all together the
 

evidence shows that water stress greatly reduces the productivity of the
 

coconut palm when it occurs during periods of active growth of tissues
 

associated with endosperm production. The time elapsed between the opening
 

of successive inflorescences (time of spathe opening) increases with
 

water stress. The ovule and other tissues of the fruit are stunted when
 

drought occurs during the time they are growing rapidly.
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Figure 1.
 

Crystalline protein deposits in coconut endosperm.
 

a. Vacuolar protein crystals (PC) in cell of coconut endosperm at
 

cooked egg white stage. X 10,000.
 

b. Uphasic protein deposits, showing protein crystals (PC) bounded by
 

amorphous protein, present in vacuole of cell of rubbery endosperm.
 

X 15,750.
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Figure 2.
 

Protein digestion experiment.
 

a. Coconut cell at cooked egg white stage containing protein crystal (PC)
 

which has not been treated with the protease.
 

b. Serial section of the same cell which shows the results of the
 

protease treatment on the protein crystal. X 17,500.
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Figure 3.
 

Cooked egg white stage of coconut endosperm showing linear array of
 

ribosomes characteristic of the rough endoplaamic reticulum (RER).
 

X 69,875.
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Figure 4.
 

Coconut endosperm; "cooked egg white" stage.
 

This portion of a cell from the cooked egg white stage of coconut
 

endosperm shows a dietyosome (D) actively engaged in packaging 
the
 

protein into Golgi vesicles (GV) for transport to the vacuole, where it
 

X 127,500.
will be deposited as vacuolar protein (VP). 
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Figure 5.
 

Rubbery endosperm of coconut, showing a dictyosome (D) with protein in
 

its flattened vesicles, also protein-containing granules (G).
 

X 107,500.
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Figure 6.
 

Coconut endosperm at the rubbery stage.
 

This electron micrograph shows a dictyosome (D) containing protein.
 

X 192,500.
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Figure 7.
 

Coconut endosperm: rubbery stage.
 

This enlarged view of a dictyosome (D) shows protein within some of
 

its Golgi vesicles (GV). X 107,500.
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Figure 8.
 

Cooked egg white stage of coconut endosperm, demonstrating results of
 

protease experiment. Serial sections.
 

a. Portion of endosperm cell which has not been treated with protease,
 

showing presence of vacuolar protein (VP), a dictyosome (D) and
 

granules 	(G) containing protein. X 45,500.
 

Serial section of some cell which has been treated with protease,
b. 


showing the digestion of the protein from the dictyosome (D), granules (G),
 

and the vacuoles (VP). X 45,500.
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Figure 10 
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Figure 11
 

COMPARISON OF PREDICTED AND 
OBSERVED FRESH WEIGHT OF 
ENDOSPERM FROM MATURE
 

EO g INDIVIDUAL COCONUTS 

0 Palm 42 

340- Caneel Bay Palm 2 

A 

300-
A 

260

220

line of
 
180- correspondence
 

140

100 140 180 220 260 300 340 
ECg 



x 

N OP.MALIZED GROWI TH CURVE 

FOR SOLID ENDOSPERM OF 

cCANEEL BAY PALM 2 

1.0

0.8-


E

E- 06
 

'-4 EM 0 

Collection 

0.4- period: 

0 Nov.-Dec.,1974 

0.2- 0 May-June,1974 

130 1.70 210 2 50 290 330 370 410 
Age at harvest 



Figure 13 

NORMALIZED GROWTH CURVE 
FOR SOLID ENDOSPERM OF PALM 18 

C.' 

C. 00g00 o 

0.8-
E 

CI -4 0.6 

0 
•0.4-

Collection period: 
0.2- 0 0 Feb. 1972 

C Sept. 1972 

0 . 0 Apr. 1973 

130 170 210 250 290 330 370 410 450 490 
Age at harvest 



NORMALIZED 

FOR SOLID 

Figure 14 

GROWTH CURVE 

ENDOSPERM OF PALM 42 

1.0 - 0 0 

0.8-
Om84 0 

E 

EM 0.6

0.4

0.2-

03 
130 170 

0 

210 
Age 

250 
at 

Collection period: 

0 Oct.-Nov., 1973 

0 May -June, 1974 

8 5 I 
290 330 370 410 450 

harvest 



Figure 15 

ENDOSPERM WEIGHT AS FUNCTION 

OF DATE OF SPATHE OPENING - PALM 18 

340

x 
*-H 

cC 300

260 

220

180O 

140-1 01970 

0 1971 

11-I 1972 

0 40 80 120 160 200 240 280 320 3i 
Date of spathe ooe ning 



Fi.. .e 1' 

ENDOSPEPRM WEIGHT AS FUNCTION 

OF DATE OF SPATHE OPENING PALM 42 

240

40 

200

'M,g 160

-. O4 

120

80
0 1972 

40 19734 
40-~ 1974 

40 80 120 160 200 240 280 320 360 
Date of spathe opening 



20-

18-

MONTHLY 

TOTALS 

CANEEL 

RAINFALL 
-141-

FOR 

BAY , 1970 

Appen ix M ag' 

