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REPORT SUMMARY

1. Development of a Process for Preparation of Coconut Protein
Products for Use in Foods. Contract csd/2804.

2. Project Coordinator: Karl F. Mattil:; Principal Investigators:
Carl M. Cater, J.W. Dieckert, Robert D. Hagenmaier, Food Protein
R&D Center, Texas Engineering Experiment Station, Texas ASM
University, follege Station, TX 77843,

3. Contract period (as amended): 7-1-70 to 6-30-75.
4. Period covered by report: 7-1-70 to 6-30-75.
S. Tetal AID funding of contract to date: $6C0,031.00

6. Total expenditures and obligations from inception to Hh=-30-74:
$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: the expeller process,
the dry and solvent cxtraction process and the aqueous process, have
been investigated along with the procassing economics and the poten-
tial marketability of the products of each process. The food use
potential of the derived protein products have heen investipated
and the information has been widely disseminated. Selected scientists
and engineers from coconut producing countries have reccived training
in the general techniques of oilseed processing and in the processing
of coconuts for the recovery of food protein products. Of the proc-
esses evaluated, the one which has shown the greatest potential for
early commercialization is the aqueous process for the simultaneous
recovery of coconut oil and food grade protein products from fresh
coconuts. Several conginecering consultants appointed by USAID
intensively reviewed the aqueous process and declared it to be
technologically feasible. As a consequence, the povernment of the
Phillppines has funded a pilot plant which is currently in successful
operation under the direction of a member of our staff. Representatives
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of the Philippine government and of the food industry of the
Philippines have shown a substantial amount of interest in the
product from this pilot plant. Simultancously conducted experiments
with the utilization of food grade copra have shown that this con-
cept 1s at least technologically feasible. This process is now
ready for field demonstrations in a coconut producing country. The
results of our studies on the developing coconut show that cendosperm
production per secd and probably the protein content are functions
of environmental factors coming to bear at specified phases of endo-
sperm growth.
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A. General Background

Coconuts are an important agricultural crop in many tropical
countries, particularly the Philippines, Indonesia, Thalland and
Sri Lanka. Like other oilsgseeds, the coconut is frequently proc-
cssed for oil alone with the oilseed meal not finding use in human
food. The consequence is a waste of a food resource. In the
coconut producing countries, large segmentsof the population con-
sume diets which are (aadequate in protein. It is generally
believed that if their diets could be improved by supplying tow cost
nutritious protein foods their total quality of life could be
moderately to substantially improved with accumulative bhenefit 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 indigenous crops
it would ¢ffect an improvement on their import-export balance while
producing new industries and new income for their pcople.

Coconuts are ccmmonly 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 action.
The copra is pressed and/or extracted to recover crude coconut oil
and coconut meal. Because of insect and microbial infestation, 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 oll enjoys o pood
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 ot pood quality
protein which is not now available for use in foods. What is
neceded 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 Project 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 unit operations



of each of the following processes: the expelicer process, the dry
and solvent extract process and the aqueous process;

3. Evaluate the processing cconomics of the three above-
proposed processes;

4, Investigate the food use potential of the proteln 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 laboratories for product evaluation and
development work;

5. Train selected scientists and engineers from coconut pro-
ducing countries in the general techniques of oilseed processing and
in the processing of coconuts for the recovery of food protein
products;

6. Prepare selected scientists from coconut producing countrics
for the initiation of research activities on coronut processing 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 alternative,

if warranted by investigation of the unit operations.

C. Continued Relevance of Objectives

In our judgment, the relevance of the objectives have been
established beyond reasonable doubt. The orderly stepwisce approach
through the phases of fundamental scientific investigations, resolu-
tion of problems related to individual unit operations, to the final
consolidation into a continuous process has once again proven to be
the most efficient approach to the development of a new processing
technology. As a consequence of this approach, we have been able
to design at minimum expense a pilot plant for operation in the
Philippines which at the date of this report is now processing about
2,200 coconuts per day. This is about 20 times the daily capacity
of our facilities at Texas A&M University. The objective of the
production of food grade copra for conversion into food grade copra
flour by prepress solvent extraction remains relcevant but is at a
point where it must now be demonstrated to be workable under condi-
tions existing in coconut producing countries.

D. Accomplishments to Date

In 1969 the US Agency for International Development asked the
Food Protein Research and Development Centcer of Texas A&M University
to undertake the development of a process or processes {or the
recovery of food grade protein products from coconuts. Inasmuch as



this has been the objective of research projects in a number of
coconut producing countries for many years, a substantial amount of
technology had already been developed. We have sought cont inuously
to build on the knowledge and experience that have been reported
and continue to be reported finm these other laboratories. Our
investigations have followed ftour main channels: a) investigation
of the fundamental properties of coconut proteins; h) investigation
of the principle of separating the oil and protein phases by
centrifugal force in an aqueous medium; c¢) the recovery of food
grade protein products by more traditional technology based either
on the use of desiccated coconut or food grade copraj and d) an
investigation of the ultrastructurc and biochemical development of
coconut meats to provide information useful in the production,
harvesting and processing of coconuts. Our research has included
the development of fundamental information, process technology,
cconomic analyses of the processes, investigation of the food uses
of the products and efforts to move this process technology into
coconut producing countries.

The amount of work that has been done on this project has been
far too extensive to be any more than superficially covered in this
report. The detailed data have been reported in quarterly reports,
in publications in scientific journals and in theses and disserta-
tions. Copies from publications in scientific journals are appended
to this report. In the bady of the report these publications will
be referred to by letter (a, b, ¢, etc.). The dissertations and
theses are voluminous and in the main contain data that are reported
in the publications. Therefore they and the publications along
with selected other references will be referred ro in the body ol
the report by number (1, 2, 3, ctc.).

Properties of Coconut Proteins

Studies were made on nitrogen (protein) solubility of coconut
meal in aqueous media over a range of pH's. The point of minimum
solubility was found at pH 3.9 and nitrogen solubility increased
toward both the acidic and basic ranges. Coconut proteins displaved
a markedly different pH-nitrogen solubility profile in salt solu-
tions, showing minimal solubility at pH's at or bhelow threc with a
sharp rise to a maximum solubility at neutrality. Coconut meal
prepared from fresh coconuts with and without testa removed, from
parings and from a sample of sun dried copra showed comparable
solubility characteristics. However, meal prepared from commercial
desiccated coconut showed lower solubility even under acid and
alkaline conditions (pH 2 and 10). The most efficient solvent-to-
meal ratio was found to be 20:1 (v:w) for a sinple extraction, and
a two-step 15:1 process for multiple extractions. The addition of
various salts caused marked alterations in the protein solubility



profiles of coconut meal. Of the salts tested, cach had a different
effect. Osborne classification studies of coconut meal indicated

that 90% of the proteins could be classified as albumins and globulins
(1,A).