F I 

46 

16

14 

12-

I0

8 

6-

4

2-

I I I 'I J J AI IJ F M A M'J J A SO0N'D
 



-142- Appendix M, Page 47 

Figure 18 
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Figure 19
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Figure 21
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Table 1 

AMINO ACID COMPOSITIONa OF P51 AND SUBUNITS P20 AND P30
 

Mole Z b 
Amino Acid 


c ns t"
 P51 P20 P30 P51re o


Lys 2.53 4.08 2.21 2.96
 

His 1.22 1.09 1.28 1.20
 

Arg 11.97 11.37 12.19 11.86
 

Trp 0.45 0.36 0.41 0.39
 

Asp 9.24 9.57 9.72 9.66
 

Thr 4.38 4.96 3.71 4.21
 

Ser 7.29 7.47 7.76 7.64
 

Glu 16.54 12.82 19.59 16.88
 

4.26 4.70
Pra. 4.42 4.99 


Gly 7.95 8.41 7.93 8.12
 

Ala 6.30 7.12 5.74 6.29
 

1/2 Cys 1.47 0.39 0.92 0.71
 

Val 6.74 7.61 6.04 6.67
 

Met 2.15 2.]5 0.97 1.44
 

Ile 4.11 5.42 3.14 4.05
 

Leu 6.89 6.86 7.20 7.06
 

Tyr 2.62 2.63 2.39 2.49
 

Phe 3.62 3.41 3.80 3.64
 

a Analysis by the method of Liu and Chang, J. Biol. Chem.
 

246: 2842-2848, 1971.
 
b All values are corrected for degradative losses and
 

incomplete hydrolysis.
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Table 2
 

METZGER INDEX FOR COMPARING PROTEINS 

Difference 	Index CD.I.)= E A~ BiBi---1 

2 

Ai and Bi = 	 The mole % of the ith amino 

Acid in Protein A and B. 

D. I. = 0 if A and B are identical and 

100 if A and B have no Amino acid 

in common, 

References 	 Metzger et. al.
 

Nature 219 1 1669 1968.
 



TABLE 3 

DIFFERENCE INDICES FOR SELECTED SYSTEMS OF PROTEINS
 

SYSTEM D.I. 

a 
P68 68 1.03 
FUNCTIONALLY UNRELATEDb 15-40
 

TRIOSEPHOSPHATE, DEHYDROGENASE, MAN : E. COLIb 7.5
 

LIGHT CHAIN : HEAVY CHAIN, IGb 7.4-11.5
 

BOVINE CROTONASE : CLOSTRIDIAL CROTONASEc 8.4
 

TRYPSINOGEN : CHYMOTRYPSINOGENb 13.8
 

d -CHAIN :.-CHAIN, HEMOGLOBINb 13.9
 

PORCINE INSULIN : PORCINE PROINSULINd 
 19.3
 

HEN EGG LYSOZYME : BOVINE LACTALBUMINb 22.6
 

Data drawn from: aDieckert and Yu (Unpublished); bMetzger et al.,
 

1968; Cwaterson et al., 1972; dChance et al., 1968.
 



TABLE
 

DIFFERENCE INDICES FOR SUSPECTED HOMOLOGUES OF COCOSIN P5 1
 

FROM COCOS -UCIFERA L. 

SYSTEM D.I.
 

P5 1 (51,100) COCOSINa: C1,8(60,800) VICIA FABA 9.04 

P5 1 (51,100) COCOSIN : A B (61,900) VICIA SATIVAC 10.03 

P5 1 (51,100) COCOSIN : A C (56,300) VICIA SATIVAc 10.05 

P5 1 (519100) COCOSIN : GLYCINIH (59,500) GLYCINE MAXd 11.76 

P5 1 (51,100) COCOSIN : P6 8 (66,700) ARACHIS HYPOGAEAe 12.45 

F5 1 (51,100) COCOSIN : P0 (399842) $OSSYPIUM HIRSUTUMa 9.68 

P51 (51,l00) COCOSIN : P54 (539500) GOSSYPIUM HIRSUTUM8 11.28 

P5 1 (519100) COCOSIN : COCOSIN RECONSTRUCTED (51,125)
a 2.06 

Raw data from: aWallace and Dieckert (Unpublished); bWright and
 

Boulter, 1974; CWeintraub and Tuen, 1971; dCatsimDoolas et al.j
 

1 9 7 1 ; eyu and Dieckert (Unpublished).
 



Table 5 

00 

COMPARISON OF P20 OF COCOSIN FROM COCOS NUCIFERA L. WITH SUBUNITS 

x OF LEGUMIN-TYPE PROTEINS OF OTHER SPECIES 

r SYSTEM 

P20 (20,300) COCOSINaD A (24,300) VICIA SATIVAb 

D.I. 

13.37 

P20 (20,300) COCOSIN z B (37,600) VICIA SATIVA 

P20 (20,300) COCOSIN u C (32,000) VICIA SATIVA 
P20 (20,300) COCOSIN 0 (23,800) VICIA FABAC 

14.55 

18.24 

13.41 

7-420 

S20 (20,300) COCOSIN 

1' (20,300) COCOSIN 

P20 (20,300) COCOSIN 

dc (37,000) VICIA FABA 

* P (23,600) ARACHIS HYPOGAEA 
*23 

P43 (43,100) APACHIS HYPOGAEA 

15.90 

13.67 

21.05 

Raw data from: 'Wallace and Dieckert (Unpublished); bweintraub and 

Tuen, 1971; CWright and Boulter, 1974; dYu and Dieckert (Unpublished). 