Further work showed that there are at least two classes of
globular proteins. The major fraction consists ot BA7 of the protefns
and has an average molecular weight of 150,000. This major traction
is only about 50%Z soluble at neutral pH and low salt concentration
(0.1M NaCl). Solubility is increased at actdic or alkaline ph values,
or with added salt. Solubility is conslderablv decreased by heatfog
above 80°C at pH 5.0 to 7.5. A sccond fraction, containing 14% of
the proteins has molecular weight of 24,000, This fraction remained
soluble under all conditions of pll, salt concentration and tempera-
ture. The two classes of proteins have grosslv different amino acid
patterns, with the small molecular weight fraction containing more
lysine and cysteine and less threonine and methionine., These dif-
ferences in solubility and amino acid composition have important
implications for aqueous processing and for the production of pro-
tein concentrates and isolates. It must be assumed that different
protein fractions obtained from coconuts would he expected to have
different nutritive values (2,8).

In attempts to determine the heat tolerance of coconut protein,
coconut meats and coconut meal were subjected to several tempera-
tures for varying lengths of time. Properties cvaluiated were
browning (by visual observation), odor, lysine destruction, protein
solubility at pH 2, 8 and 10.5 and nitrogen solubility index. From
the experiments it was concluded that fresh coconut meats can tolerate
up to 100°C air temperature (coconut layer temperature, 78 to £3°C)
without significant loss in protein solubility. At 110°¢ air
temperature, there is a loss of solubility at pil 2 and 8, and at
120°C protein solubility significantly decreased under all pH condi-
tions examined. There was a marked loss of lysine availabhility when
the coconut meats were heated in hat air at 120°C.  Coconut meal
can tolerate 105°C air for at least 60 minutes without significant
loss of protein solubility. At 120°C for 15 minutes or longer,
protein solubility decreased (3,€). These data combined with those
above were critical to the design of processing conditions that
could produce undenatured coconut protein products.

Eerly consideration was given to the possibility of the produc-
tion of coconut protein isolates either directly by aqueous proc=
essing or indirectly by extraction from defatted, desiccated coconut
or food grade copra meal (4,5,0D). In the case of the latter two,
several extraction and precipitation procedures were cvaluated based
upon previously deternined protein solubility characteristics. A
yield of about 63%Z of pratein isolate based on the total protein



available was obtained either by extracting the meal at pH 10.5
directly or by sequential extractions at pH 8.0 and 10.5. These
isolates had solubility characteristics and amino acid compositions
similar to that of the original coconut meal. Attempts to produce
an isolate by extraction at pH 2.0 showed that at this pH, coconut
protein 1is partially denatured causing it to have a considerably
reduced solubility in the alkaline range. Further work with
tsolates was set aside for several reasons. The principle recason
was that a cost analysis showed that isolates prepared cither by
the aqueous process or from defatted, desiccated coconut would
probably be too expensive. Further, {n 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 a2nalysis sugpested 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 ef coconut protein
isolate not be considered a closed book. As will be pointed out
later, we now believe that technology has been devcloped that
markedly increases the feasibility of food grade copra. Further,
in other rescarch in the Food Protein R&D Center, technology has
been developed for the recovery of proteins and other nutrients from
the by-product wheys resulting from the production of vegetable pro-
tein isolates under conditions that look economically attraccive.
Consequently, all of the necessary technological pieces are available
to put together a process for the production of protein isolatee
from food grade copra at an economically competitive cost. Whether
or not this ever becomes a reaiity will depend upon the potential
commercialization of food grade coprca which will be discussed in
more detail later in this report.

Aqueous Frocessing

The sclence 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 isolate 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 1s to separate the oil and the pro-
tein from the fibrouvs 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 emuision so that the
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coconut oil can be separated from the aqueous phase which contains
the dissolved protein, carbohydrates and minerals.

Resolution of the technology for the first phase proved to be
somewhat easier than we had anrticipated based on reports we had
heard from others who had worked on this process. However, separa-
tion of the emulsion proved to be more challenging. The emulsion
is quite stable and others had found demulsification to bhe a major
problem. Several methous of demulsificat lon were triced with varying
degrees of success. Mild heating of coconut milk (up to 85°C) or
adjustment of pH werc ineffectlve demulsification steps. The
effectiveness of the various treatments tried was evaluated by
centrifuging the samples for 10 miputes at 9,500 x g in a labora-
tory centrifuge.

Cooling the emulsion to crystallize the oil was found to be
effective provided the coconut milk was first concentrated by centri-
fugation to reduce the moisture content to about 25%Z. The procedure
used was to extract the milk, concentrate It by centrifugation, cool
to about i0°C, warm to about 30°C and then centrifuge. This method
was not further pursued because of the amount of heat cxchange and
special equipment required for the cooling and warming steps.
However, the procedure remains a possible alternative to the method
finally adopted. The cooling method for demulsification was later
reported in the literature by another research group (6).

Another method used was fermentation which was inspired by work
reported by Timmins (7) and Puertollano, ct. al. (8). Coconut milk
was incubated without inoculation before centrifuging. Samples
incubated over night at about 45°C showed maximum separation of oil.
Samples incubated below 20°C or at 90°C did not become demulsified.
It was observed that the pH dropped to about 4.1 during successful
incubation. After incubation and centrifugation the oil phase con-
tained 94% of the oil from the coconut milk. However, demulsifica-
tion by incubation was not adopted into our final process because of
the probability of flavor problems resulting from bacterial action.
Also, to be considered is the fact that Puertollano, et. al. have
shown incubation to be somewhat unreliable in breaking the coconut
emulsion even when a known culture of bacteria is added.

The demulsification technique which was finally incorporated
into the aqueous process involves the use of shear to invert the
stable oil-in-water emulsion into an unstable water-in-oil emulsion,
which can be separated by gravity or by centrifugation. The emul-
sion as recovered from the cream separator contains about 35%
moisture and agitation will not break this emulsion. [t was found
necessary to reduce the moisture contert and it was determined that
the simplist means to accomplish this was by the addition of coconut
0oil to the system before agitating. Laboratory scale experiments
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indicated that the moisture must be reduced to about 25% tc obtain
good demulsification (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 Figure 1 (10,Graph).
The coconuts were shelled manually and the coconut water saved for
use in processing. Washed meats were ground in a hammer mill wich
0.25 inch diameter holes in the screen, followed by grinding in a
disc attrition mill with the 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 the emulsicn (called coconut milk) and the wet solids
(called residue). The residue came from the press at 70 ¥ 10%
moisture and was dried in a rotary drier in a flow of hot alr (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 tvpe separator. The
model used develops a centrifugal force of 4,700 x g at the 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 phascs
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 achleved when the temperature was raised to about
80°C befove the agitation. After inversion of the emulsion, ofl
and water were separated by first allowing a gravity separatlion
(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 85°C and air inlet temperature of about
170°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. The residue from
the first extraction contains 467 oil on a dry weight basis. The
second residue contalins 327 oil.  The fifth residuce has its oil
content reduced to 21%Z. 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 apainst
the cost of the recovery. The gradual reduction in oil can be
rationalized by assuming that subsequent extractions remove
exposed oil globules and protein, leaving only the ofl and protein
remaining in unruptured cells; which would be 57 of the oil and 77
of the protein. However, as pointed out by Adair and Timmins (11)
it is sti111 unknown whether size reduction must be sufffclent to
break all cells, or whether globules can be leached out of larger
clusters of cells.

The dehydration and packaging of coconut skim milk powder is
made difficult by its tendency to take up water. However, this
difficulty can be avolded 1f the product s prepared as an inter-
mediate molsture concentrate with inclusfon of coconut water solids.
This concentrate has decreased shelf life, principally because of its
tendency to become dark in color (12,6). The product is stable to
microbial growth for at lcast one month. For many applications the
ceonomy gained from climination of the spray drying step would scem
to more than balance out the reduced shelf life.

Considerable work has gone into the characterization and utiliza-
tion of coconut skim milk. Spray dried coconut skim milk powder (at
37 moisture) is a hygroscopic powder that contains up to 307 protein,
77% fat, 0.03%Z crude fiber and 9% ash (13,H). This powder when mixed
with water forms an acceptable beverage with a sweet coconut taste,
It can also be used in preparation of an acceptable pudding without
the use of efther eggs or milk (1). The corrected PER is 2.0 at .
low spray dryiny temperature. However, a value of 1.5 was found
for product dried at 110°C outlet air temperature. Since coconut
skim milk is being advocated as a practical replacement in many
uses for non-fat dry milk, it is of interest to compare 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 to
the consumer.

A scecond 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 307 of the yield of coconut oil. The
composition of the residue (at 5% moisture) is S7 protein, 247 fat,
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Table 1 - Comparisonm 3f Dehydrated Coconut Skim Milk with Non-Fat

Dry Milk
Coconut
_Skim Milk NFDM

Protein

Crude Protein (2) 25 - 30% B34

Corrected PER 2.0 2.0

Limiting Amino Acid isolvucine(") sulfur runtninlnn(h)
Carbohydrate

Carbohydrate by difference 52 - 592 52%

Principal sugar SUCTOSC lactose
Fat 5 - 72 0.87
Minerals

Calcium 0.06 - 0,27 L.

Phosphorus 0.57% 0.97

Potassiumn 3.3 - 3.6% 1.K7

Sodium 0.9 - 1.4% 0n.5%

Chloride 1.6% 1.1%

1
(‘)Isoleucine is first whether based on FAO Pattern or epp values.

(b)From FAO, Amino Acid Content of Foods.
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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 value
in the residue is just about cancelled out by its characteristic of

absorbing nutrients and thereby causing them to leave the intestinal
tract undigested (14,1).

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 {f the coconuts are
pared but has a dark color i1f the coconut testa is included. To
make acceptable residue, the testa probably will have to be removed.
This cffect of testa on color is a point which will be brought 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). This
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%. 1In this analysis, the resfdue 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 industry,
it would now appear that the residuc 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 was® 0.30 per kg. The value used in appendix K was
¥ 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 Junc 1975 are higher than those shown in
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appendeix K. Petroleum products arc up about 602 and clectricity

is up 100%. Therefore operating expenses increasce about S$100,000
annually reducing the rate of rcturn from 207 to 16%. No other
major changes have occurred that should affect the economie

analysis as shown. The point should be made apain that by caleula-
tions it has been shown that the cocenut shells contain cnough
energy value to operate the entire plant. Calculations were made

on the basis of purchased energy becausce we are not vet prepared to
recommend the use of burning coconut shells as a4 fucel because ol our
lack of experlence and experimentation with this possibility.  How-
ever, this alternative should be taken into consideration in desipning
a new plant.

Samples of the coconut skim milk products produced in the pilot
plant were regularly analyzed for microbial content in order to
assure constant sanitation in the pilot plant and the safety of the
products produced for use in foods. lo addition, a study was made
of the entire process to point out those arcas where microhial con-
trol were most needed (17). 1t was found that the main source ot
contamination was the coconut shells. Coconut meats and/or water
contained few or no microorgarnisms {{ removed under aseptic condi-
tions. Spray dried and intermediate moisture concentriatoes were
produced with aerobic plate counts of less than 10,000/p. Little f
any microbial growth took place during extended storage of these
products at 21 or 35°C. Food grade products could be made vven with-
out pasteurization because the vacuum evaporator provided cnough
heat to serve as a kill step. Neither Salmonclla nor coapulase-
positive staphylococci were found in any samples.  Proper cquipment
cleaning and sanitation were essential factors in maintaining these
acceptable microbiological indexes.

Because of limitations in the facilities of the pilot plant,
it was not possible to handle the residue samples under adequate
sanitary control. As freshly produced, the wet residue had satis-
factory bacterial analyses. Therefore, in a plant properly desipned
for aqueous processing, the residue could be maintained in food prade
guality with little difficulty.

As a consequence of these activities outlined above, there has
been same 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
Untversity. It is strongly recommended that USAID continue its
support of the Philippine project until the issuc of success or
failure of the aqueous process has been resolved. Further, it s
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recommended that if the Philippine project is successful that AID
promote use of the process in other countries (however not by prolif-
cration of more pilot plants). This promotion could take the form

of supporting travel of technicians from other countries to the
Philippines and continued technical support from Texas A&M University
if necessary.

Conventional Processing (During and Prepress Solvent Extraction)

A sipgnificant amount of research effort has been dirceted toward
the science and technology of the production of coconut flour by morc
conventional processing consisting of drying the coconuts to remove
water followed by prepressing and hexane extraction to remove the ofl.
The drying step may be performed in either of two ways., The flrst is
by hot air drying as used in the desiccated coconut industrv. Use of
samples of especially prepared material (by a coconut desiceator) has
fndicated that this type of drying can be used without reducing the
solubility of the protein in the coconut meats. The other type of
drying would be the more traditional sun drying which for the purposes
at hand would have to be under sanitary conditions to produce a tood
grade copra.

Coconut flour has been produced successfully on a small seale by
at least two manufacturers in the Philippines using desiccated coconu
as the raw material. This coconut flour has been used in the Nutribun
in various nutrition programs in the Philippines. However, as vet,
no significant market demand has materialized. It appears that the
coconut flour made from desiccated coconut cannot be offered at a
sufficiently low price to make it attractive. An cconomic analysis
of coconut flour produced by the prepressed solvent extraction ol
desiccated coconut has been made based on approximately the same set
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 {t a -ather expensive substitute for s.aeat flour,

At our pretent 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 coconut,
This potentially lower cost of coconut flour from food grade copra
has provided the motivation for rescarch on this tvpe of product.
It has the additional advantage which can also be a disadvantage
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
fncentive than they now have to produce improved quality copra.
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The idea of producing a food prade copra is not new. Subrahmanvan,
et. al., reported in 1966 that by dipping coconut meats in a solu-
tion containing either a mixture of 5% sulphuric acid and 77 acetic
or a solution of 30%Z sodium carbonate would effectivelv retard micro-
bial growth during the drying stages in the production of copra (19).
However, a commercial trial with copra prepared under these condi-
tions was unsuccessful. We have shown that the dip solutions used
by Subrahmanyan, et. al., had two disadvantages. One, they reduced
the solubility of the protein and two, they toughened the structure
of the copra to the point where prepressing was made more difficult
which would cause a higher level of oil to be left in the prepressed
meal and probably slow down the throughput of the expellers.  In a
search for alternative antimicrobial dipping agents, we have found
that a solution of propionic acid appears to offer good protection
of the meats without causing subscquent problems (n processing nor
a reduction in the protein solubility (20). On balance, the optimum
level of propionic acid in solution appears to he about 67, The
propionic acid dipping effectively reduces bacteria, yeasts and molds
and prevents their growth during the drying of the copra. Food grade
copra prepared by the proplonic acid dip procedure is substantially
lighter in color than is normal copra. Further, it is ncither rancid,
moldy nor dirty. However, the propilonic acid dip is not cffective
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 ficld 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 point
of production of the coconuts and thus lower transportation costs.
It is less capital intensive and more labor intensive than the
desiccated coconut approach. It requires a lower expenditure of
energy and results in lower costs. On the other hand, there are
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 far-
sighted progressive producer cooperatives.