Table 6
 

COMPARISON OF P30 OF COCOSIN FROM COCOS NUCIFERA L. WITH SUBUNITS
 

OF LEGUMIN-TYPE PROTEINS OF OTHER SPECIES
 

D.I.SYSTEM 

P30 (309900) COCOSINa: B (379600) VICIA SATIVAb 9.84
 
P30 (30,900) COCOSIN : C (32,000) VICIA SATIVA 13.22
 

(30,900) COCOSIN : A (24-,300) VICIA SATIVA 17.86
P3 0 


P30 (30,900) COCOSIN : d (37,000) VICIA FABAc 10.99
 

(30,900) COCOSIN :.8 (23,800) VICIA FABA 18.04
P3 0 

P30 (30,900) COCOSIN : P43 (439100) ARACHIS HYPOGAEAd 12.40
 
P3 0 (309900) COCOSIN : P23 (23,600) ARACHIS HYPOGAEA 15.97
 

(209300) COCOSIN 10.27P3 0 (30900)COCOSIN : P2 0 


Raw dati from: aWallace and Dieckert (Unpublished); bWeintraub and 

Tuen, 1971; Cwright and Boulter, 1974; dyu and Dieckert (Unpublished). 
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Table 7
 

AVERAGE TIME ELAPSED BETWEEN OPENING OF
 

SUCCESSIVE SPATHES
 

Period Days 

Palm 18 Palm 42 

200(1970)-1(1971) 28 

219(1970)-7(1971) 26 

1(1971)-182(1971) 36 

7(1971)-168(1971) 40 

182(1971)-8(1972 32 

168(1971)-48(1972) 35 

8(1972)-262(1972) 36 

48(1972)-272(1972) 37 

262(1972)-88(1973) 38 

272(1972)-100(1973) 39 

88(1973)-280(1973) 38 

100(1973)-287(1973) 47 

280(1973)-121(1974) 42 

287(1973)-123(1974) 40 

121(1 9 7 4) 3 30(]Q7!) 42 
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Table 8
 

TIME BEWEEN TEll' OPr*NINGRAINFALL AND THE ELAPSED 

OF SUCCESSIVE SPATIIES 

Period 	 Av. rainfall Av. interval. Ys 
10 days, in. Palm 18 Palm 42 

201(1970)-15(1971) 2.68 26 28
 

361(1970)-186(1971) 0.94 40 36
 

166(1971)-50(1972) 1.21 35 32
 

1(1972)-280(1.972) 1.06 37 36
 

261(1972)-104(1973) 0.85 39 38
 

85(1973)-294(1973) 1.21 47 38 J-

275(1973)-129(1974) 0.83 40 42
 

(-- Apparent anomaly 
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Table 9
 

ENDOSPERM PRODUCTION AND RAINFALL DURING THE PERIOD
 

OF MAXIMUM GROWTH OF OVULE FOR PALM 18 

, Rinfall, inches 
Spathe Open 


10 to 90 % 3
Day Year 


7 1971 163 9.29
 
7 1972 149 8.16
 

41 1972 175 6.80
 

47 1971 221 9.62
 

79 1972 180 9.36
 
88 1971 298 12.24
 

117 1972 206 10.24
 
128 1971 263 15.97
 

157 1972 240 10.62
 
168 1971 320 15.97
 

202 1971 314 13.31
 
231 1972 190 9.99 4-
236 1971 291 9.88
 

270 1971 257 13.14
 
288 1970 227 8.54
 

304 1971 151 12.74 r-
316 1970 232 8.99
 

338 1971 157 11.74
 
344 1970 174 11.14
 

1. 	Average for the inflorescence.
 

2. 	Average for Cruz Bay and Cancel Bay. Values
 

for corresponding 10-day periods for each
 
station were averaged.
 

3. 	The 10-day rainfall increments were summed for
 

the period during which the ovule was estimated
 

to grow from 10 to 90 % (central 100 days) of
 

maximum growth.
 

(--	 Apparent anomaly. 
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Table 10 

ENDOSPERM PRODUCTION AND RAINFALL DURING TIE PERIOD 

OF MAXIMUM GROWTH OF OVULE FOR PALM 42 

Spathe Open E g Rainfall, inches 2 

Day Year 10 -90% 3 

12 1973 156 	 7.93
 
50 1973 158 	 12.06 -
88 1.973 191 	 15.50 E-

121 (1974) 234 	 25.94 4-

126 1973 235 15.85
 
164 1973 201 12.83
 
202 1973 181 9.28
 

226 1972 209 9.99
 

242 1973 167 7.08
 

262 1972 158 5.95
 

280 1973 168 8.91
 

301 1972 158 6.24
 
335 1972 126 5.64
 

360 1973 148 6.76
 

I. 	Average for the inflorescence.
 

2. 	Average values for Cruz Bay and Cancel Bay.
 
Values for corresponding 10-day periods for
 
each station were averaged.
 