Coconut flour made from pared coconuts is very white. If the
parings are not removed, the flour contains large quantities of dark
specks of testa and would probably be unacceptable for use in manv
foods. However, experiments have demonstrated that as much as 757
of a first grade coconut flour free of any visible specks of testa
can be recovered from food grade copra flour hy a multi-stape alr
clasgsification process (21).



It {8 our recommendation that careful consideration be glven
by interested partices to the feasibility of the production of coco-
nut flour from food grade copra and the potential markets for such
a flour. e belleve that all of the technological components are
now available. The coconut meats can be protected from microbiological
deterforation by dipping in 6% propionic acid solution provided they
are handled {n a sanitary manner. This would preclude traditional
copra drying with 1its attendant exposure to Insccts, rodents and
birds. It would suggest the use of & simple small-scale hot air
dryer similar to the Tapahan type tlat is now being used in many
instances. This would compensate f{or the inability of the acid=dip
method to cope with the rainy season. 7This 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 the manufacturing point. [t has been demonstrated that such fond
grade copra can be prepressed under sufficiently mild conditions
neither to darken the coconut meal nor to reduce the solubility of
the protein. The prepressed meal can be solvent extracted to pro-
duce a flour containing 1% or less of oil. This coconut flour
could be sold and used as is if the apecks of testa are not objec-
tionable or could be put through an alr classificer to remove the
specks and produce a white coconut flour. This coconut flour could
also be used as a source of coconut protein {solate {f a market for
the latter were developed. We believe that a carceful cconomic
analysis would show that this is by far the least expensive method
to produce coconut protein isolate. Any progress in the direction
of producing a food grade copra flour would of necessity have to be
based on adaptive technology conducted with the full cooperation of
intercsted and progressive coconut producers. Without the full
cooperation and an active follow up by the latter, this phase of
the project could be a technological success and a practical
failure.

Biochemical and Structural Changes in Maturing Coconut Endosperm

The growth and developnent of the coconut seed and its coutent
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 {rom
the distal end toward the proximal end. This process 1s 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%Z 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 days after spathe opening.



-19-

Ultrastructural analysis shows that, except lor a few cell
layers adjacent to the seed coat, the cells of the mature endogperm
are necrotic. Practically all of the intracellular substance that
stains like protein is located in watery vacuoles with a sinple unit
membrane similar to the tonoplast. The protein in the aleurone
vacuole consists of a crystalline core surrounded bv an amorphous
layer. The lipids are non-osmiophilic and are located in tat
droplets, Lhe spherosomes, in the cell and are separate from the
aleurone vacuoles. What few plastids, mitochondria, nuclei and
other cell organelles that remain are necrotic and ohviously non-
functional. The cell walls are thick and woody.

In the early stages of growth the endosperm is poelatinous.  The
cells have active mitochondria, plastids, dictyosomes and nucled.
The cell walls arc very thin, which explains the gelatinous qualitv
of the tissue. The rough endoplasmic reticulum is not obvious, and
there are no amorphous or crystalline protein deposits in the vacuoles,
The gelatinous endosperm grows over the surface of the inner sced coat
from the distal to the proximal cnd of the ovale. 1t takes roughly 11
days for the endosperm to cover the inner surface ot the seed coat,
once the rapid growth of the endosperm starts,

After the endosperm is established on a given repfon of sewd
coat, it differentiates. The cell walls thicken, the rough endo-
plasmic reticulum proliferates, the dicrtyosomal vesicles develop
material that stains like protein and biphasic protein deposits
similar to those in the alcurone 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 sced,
The endosperm increases in thickness and characteristic changes ocear
in the consistency of the tissue. Approximateiy 105 days are
required for the conversion of the pelatinous e¢ndosperm to hard
endosperm in a given region. Ultrastructural analysis suppests that
the synthesis of reserve aleurins continues from the cooked oy,
white stage that follows the gelatinous phase of endosperm dif-
ferentiation to the early hard phase of differentiation. The process
continues for about 112 davs in a given region. The synthesis of
the reserve aleurins begins about 200 to 210 davs post spathe
opening in the distal region of the ovule and ends in 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 packaped.
There is some time overlap in the two processces.

The ultrastructural pattern of the endosperm producing reserve
aleurins s similar to that of emhryos of dictyledonous secds pro-
ducing aleurins,  Classical aleurone grains do not form in mature
voconut endosperm, however, since the latter tissue does not
desiceate with maturation. A comparison of SDS pell electrophoreto-
grams of crude protein extracts of coconut endosperm in the cooked
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cgg white and hard phases show the presence of the principal coconut
seed proteins in each. It appears that the principal reserve pro-
teins are synthesized and sequestered by coconut endosperm in
essentially the same way as in developing embryos of the dicotyledons.
It is proposed that the aleurins of the coconut ecndosperm are syn-
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 aleuronc 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.

The bulk alceurins of seeds are thought to function as a source
of organic nitrogen for the germinating embryo. In most geeds that
have been studied carefully, the number of individual reserve aleurins
is small, As pointed out earlier, ultrastructura! analysis confirms
that the principal proteins of mature coconut solid endosperm arc
aleurins. ‘There is little doubt that they serve as a nutritional
reserve for the germinating coconut emhryo. Analysis of the crude
proteins of mature coconut endosperm by SDS gel electrophoresis
shows a relatively simple pattern. Most of the protein is in three
molecular weight classes: 51,500, 30,000 and 20,500 daltons. Careful
galt 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 welght 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
the two subunits and the assumption that the starting material con-
tained equimolar quantities of each. Presumably, the native protein
is of the form (P29 * P31)n. The Metzger index was used to compare
the amino acid composition of Py * P31 with legumin type proteins
from peanuts, beans and cottonseed. Low values of the Metzger index
(D.1.<15) are presumptive cvidence that two proteins are homologous
(i.e., arise from genes with a common ancestral genc).