3. 	The 10-day rainfall increments were summed for
 
the period during which the ovule was estimated
 
to grow from 10 to 90/ (central 100 days) of
 
maximum growth.
 

--Apparent anomaly.
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Table 11
 

RAINFALL RATE AND ENDOSPEPH GROWTH FOR PALM 42 

a L 

Day spathe Growth (Eo /E )ob(E /E dexp f % RF/IO day 
open interval 

days 

88 (1973) 85 0.38 0.50 76 1.59
 

280 (19'3) 103 0.25 0.64 39 0.68
 

50 (1973) 133 0.78 0.85 92 1.46
 

242 (1973) 144 0.62 0.91 68 0.77
 
a 

12 (1973) 167 0.94 0.97 97 1.36
 

203 (1973) 186 0.88 1.02 86 0.71
 

a Growth interval: collection date - date spathe open- 130 days. 

b (E /Ec )expected: E /Ec read from normized growth curve for thec expectedrhcure nor hco 

endosperm determined for Cancel Bay Palm 2 (Figure ). 
c f % (Eo/E c)ob X 100 

o /Ec) 
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Abstract
 

By combining SDS-gel electrophoresis with a new chilling technique
 

for visualization of protein-SDS complexes in polyacrylamide qels, a
 

process has been developed which will permit the isolation of milligram
 

quantities of pure polypeptides. Using this technique, we have isolated
 

two molecular weight classes of polypeptides from coconut storage globulin:n
 

and determined the omino acid ccmposition of each. When the two amino acid
 

compositions were suirmed on a molar basis, the result agreed reasonably wr-1.l 

with thn amino acid composition of the starting material with the exception
 

of cystir. Apparently, some contaminant from the polyacrylamide caused
 

its destructoni to be accelerated during hydrolysis.
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Introduction
 

Since the introduction of electrophoresis of proteins after denaturat.on
 

with SDS (1), the technique has been recognized as a powerful analytical tool
 

and is used extensively to determine the molecular weight of polypneptides (2,3).
 

Denaturation and wrapping of a protein with SDS, while often necessary when 

workinq with proteins insoluble in dilute buffers, severely limits the .nossi

bilitien for further fractionation. Two possibilities are hydroxylapatite 

chro i;toxgraphy (4) and procedures which fractionate on the basis of size nuch 

as gel pz-rreation chromatocraphy and qel electrophoresis. The hiqh rcro].vr.q 

powor of qel eloctrophorcsi,; makes the technique attractive an: a pr,.parat-.:,t 

procedur-. Disadvar.taies of the technique are low capacity and a problem of 

removing ultraviolet aL-sorbinc, nondializable contaminants fran thr acryl-n.:ide 
extrertn. 

Prev.iouz attempts at preparative electrophoresis (5) have r,.-ultexc in L'"e 

isolz.4oa of nano'moic quantities of ptre polyp2ptides. This is suffiiJcent for 

characLer1'i;tion studies if mic-oprocedures are used for N-teminal analysis, 

amino a,-!d analysis, and tryptic imapping. Another approach (6) is to cut out 

stai.-d banchn fi em polyacr-ylanide gels and hydrolyze qel, dye, and protein 

to determin thr amino acid com-position. The very large quantity of Emon'a 

Lelca:-,,.d durin- hydrolysi.. interferes with amino acid analyzprc which usr, Tr.

hydrirn. This cften res!ults in spreadin of the ammonia peak to a degree which 

prevents the .niantitation of the adjacent histicdne peak. Hich concentrations 

of a.nnonia will also form a precipitate with ninhydrin and stop the flow 

through the hc-atine? coils of the amino acid analyzer. In anddit'on, the prenoncr* 

of gel cor porents durina hydrolysis may alter the hydrolysis rate or cause the 

destruction of varjoUs nino acids. 

The techniques described in this paper permit the isolation of milli

gram quantities of polypeptides which allows many characterization studies 

to be conducted without resorting to microprocedures. The protein is eluted 

fro the gel. Consequently, most of the gel components have been removed 

prior to hydrolysis. The technique involves electrophoresis on (10 x 0.4 x 6.5m0) 

polyacrylamide slabs, chilling of the slabs to visualize the protein bands 

as described previously (7), cutting the bands from the slab, and extraction of
 

the protein-SDS complexes.
 

http:denaturat.on


Materials 

Coconuts were gro i. Jamaica and donated by the Texas A&M Food Protein 

Research and Development Center. Bromphenol blue and reagent grade potassium 

persulfate were obtained from J. T. Baker Chemical Co. Acrylamide, N,N4'

methylene-bis-acrylamide (Bis), nnd Comassie brilliant blue R-250 were electro

phoresis grade from Bio-Rad Laboratories. 2-mercaptoethanol and N,N,N' ,14' tetra

methylethylenndiamine (TEFMED) ware purchased from Eastman Oroanic Chemicals. 

Sodiuzm dode,,)Il sulfate (30SS) and 410, methanesulfonic acid with 0.2% 3-(2-,Unj.no

ethyl)-indole %ere sequanal grade frchi Vierce Chemical Co. Anmonium sulfate 

was enzyme grade from SchwarLz-Mann. Preparative electrophoresis was performed 

in an Ortec model 2100 electrophoreris apparatus. 

http:3-(2-,Unj.no
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Methods
 

Pre-oaration of Coconut Sto.aoe Proteins
 

Isolation of the S2-45-45 coconut isolate is suz'marized In figure I. 

The white coconut endospeL-m from mature coconuts was first extracted by 

mixing in a Waring blendor with 0.1 41NaCl, pH 7.0, S0 rMd sodium phonphate 

buffer which was 0.02%.soa.um az.de (buffer A). After centrifunation, three 

layers were present; a top lavcr of solid coconut fat, a wiiddle laver of
 

solvent w'ith dissolved co-:onut protein, and a precipitate on the bottom. The
 

top two.la,;'-2r were reiroved, and the precipitate w.s extr;act"d in a Warn'nq 

.
blender wvith 1.0 M NaCl pB 7.0, 50 nm .oliuin phosphate buffor (buf:er P). The 

sluriy was centrifuged, and the surxrntinint was brouqht- to 4L., aturation with 

aipj.oniu; .lfLte. Aftor stirrin: for twc hours at ronm tr,:m:erature, th'

slu- , i.:- " centrif*.rgd and th, precibJt,-,t.e r n.l-issovel in buffer 1. The r.c 

tein solulie.- was aan brouht- to 45% :^* ration wit:h n:-.ionntm sulfate. The 

resultiii'i precipiti.tc w;as cent,ifuqed, dissolved in buffer i, and diali:'ed 4C 

hours ncainnt the same buffer ,t 90C. This protein J:;olate was ]abr ).d !2-4.-45 

and is the -tartinq rateri a. for preparative electrcphore.as.
 

The erctrc ,-horez-f, systcm is essentially the same as that descr-bed by 

Weber and Csbo:-n (2) wth a fc',, modifications. The S2-15-45 proein :,oluuio 

was combirned with sufficient NG', SDS in water to provide five e a. r.... 

as protein on a weight banis. The mixture was inmediately placed in a !0ff4: 

water bath and incubated for five minutes. It mas then transfet red to a dial.

sis bag and dialized acainst distilled water for 48 hours. The desa'ed nro, n 

solution was fee:;e dried and dissoived in sufficient 10 mM sodium phosphate 

buffer, pH 7.2, to give a 2% protein solution. A portion of thin solution wan 

subjected to analytical SDS electrophoresis and the molecular weiahts of the 

peptides de,.emined according to the procedure described by Weber and Osborn (0 

The relative proportion of each polypeptide was determined by scannino the Coo

massie blue stained gel at (50 ni.I in a Gilford model 240 spectrophotcmneter. 

The acrylamide gels for preparative work were acrylamide of which 3%
 

was Sis (?XT, 3%C). They were prepared by combini 12.5 ml 28%T, 3%C acryla

mide stock solution, 25 ml gel buffer (0.2M sodium zhosphate buffor, pH 7.2,
 

1.OZ SDS, 0.04% sodium azide), 0.075mi TEMED, and lml of water. The solution
 

is mixed well in an ice bath and then 2.5 ml of potassium persulfate solution
 

http:electrcphore.as
http:precipiti.tc
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(10 rm/ml) is added. 24 ml of the acrylamide solution Js delivered into each
 

of two Ortec slab gel molds. The acrylamide solution in layered with
 

sufficient isobutyl alcohol as described by Neville (8) to provide a flat
 

interface between the acrylamide and the alcohol. The acrylamide should 

polymerize within 10 to 15 minutes. Then the isobutyl alcohol is removed, the 

gel surface washed with distilled water, and layered with a 1:1 dilution 

of gel buffcr and wrater. The gels shc .ld be allowed to polymerize for one 

to two hours before they are use-d for electrophoresis. They may be stored 

for several weeks at 40 C without noticable changes in their electrophoretic 

properties. 

The asnount of protein applied to the gel will vary dependinq upon th* 

degree of separation of the protein bandn of interest. The two produminnant 

polypeptides in the S2-45..45 coconut isol.ate are sufficiently separated to 

allow 5 mg of protein to be ap.lod to the eel. 0.25 nl of the Z $2-45-4,; 

proteir o- SDS solution is comline6 with n-'ven to eoicht crystals of sucrose, 

10)A, 1 of a 0.5% solution of broyn.henol blue rac)ina dye, and 10 )-1 of: 2-mer

captoethanol. The solution ir incubatr.d for five m.nu.e at 100 0 C. .?e have 

found that it is best to fill both the upper and lower re-servoir buffers of th,

electrophoresis apparatun befo.-e the protein is appliei The protein solution 

can then be layered on top of the acryluride gels with a pasteur pinet. 
2
Electrophoresis was for four to five houirs with a current of 20 mA per cm


of gel surface area (163 mA for the ortec system) with the anode in the bottom
 

chamber. During electrophoresis the upper cha.7-ber p4 rinses rapidly. This problc',.1 

can be controlled by changing the upper electrode buffer twice during the thre,

to four hour electrophoresis period. The lcwer electrode buffer is routinely 

used for three runs before it is discarded. In preparative work it is important 

not to mix the upDer and lower reservoir buffers since charged impurities, which 

are removed from the gel during the initial electrophoresis, will be reintroduced 

into subsequent gels after the buffers are mixed. 