By the Metzger criterion the following alcurins are homo logous
proteins: P,q ° Pgy (C. nucifera); AB (legumin, Vicia satlva); AC
(legumin, V. sntiva}; af (legumin, Vicia faba): glycinin (Glycine
max); Pgy (arachin, Arachis hypogaea); and P,q (acalin B, Gossypium
hirsutum). The difference indices ranges from 9.04 to 12.45. The
amino acid composition of Pyp and Pz were also compared with the
individual subunits of the legumin type proteins. Two potential
homologous series are apparent. One consists of Pyg, A (V. sativa),
f (V. faba) and Py, (A. hypogaea): and the other series consists of
P‘l' B (V. sativa), ¢ (V. sativa), a (V. faba) and Pgq (A. hypogaea).
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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 the individual reduced subunits of Pgug from
acalin B. These values of the difference index are respectably low
when the phylogenetic distance between the coconut palm and the
other specles is considered. The apparent homolopy between Py
P3; and the legumin type aleurins lends additional support to the
coricept 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 circumstant fal
evidence is adduced supporting the hypothesis that water stress at
key times during flowering and fruit development severcly limlts
the production of solid endosperm. The most sensitive phases are
related to periods of rapid growth. Water stress during periods ot
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 47 days, depending upon
the severity of the water stress.  Such an effect can cause serious
cconomic losses. When water stress occurs during the period of
rapid ovular growth, the size of the ovule at maturity s greatly
reduced. Consequently, the quantity of endosperm produced per mature
seed is lowered correspondingly. As much as a 607 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 coconut seed protein occurs after the ovule reaches
maximum size. Water stress during this interval reduces the growth
rate of the solid endosperm and probably reduces the rate of syn-
thesis and deposition of the vacuolar proteins. The offect of water
stress on the growth rate of the solid endosperm is less dramat e
than on the growth of the ovule (MN).

E. Dissemination and Utilization of Research Results

This project has achieved wide recognition in the coconut pro-
ducing countries. One of the important vehicles for dissemination
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
publication of research results in scientific journals and distribu-
tion of reprints of the articles. The most significant of the
articles have been referred to in this repert and are appended, thereto

We have responded to numerous requests for reprints aud other
information on coconut processing and products. The most direct
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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 cperating 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
fact that the pilot plant in the first place was built at minimum
cxpensce we must concede that the progress to date has in fact been
bevond our expectations. This has been due not only to the excellence
of the leadership of Dr. Robert Hagenmaler 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 Oblipations

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

Salaries and Wapges $ 59,390,510
Fringe Benefits 3,9N4.19
Consultant Fees -0-
Overhead - 44.24% of S&W 24,151.83
Travel and Per Diem 4,271.67
Equipment, Supplies & Materials 15,095.55
Participants -0~
Other Direct Costs __3,982.75
TOTAL $110,796.49

G. Forecast

This has Deen a most satisfying research contract. Lt 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 thes¢ negative predictions.

While we can feel this sense of satisfaction from technological
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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 fcr International Development in which Texas A&M
University is now participating-under USAID contract No. FA-C-10773.
Therefore, in recognition of the rate at which businesses can move
even when highly motivated, it will be at least another three to
five years before we will know whether this project has provided
true service to mankind.
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A. 5 SAMSON S. J',I N KHAUND, C M CATCR amed 12 T MATIH
Food Protein NELY Center, Texas Eoguvwering U prosnnent Seatum

Tesas AEM Univi tarty, College Statwn, 1A 22540

EXTRACTABILITY OF COCONUT PROTEINS

SUMMARY--Studies veere made on nitrogen (protein) solubility of coconut meal in aqueous medin
over a cange of pMs. The pant of nunenum solubility was lound at pH 3.9 and nitrogen solulnhity
increased toward the acuhic and basic sides. Queconut protems displayed a markedly dillerent
pH-aitrogen solululity profile an salt solutions, shovwing minunal solubility at acidic pH's (pH « 3),
# tharp cise of solubuhity aned o maxumem at neuteality. Coconut meal prepared from fresh coconuts
with and vathout testa removed, from panngs and from a sanmple of sun-dued copra shoverd
comparabile solulility characteristhics. Hoveever, meal prepared from commercial desiccated coconut
showed low selulnhity, even under acid and atkaline conditions (pH 2 and 10). The most elficient
solvent to-meal ratio was found at 201 (v.w) for a single extraction, and o two-step 15:1 process
for multiple extractions. £ xtractions using salt solutions show that the efficiency of exitaction is
greatly dependent upen pl; cancentrations -~ 0.25M effect maximum extraction. Oshorne classili-
cation stuches of cocanut meal indicate that 90% of the proteins would be classified as albumins

and globuling,

INTRODUCTION

COCONUTS e an ndigenous product
and a major article of commerce in many
countrics of the world which are suffennp
from praotein dehicieney. A conservative
estimale, probably low, of world coconul
proaduction i the catly 1960°s gives 5.6
million tons a year, This i equivalent Lo
more than 200,000 tons ol crude proten,
only & mmmor proporhon of which s
presently being utihzed for human food
consumption (O and Adair, 1967 PAG,
1965, Teply, 1907).

The major proportion of coconults iy
converted to coconut mil and coconut
meal via copra. Commercial processes for
extracting coconut il commonly utilize
expellers ot temperatures which denature
proteins. Furthenmore, prevanling world
practice - handling coconuts for the
production ol copra are not conducne (o

further utihzation of the coconut meal
for human consumptaog,
These studies were undertaken as o

necessaty prelinnnary step to the study of
basic properties of coconul proteins in
connection with the larger objpective of
finding methods for the better utilization
of coconuts as protein-food sources. To
insure that the present work was heing
conducted on zoud quality coconut pro-
tein, care was laken 1o prepare coconut
mcal by processes not expected to de-
nalnge profeins,

Previous stidhies on covonut meal have
commuonly used meal prepared from com-
mercial coconut ol processing (Chelliah
and  Baptst, 1909 o ftom sun-died
copra (Butterworth and lox, 1963), o1

'Present address: Dept, of Chiemistry, Aten-
ev de Manila Unwersity, Loyola Heighis, Que
zon City, Phillippines,

have made use of meats dehydiated by
the apphcation of heat (Sison et al
1968). Studies by Chandrasckaran and
King (1967) suggest that enzy matic proc-
esses iy be requited for the efficient
extraction of coconut proten (from .
control value of 50- 607 1o B3%), how-
ever, they do not andicate how their
starting coconul flour has been prepaed
cxeept that it was supphed by the Ceptral
Food Technological Rescarch Institute,
Mysore, India.

EXPERIMENTAL
Preparation of coconut meal

The coconuts used were food-prade fresh o
vonuts abtuned from the wholesale marke|
Houston, Tevas. Indications are the coconuis
vame fram Central Amienica, Ay common
with commurcial coconuts, these were receved
dehushed, The meats (Keinel) are encloswd i oa
hard shell (endocarp). Between the shell and
the Lemel woa thin, brown seed coal (esia)
which adheres Gomly 1o the hernel In the man-
ufacture of desiceated coconut, the testa i e
moved by panng.