After electrophoresis, the protein bands can be visualized by chilling as 

described previously (7). The gels are removed from the casting molds and 

placed on a glass chro-iatography plate. They are covered with a layer of 

Saran wrap and chilled overnight at 40 C or for several hours on cracked ice. 

The protein bands appear as white opaque areas in the gel. They may then be 

removed by cutting the gel with a razor blade, and the gel containing the
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desirr-d protein band is maccratpd by the action of a class stirrino rod on the 

side of a beaker containin the gel. Twenty 0o" more vo~urrez of 0.01% SDS in 

water is applied and the -lurry is stirred overnight at ioom tr-:rp-rature. The 

throuch natman 4;41 filter paper and t,(!rs tihrow;h a 0.,D/Arslurry is filtered 


millip.)re filter. The su..::urni tant is concentrated by frerez-e dr-yinq.
 

The protein e-tracted from the acrylamde cols was analy-zed qualitativr!ly 

by Weber and COborn's procedure of analytical qel electropihoronis (2). C-;.nti

tative analysis for orotein was by the procedure of Lowry (9) aft,r the pnr- en 

had ceen preci.pitat,,d with ten volu'ies of 10). perchloric ac.id, 1% plhophotn

stic ac3d. 

If the trcxJuct is not of desired qiiality, it may be recycled throuah the 

electroc. e..e-s procedure as shcn in figure I. We have been able to purjf,/ 

pr-ot"in-, wh4c; have : ~iblities a of two cycles 0.very mioar witm maxi:iJu 

ele:tr"ophorc:.. With 
phors::in w. nccrzzz:'v. 

the F2-45-45 cocontt isolate only one cycle of el]c',ro

Am.',no A,-id An...fis 

a 

Hlydroyzis of the 

niodficatrn of Lhc2 

polypeptides was with methanesulfe

prucedure of Liu and Chang (10). 

nic acid accordir:': I,:o 

1) A protein sample containing a minim=z of 3.6 mg of protein dissolvc.' 

in SD3 is dicliz-d ov-rnh.-lt against distilled water. 

2) The protein solution is removed from the dialysis baq and precipJtar-,d 

by the addition of 10 voh -:.s of acetone. 'T1hen it is redisoved in suffic,iat 

quantify of 10% SDS in wcLer to give a concentration of 8-15 mo/ml. 

3) A portion of this solution containing 0.8-).5 mi of protein is tri.r!;

ferred with a 100-l Han-Alton s-yrinye to each of three 1 ml ampules. 

4) Sufficient acetone is added to the ampule to make the total voltu.e 

ml. The ampule is placed in an ice bath for 1 hour and then centrifuqed with 

a clinical centrifuqe. The white protein precipitate packs well on the bottom 

of the ampule and the supernatant can be removed with a pasteur pipet. The 

precipitate is dried thoroughly over a stream of nitrogen. 

5) 0.: ml of 4N methanesullonic acid containing 0.2% 3-(2-aminoethyl)

indole is added to the ampule.
 

6) The ampule is alternately evacuated with a water aspirator and
 

flushed with nitroaen. This is continued for four to five cycles. Finally,
 

the ampule is evacuated for ten minutes and sealed under vacuum with an oxygen
 

torch.
 

I 
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7) The ampules were heated for periods of 24, 48 and 7? hours at 1100 C. 

8) After hydrolysis, the content of each ampule is removed quantitatively, 

combined with 0.5 ml of 3.5N NaOH, and diluted to a final volume of 1.5 ml. 

9) Duplicate aliquots of 0.25 ml are applied to the long aind short 

columns of a Becknan 121 C amino acid analyzer. 

10) The amino acid data is plotted as a function of hydrolysis time. 

The average values for three hydrolysis timns, the values obtained by rxtroi

ition to zero hydrolysis time, or the 72 hour data was used as considered 

appropriate. 

11) The amino acid composition data As compared by calculatinq the 

difference indicies as dencribed by Metzqer et. al. (11) and Dieckert and 

Dieckert (12). 
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Results and Discusson 

The procedure for the isolation of the S2-45-45 coconut protein i- similar 

to that for cocosin as described by Khaund (13) anJ mont likely contain'; th 

same protnins. The SDS-electrophoresis pattern and quantitative scanl of the 

gel is shown in fimure I1 and the molecular wxeicht calibration curve .11 fiqure 

IV. The isolate is dc.,'ir.ted by two meolcular weiqht clas.oce:; of polypnti.dcs 

with mcti cular : ights or 30,)000 and 19,00C as cleterminecd by 5 gl(i' ,.,ctionhoru

sis. Jn ;-4fdlton, a s&i.1 amoujL of polypr2ptidr. with ;mmolecul. wirlt. of 
51,000 .:,in pr'e-Pnt. Th- ooly!-rFtides \,.w-r, labe!(d P30 1)l and] Pi :'!" iv l" 

The i--.:5 accoznts 27.' of the pret Jin exf ractel from t..*isolate for total 

coconut. 

It i_ temptin3 to rrxiculate that tile P3 0 and P1 9 polypept",es co:nhne to 

form a 4),0,'-G dlton fvi ::,It in the native molecule. .nteprat:io:i of t.n, qucnnti

tatjve scFa of thu Coo.:'i.jO blue stained gl Lvest e relative roro-ijc:is 

of P1q:'30 to . 1:1.2.. lf thr.y w-:err present in exacl:y cqual r.olzr arotntr, 

the r-rult nhould be 1:1.58. The diffcrience in the obsei'.'-d aind ex.°ctd z,.]t1

tive pro?-,-Licon ; hr. ,due to ie inaccuracve; Jnh-:ent in the r.olecul.tr 

weight esti;ite', due !e d ffjclties .n scannrnq Ci,.. ;i;e j-lu 1U;,st1,:." 

(14) or th,'c reniqht b-: i, small ;..no 01firtcorn1itm;nat,'Y- pro,-i. which k;I, a 

molecular %wi,,r.-,t of r:.,x~n..,y 19,000. 

During pt:narativ, electroori;, the PH of t);u upp r el,.ct.rc&ie hu,.",.r, 

as V.il is the gil, wil). rise to as hinh as 10.5 to 11.0 if the upper :r'ser

voir buf .,r is not charir,.d during the run. This was first observed whcn a 

strong smell of acr ionia was de-tected from Uie gel after a run. Apparently, 

the p1 had risen hinh cr,::uqh to hydrolyne the amide groups of th* polyacrv)a

mide. Irn addition to this problem, disulfide interchange was observed in 

certain poIypptidez with cys;tine residues. It seems likely that breaking of 

certain proptide honis w.hich are highly susceptib7e to basic t,-,drolysis could 

also take place. The increase in pH would also be exp>ected to cleave sone of
 

the amides in the asparagirne and glutamine residues of the proteins. This
 

would introduce charge hetero enity and complex patterns if the purified poly

peptides were later checked for purity by a procedure such as isoelectric focus

ing. Changing the upper reservoir buffer solves the problem but a better
 

solution would be to desiqn an electrophoresis apparatus which has a large
 

buffer reservoir at both the upper and lower electrode. The Ortec design 

provides a 3 liter lower electrode buffer chamber, but the upper chamber will
 

hold only 0.75 liter of buffer.
 

http:r.olecul.tr
http:Coo.:'i.jO
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The P19 and P30 bands are well separated with 5 mg of protein placed on
 

the gel. Even the P51 polypeptide is visible after chillinq. There was no
 

problem in cutting the polyacrylamide slabs before the SDS-protein complexe,

redissolved and disappeared. However, if a large number of bands art! beinq
 

removed from a complex pattern, this may become a problem. It is possible to 

visualize the protein bands again by rechilling the gels without noticable 

changes in the patterns, provided the cel has not been left at room tLMperatur

for a long period of time. 

Table I s .arizes the cuantitative data from four electrophoretic i:o

lation experiments. One of the major problems of the preparative clectrorhnr-r:;i.L 

technique is the extacton of the protein from the qel. In these e:,<.rim.'ntn , 

the recovery was 53-73%, and the yield decreased as the airount of protr'Jn an] -d 
.to the gel increased. Figure V shows the resu.t of the qualit;,tivo ai i.yr. of 

eyxperi-,rnt 2V. 

The amino acid composition of the S2-45-45 isolate, -P30 ' and Pta 

sh wi in Table II. The PI9 + P30 data was computed by sumina th.! anoflys--. of 

P1 9 and P30 on a molar ba-;is. Calculption of the difference inlex (D.T.) |,povidr

a means of ccmj.nIring the amino acid composition of two protein!; (11,12). Th,, 

procedure is to exprezs the amino acid composition of the two proctin* i's 

mole p-ercent (r2). Then uze "-,he following formula to calculate the difforen,_' 

index.
 

[V. 1/2 Z 6.f. 

If the two amino acid co.npositions are identical, the difference index will bp 

zero. However, if the two pr6teins have no amino acids in co:%mon, the result 

will be 100. Our ex.e>-rionce has indicated that a difference index as high as 

1.5 or 2.0 may be obtained due to experimental error when duplicate analysis
 

of the samne proteins are conducted. When the P19 + P values are coMpared

19 30 

with the amino acid composition of the S2-45-45 isolate, a difference index
 

of 2.31 was obtained. Upon further inspection, it is noted that the largest
 

deviation for any amino acid is for cystine with a& M% of 1.16. If the cystine
 

data is subtracted, the difference index drops to 1.73. One possible explana

tion for the large deviation in the cystine values is that a contaminant from
 

the polyacrylamide gels increased the rate of destruction of cystine during
 

hydrolysis.
 