Covonut meal win prepared Tram the 1r h
cosonuls by procedures that wouald oot be o
pected to denatuee the protems
crached and the coconnt water discandod F
meals were removed frome the shell, s el
with water and then sheed nto soallor tee
ments using e Uliseliel ol Gouthizge bl
2-J-0305101 or 2K 02006000 The <hredda!
mwals (whichomcloded the testa) were dnoed un
ther vacnum at 4070 tor 20 e e mens b
content of less than 2 Fhe did mear, we
Turther commumuted by means ol the e
mall, s e i a0 lioer cottins ooy !
(2-K-0200358C or 22 K-00003000), e o b
ting by several extrag ions wath hiesane 16wl
al solvent was reamoved waith iy an

Ihe nuits s

Typical analyses o cocomnt mwal prspon o
m tos bdvon are pven an Lable 1 S e
ash, ol and cnnde Biber analyses s sl 1
stamnshard AOCS 01969 paev i s bl 1t

pives bypeal analyses ol Teesle cononng i
andd descated ven omnt mealy ans s g 1

preparation ol cewonot gooal e G b et
that the mordure comtent o the e e o
couwhbrated toa lesel ol 70 00 o s

ambient wmpeerature and bl

Extraction of protem

Eatraction of co onul proteins Hion o
nut mcal was e wat et rooes b
Tor at least Y0 man, using o solvent s 1yt o
2000 (vow) unless otherwra spediad e oo
determined pll ol oateacion was obd ool i,
addition of (AN NGO o1 008N HOY wodatieg
the pH o was rechocbed o re sdjustodd ot i
min ol stunng. Sample ase was 20y el o
solume of solution was brvght oo 10! 1y
e Bad I ks tinent N cenbotos ot o
A0 2 G Sorsall RO 18 el vatodd Conne,
Lupe b Tor 20 nn, e st band vl e ey
Hhered thaough Whatnean Lt Paper S 1 g
s e ocendent amaterad A 200l g ol
cacle extaet wan taben for miliopcn s
Nitropen was dvtermmmmed cither by g 1o byl

Table - Coconut meal Proximate analyses

Muoisture
and valatile
malterial Ol
Sample A [
Fresh meats 47.0
Desiceated
meah® 1.8 7.0
1.0 1.1
1.5 69.1
Cocenut meal AV 2.9 1.1
Coconut meal 1Y 12 4.8
Coconut meat (0 51 (4

B Iheve ate analvaes of dilfesent lols dehydeated i the freese

Protvin Crnlv
N (%N x 6 25) Al il
~ r [ by i
16 2.2 52 715
3.8 219 1.9 b
AR 21H 44 T

Coconut meals A, 1 and Coare ditferent samples, prepared Trom Ghree Doty of Toesh o T LY

obtained ot dilferen) times,
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Fig. 1-Piotean solutulity protifes of coconut

mueals prepared feom theee lots of fresh coco
nuts obtaned at defferent tones e Table 1)

dalil (AOAC, 10905 AOCS, 1969) or imcro-
Kichdahl methods (Ammceo, 1959, Miller and
Howsghton, 1915 In most the  Jdata
chown represent duplicate analyses, ising Iwae

LAy,

wamples ol gical.

RESULIS & DISCUSSION

pll-Netrogen solubiity profiles

Studhies were made on murogen (caleu-
Lated as protem using the customary 6,25
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Fuy
el an several dillerent salt soluluss af varied
pHs adpusted by the adiditins of 05N NaoOH or
0 58 HCIL

2 Prutewn solulvlity prohiles of covonut

over a range of pll's The data shown an
Fagure 1 oare Tor extracted meals prepared
from three difterent lots of coconuts Lhe
solulbulity  prohle for coconut  meal ¢
repiesents the averape ol four rephoa-
hons, the 95% conlidence hints Tor
single mean s ¢ 2 957

Lhe pomnt of least solubihity was far
ther selined by extracthions at plis 3.0,
33 3o, 39 42 s 48 oaml S0

favtar) solulabity  of watractabilgy  of - Mimmum solubihty was obtamed at pll
three coconut meals 1 aqueous media 3 [Peters (1960) found maximam pre-
Table 2 Classilication of the proteins of coconut meal according to
su_.'m’nhl'y‘ - .
Irac tions Extraction conditions ‘4ol Total N
Albunin CO, -lree water, pl1 6.7 Ju.6
Globulin 1M NaCl solution, ptl 7.0 61.9
PProlamine T0%. aqueous ethanol 1.1
Glutelin 0.240 NaOll solution 4.7
Tnsoluble residue 2 18
Nonpiolem nitrogen 1 2% sodium tungstate to
previpitate proteins 0.1
A rborne clawification.
Fable 3 Pared coconut meal and coconut parings: Proxunate analyses
Muisture
aml volaiile Protein Crude
malerial 0il N (4N x 6.25) Ash libwi
Sample % % % o f. U4
resh pared
meals 47
Fresh testa 15
Deniecated
pared mats 1.1 73.5
Desiveated
esla 2.2 54.7
Pared meal 10.6 5.2 16 225 4.2 5.6
Pelarted
8.9 3.6 1.2 0.0 2.9 121

lesla {Eucnll
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L Y s Chadhah Iaptist L1900
precipiiate covonut pretem at pll 18|

Nitrogen sodubahiby e ed o with an
I he inlle
Trop i the v s nean plE S apeeats that

vl

vyt bty o alb sty

there may be D aan protom T Lo
one soduble at pllx X o and the other at
plbias 1]

Phe codubealiry coalile o oo conut maedl
v stohnpely hittorent o salt soluteons
thage 20 I IN Nat ] wodunion there s
rather Jow olubility o the aond sude, ap
too pll b Thes s tollowesd by g steep rise
e solubility toover 070 at pll boand
moere alkaline Solubility
END Cat L deplay s a sl low solulahity
b acidie plls, followed by uph solubihity
near plbs o Anuncxphoaned decrease i
solubihty  at more alkahine plls s also
abaerved

Simnlarly, coconutl protems show low
solubility  at lower pll's dor 0 25M
Naa SO and 0 25N dhibaae sohiem phios
phate  The  pllsolulahity prabile
steeply bepmmmg at pll 3 amd geaches g
v ol almost total <olabality at pll
4 A salulubty  at muore
alkaline conditions tollow.

Fhe unegue soluhahily choaac boiedies ol
coconul have
Deen used to prepare anantene-hing solate
by extrachion an DM Nat L o0 pll 7
tollowed by preapitation at pll 2 The
prepatabion amd laractersstes ol ths and
other isodates preparad by extoas bions al
pll 2, K, 10 S ae the sulyect ol
annther mamecnpt now e prepaon,

Fhe vhissical Gubome csahication of
protems Chumd and Sandstrom, 19713), as
applicd 1o coconut meal, conbins the
solubihity data ablamed o agqueoes aml

corthibions

e

decieaswe ol

solunln

proteins an sall

anld

sl media Table 2 oamdieates 1ol over
Q0% ot the prabems an con anual e al
would o oL abiad e alhiomgn. el cloh

whins Dl conbiman toog bt te o el
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meal i different concentrations of several salls,
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g pht's )

that there as very little nonprotein nitro-
gen in coconul meal,

The solubulity curves (Fig. 1 and 2?)
were made on coconut meal which n-
cluded the testa In wddition, some coco
nut meal was prepared with the testa
removed by manual panng. The parings
were abo doed and defatted and the
solubihity profile of the proteins deter-
mined. Table 3 summanizes some propues-
ties of coconut mcal without the testa,
and also ol the coconut parings. The
pared coconut meal gave a shghtly lupgher
protein analysis than the panngs (22.8%
protein compared 1o 20 0%, 22 8% pro-
tein compared to 17,790 in another deter-
mination) The solubility curves of pared
coconut meal and of the panngs are
comparable (o those of coconut meal
with the parings