When the proteins which had been extracted from acrylamide gels were hydro

lyzed and analyzed with the amino acid analyzer, a very larqe ammonia peak was
 

present. However, the procedure described resulted in an anonia peak which
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remained on scale and did not result in peak spreading or the tormation of a 

precipitate in the heating coils of the amino acid analy:er. Apparuntly
 

soluble ncrylamide from the gel was responsible for the armonia peak. We arre 

now ex-T>,rir!rsting with a nunbcr of possible procedures for the removal of 

this material rom the cx-tracted protein prior to hydrolysis. 
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Table I
 
Data on four preparative electrophoresis experiments.
 



TABLE I 

I TOTAL PROTEIN 
TOTAL PROTEIN EXTRACT'ED FROM GEL 

EXPERIMENT ELECTROPHORESED P5. P30 P19  IRECOVERY 

I I mg/slab X 2 slabs 0.63 mg 0.32 n 73 % 

II 2 mt/slab X 2 slabs 1.07 n.9 0.63 rin 65 % 

III 3 r./slab X 2 slabs 0.244 n 1.31 mg 0.97 mrn 63.5 % 

IV g5/slab X 2 slabs 0.439 rng 2.32 r9 1.54 mg 52.9 % 
_I________ ___I __ __ ___I __ _t_ 
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Table II
 

Amino acid composition of the S2-45-45 coconut isolate and the
 

19,000 and 30,000 dalton polypeptides. Difference index is calculated
 

accordinq to Metzger (11).
 



TABLE II
 

AMINO ACID COMPOSITION OF VARIOUS ISOLATES IN MOLE %
 

AMINO ACID 


LYS 

HIS 

ARG 

TRP 

ASP 

THR 

SER 

GLU 

PRO 

GLY 

ALA 


112 CYS 

VAL 

MET 

ILE 

LEU 

TYR 

PHE 


P19 P30 


4.10 2.09 

1.04 1.14 


11.35 12.37 

0.363 0.427 

9.41 9.70 

5.04 3.83 

7.48 8.01 

12.89 19.59 

4.27 4.37 

8.44 7.89 

7.18 5.84 

0.265 0.803 

7.65 6.18 

2.13 0.994 

5.45 3.21 

6.90 7.31 

2.62 2.44 

3.43 3.81 


PROTEIN ISOLATE
 

P19 + P30 


2.91 

1.10 

1.96 

0.401 

9.59 

4.32 

7.80 

16.88 

4.33 

8.11 

6.38 

0.565 

6.77 

1.45 

4.12 

7.15 

2.51 

3.66 


S2-45-45 AMOLE %
 

2.48 0.43 
1.22 0.12 
11.89 0.07
 
O.407 O.C06 
9.24 0.35
 

0..6
0.14 
7.24 0.56
 
16.56 0.32
 
4.43 0.10
 
7.98 0.13
 
6.30 0.08
 
1.72 1.16
 
6.74 0.03
 
2.15 0.70
 
4.11 0.01
 
6.91 0.24
 
2.55 0.04
 
3.53 0.13
 

D.I. = 2.31 
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Figure I
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ISOLATION OF THE S2-45-45 FRACTION 

OF COCONUT GLOBULINS 

120 gm fresh coconut endosperm. mixed in blender with
 

300ml of 0.1 M NaCI, 50mM sodium phosphate
 

buffer, pH170
 

_Supernatant (SI) recipitate 

extract with 400rnl 1.0 M NaCl, 

50 mM sodium phosphae buffer, 
pH 7.0 

Supernatant (S2) Precipitate 

45% saturation with (NH4) 2 SO4 

Supernatant Precpitate (S2- '1:3) 

-dissolve in 1Orm 1.0 M NaCI, 50.iI{ 
sodium phosphate buffer, pH 7.0 

- 45% saturationwith (NH4)2SO 4 

Supernatant Preci itate (S2- 45- 43) 
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Figure II
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STRATEGY FOR ISOLATION OF SDS-PEPTIDES 

BY PREPARATIVE ELECTROPHORESIS 

Denati:ratlon of protein witih 5x SDS, 1% 2-mercapto

ethat'iol, incubate 5 min. 1000 C

'I
 
Electrophoresis on olobe (102mmx3mm x 90mm) ( 

IF 
Visualization of protein bands by chilling
 

Remove protoin band an grind into small pieces
.1 
Extract with I0volumes of 0.01% SDS in H20 

Filter slurry and lyophilize filtrate 

Qualitative analysis by analytical 
SDS gel electrophoresls 

Quantitative - Store frozen at -100 C 

Lowry 

Analysis 
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Fiqur,' Ii 

Quantitative scan of S2-45-,45 coconut.juro c. Optical1 e,( 

mca-ured at 650 milli-microns on a Gilfoird mc'.,l ;'40 -. c'hot r 
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Fiqurr! IV
 

Molecular weialht calif:lN-ion curve, for SDI -1:.ir.
C,.l e'e,.i ror.hic, 
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FIGURE V.
 

Qualitative analysqis of prrarative elecLrophores.s experircnt IV.
 

StarLIn 3 material is the S2-45-45 Coconut isolate.
 



FRACTIONATION OF P5 1
 

BY PREPARATIVE SDS
 
GEL ELECTROPHORESIS
 

m
 

.1 om

starting P5 2p 3 0  P2 0 material52 3 P0 
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