Solubility protiles ot the protemns in
meals prepared from commercial coconut
products have been obtamed, Figme 3
gives the solulwhity profile for coconut
meal obtoned by detatting commercial
desiceated coconut and sun-dried copra
prepared under o “heat tent™ The meal
from sun-dned copra pave a pH-solubility
profile comparable 1o the laboralory-
prepared coconul meal Fhat from desic-
cated coconut, however, displayed rather
low solululity ot both acidhic and  basic
pll's. The very low solululity (26%7, com-
pared (o aboutl 70 an the laboratory-
prepared meal) at pHES s also stoking.,

The behavior of commercial desiceated
coconul is very puzzhimg, masmuch as the
product s perdectly winte, Prelimunary
work done at Texas ALM University (Lo
be reported elsew here) has mdieated that
browning maght be g uselul mdication of
meipient denaturation, as shown by loss
ol solubility.  Tlns, however, does not
seem to be the case with commercial
desiceated  coconul, wineh, though pue
while, has tather poor solubility,
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Efficiency of protein recovery

Protein solubility o extractability s
not the only factor goverming elliciency
of protem  extrachion. Other vanables
such o length of time ol extrachon
mealsolvent ratio, tlemperature of extrac-
tion and the effect of added salts are also
very important,

Table 4 pives data obtained by varying
the mieal:volvent ratios, while extracting
at pll 8 in aqueous solution and pll 7 in
IM NaCl (conditions chosen s represent-
ative for aqueous and salt extraction).
The sample size for these extrachions win

Solvent meal Al "_Il 2

ratio (ml:y) % N recovered? o

51 11.9 60.9
7.5:1 25.8 62.1
10 :1 122 6.1
15.1 40.8 612
20 :1 47.1 619
251 46.6 592
30:1 49.4 62.4

extracted?®

10p. After centrifugation and pravity [il-
tration, the superatant  volinme  wis
meastired, Under these conditions, three
1o hive times the weipht of coconnl meal
(e, 30 S0p) was absorbed by the meal,
antd was not as part ool the
separable solubion, The amount not sep-
arable under practhical condinons would
vary depending upon the effliciency ol the
separation techmques used 1 he data m
Tahle 4 indhicate that a solvent meal ratin
ol 20:1 (v.w) would be the most clh
cienl, tor single extrachon,

Table 5 pives cfhicieney ol proleimn

recovered

Table 4 Elfect of solvent.meal ralio on exirabion

AUplE 7, 1M NaCL

TN recovered®

OON e et

171 95 1
3R3 10y n
516 07 4
6l 94.0
750 97 4
119 911
Kih 100

Y1he percent nitrogen extracted (or solubile) v based o the bl miltogen present it

coconul meal sample and the total volume of solvont ased Tor e xtia tam

The pervent oy n

recovered refers to that mitrogen an the separabde sopermatant extoact, s bsdiy the anmiog ol

exlract (solvent) alsarbed by the meal

Ihe dhilterenve hetween Hn
(hssolved) amd recovered represents the mitrogen o solution et ot bed sodvs nt
mitrogen recovered s the more ineful data for proce

et ol mlregren ewe w bl
Poawanl
develapment pasp

Table 5 Ellect of successive extractions with dilfizreat solvent meal

ralios

Solvent meal
ratio (ml.p)

101

-

Extraction

First
Second
Third
TOTAL
Furst
Second
TOVAL
(Thitd)
Farst
Scrond
. _1:(.1_I'M,'

Al pll 2 Arpll s
SN ecovened? N ecowened®
45 R AR
17.7 | Pdh
1.1 H.2
T0.6 4.4
655 A7
179 111
§14 Stn
5 l} I’ “
6l.} 414
141 115
754 SH 4

®lased on actual re overy of el

Table 6 - Effvct of time on extraction

T Atpll s ALpILET, M NaCl
) UNeatacted® ON evnacied®
5 SK.G6 96.9
) 9.6 9.5
10 SEA 99.0
45 9.4 9K.6
Ll ols [ {IRN1
a 0S4 4.0

"
asedd on total sulvent usel,

Table 7- Effvet of temperatuie on exia
tion®

Tempetatuie (70) N et ed

4 49.0
10 57.7
15 il §
29 71.6
52 VI
75 UM

Esulvent: 0.2M pliosplote balter, pll 10
"asedd on Lotal seldvent ueeld

- —
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extraction and recovery with multiple
cxtractions, using 10:1, 15:1 and 20:1
ratios, From these data it appears that a
two-step 15:1 extraction may be most
cfficient. Though using one step less than
a triple 10:1 extraction, the overall yield
of the two-step 15:1 is almost as high.
Compared to the two-step 20:1 extrac-
lion, it uses almost a third less solvent,
with only a small loss of efficiency of
protein recovery. The most practical ex-
traction conditions would be selected on
the basis of total process cconomics.

Other factors affecting protein
solubility

In determining the effect of fength of
time of extraction on nitrogen solubility,
it usually took at least 5 min to attain the
desired pH, and then 1S min for centrifu-
gation. Thus, the “‘time” variable em-
ployed was artificially sct as actual stjr-
ring time after the desired pH had been
attained. Table 6 indscates that maximum
nitrogen solubility is attained in 15 min
or less.

Table 7 summarizes the effect. of
temperature  on nitrogen  solubility. A
temperature increase to about S0°C in-
creases nitrogen solubility. The decrease
observed at 75° may be due to partial
coagulation of protein at the lugher tem-
perature. A similar decrease in solubility
at higher temperatures has also been
reported in studies on sunfllower seed
proteins in the same laboratory (Gheya-
suddin et al., 1970),

The cffect of various added salts on
nitrogen solubility has also been studied.
From Figure 2, giving the solubility
curves of coconut proteins under varying
pH's for different salt solutions, it is
evident that these salt solutions, except
toward the acid end of the pH scale, are
rather cffective solvents for coconul
meal.

Figure 4 sunminarizes the effect on
nitragen  solubility of several salts at
varions  concentrations, The tests were
run using the st without adyusting the
pli. In Figure <1, data next to the solubil-
iy points indicate the resulting pll at
each salt concentration,

Concentrations at 0.25M or higher of
dibasic sodmm phosphate or sodium sul-
fite extract most of the available mirogen
in coconut meal, NaCl is most efficient at
concentrations of 0.75M o1 wigher. CaCly
solutions, at 0.5M or higher concentra-
tions, effect over 0% extraction. Mono-
basic sodium phosphate, however, reaches
a maximum extraction of a little less than
60% of the available nitrogen, at concen-
trations of 0.5M or higher. This differ-
ence in solubbity could probably be
explained in part by noting the resulting
pHl's: both Na, SO, and Nay HPO, attan
1-H's on the basic side of neutral, in which
coconul protein is very soluble (as seen in
Figure 2) while Natl; POy results in pH's
between 4.6- 5.5, Perhaps by coinci-
dence, TCaCly and NaCl effect plf's at or
near”the highest points in their ptisolu-
tility profiles (see Fig, 2).

It should be noted that the very high
solubilty of coconut proteins in dibasic
sodinm phosphate and sodium sulfite is in
matked contrast to the rather poor solu-
hility of sunflower seed proteins under
similar conditions, in work dJone in the
same  laboratory  (Gheyasuddin et al.,
1970). This confirms the need to stidy
cach plant seed protein system individ-
ually and makes generalizations impos.
sible prior to actual expenmental work.
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ROBERT HAGENMAIER, C. M. CATER and K. F. MATTIL
Food Protein Research & Development Contor, Toxas A & M University, College Station, TX 77843

A CHARACTERIZATION OF TWO CHROMATOGRAPHICALLY SEPARATED
FRACTIONS OF COCONUT PROTEIN

INTRODUCTION

THE TWO CHIEF coconut producing
countries arc the Philippines and India,
both of which suffer from a shortage of
edible protcin (Abbott, 1966). In the
Philippines, almost all (Nyberg, 1968)
coconuts are dried to make copra, which
js subscquently pressed to recover the oil.
The resulting proten is encrally unfit for
human consumption.

Although the protein content of the
coconut is low {about 4/%), the quantity
of coconuts prown makes recovery of the
protein desirable. In 1905 the Philippines
proi'uced 7.0 billion prams of coconut
pro‘ein, which is estimated to be encuph
for 10g per Filipino per day. According
to the data of Abbott (1966) concerning
the prolein food supply of the Pluhip-
pines, those 10g would increase the pro-
tein supply of the Phibppines by 220

However, utilization of coconut pro-
tein for food is dependent upon the
development of a procvess wherehy both
oil and food-grade protein are recovered
from the coconut, One o/ the alternate
processes often considered 15 a provess
whereby the coconut ail and protein are
removed from the sohds as an cmulson:
the emulsion is then ceninfuged to yield
oil and proteins (Sreenivasan and Ripasek-
haran, 1967). Some additional knowledge
of the solution propertics of the coconul
proteins are important toward the devel-
opment of an aqueois Process.

Previous investigations  have cmpha-

sized classification of the coconut protein
by sclubility behavior (Samson ct al.,
1971a; Strength, 1970; Butterworth and
Fox, 1963), by amino acid analysis
(Strength, 1970; Sarason et al., 1971b;
Rajasckharan, 1964; Peters, 1960) and
heat denaturation by heoting of the dry
meal (Samson, 1971 Butterworth and
Fox, 1963).

The purpose of this research 1s to
better characterize the coconut proteins,
principally with respect to some of the
parameters of interest in the aqucous
processing and use of coconut proteins
for food, 1c., solubility, heat denatura-
tion, viscosity and amino acid analysis of
the individual protein components.

MATERIALS & METHODS

THE ENDOSPERM (with testa) of fresh coco-
nuts was ftecze dried; the oil was then ex-
tracted with hexane at ambient femperature.
The protem was dissolved by extracting the
meal with 1M NaCl at pH 7.0 for about ¥4 hr.
The sesidue was renioved by filtation, the pll
mised to R0 and the solutions clagiied by
wentrifugation. The resulling solution was con-
centrated by altrafiltration against 3 membrane
designed to pass molecules with molecular
weight below 10,000 (UM- 10 membrane, Ams-
con Corp.). Ihe concentrated solution was then
tiltered throush 3 0.22 um pore swe filter
(Millipote Corp 1 and dialyzed against 1M NaCl.
After this procedure the solution contained
90 &+ 2% of the iotal nittogen in the coconut.
Approximately $% was not separated from the
witds and 3¢ was lost in ultrafiltration.
Analyses of protein concenlugtions wete

Table 1-Some properties of the protein components

Laipe mol Small mol
Unfractionated wi compunents wi components

Approx mol wi

(at pll 6.8) - 1.5 x 10 2.4 x 10¢
Intzinsic viscosity® 4.3 cc/gin 4.7 ew/pm -
Relative abundance 100 8413 1423
Percent nittogen of dried,

walt-free protein 192204 18804 194104

Extinction coefficiem®
Amount sol m 0.1M NaCl,
atpli 7.0 -

3,76 (at 280nm)

3.88 (at 280nm) 2.43 (a1 276nm)

$317% 100%

B rhe value of ()1, exteacted to 2o protein concentratinn by least-syguare analysls of
dats, whete nis viscosity and 1, is visconity of The solvent (1M Nath); pll was 7.0; tempetature,

3¢

bThe slupe of a praph of ahwirhance vs, concentration, vbtsined by leastsquare analysis of

data. Concenteation in mg Njce

E—IDURNAL DE FONN SPIENCFE--Valume 37 (1972]

made by ultraviolct absorption vt by the Lowsy
method (Lowry et al., 1951). Both methods
were calibrated with salutions of coconul pro-
tcin of known nitropen content, as detcrnnned
by Micro-Kjeldah! analysis. The averape cring in
detenmining nittogen content was 4% by the
Lowry method, and about 2% by ultraviolet
absorption,

In heat coagulation experiments the protein
solutinns (aliquots of a stack salution) were
heated for 10 min, then coaled to room
temperature and centrifuged. The amount of
protein remaining in solutions was taken as a
measure of undenatured protem.

Protein solubility was determined by prepar-
ing approsimately 1% suspensions of the pro-
tein in solvent, adjustisg the pH of sliguois to
the desired value and  then agdaung  for
sbout ¥4 hr at roam temperatute. The final pHl
was read and the suspension centrifuped; then
the dissolved protein content of the aqueons
phase was measured.

Viscosty was measured i an Ostwald Vs
cometer, with the time recorded to the nearest
tenth of a second on a stopwatch. The average
of at teast thiee measurements was used. The
sandard deviation sn measurement of visvosity
wat 0,17 The temperasture was 30°C,

Amino acid analyses were performed wath
the Beckman Model 120C analyzer. Samples
wete hydrolyzed m constant-bothing B Yor 24
hr, under a nittogen Nush. Cysteine was ana-
lyzed after onidation of cysteme to vysiew acid
with performic aod. Tryplophan was analyzed
by the method of Kohler and Palter (1967).
Methiomne values were corrected for the ob-
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FRACTION NUMBER

Fig. 1-Sephadex G-200 scparation of coconut
proteins on a 77 % 5 cm column in 0.95M NaCl
bullered at pH 8.2 with 0.01M Na,HPO,.
Peaks contain 1.6%, 84%, 13.5% and 0.7% of
total protein cluted from the column,
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Fiy. 2—-Calibration ¢urve for determination of
molecular weight, calibrated with aldolase (ol
wt 158,000), ovalbumin (mol wt 45,000} and
ribonuclease (mol wt 13,700) ona 2.5 X 90 cm
column of Scphadex G-200, with phosphate
buller 10.4 ionic strzagth) at pH 6.8, V, was
188 cc.

wived destruction during hydsoly sis of methio-
nine in amino acid calibration mixtures. Two
wmpletely independently prepated sets of frac-
tinns were analyzed and the amino acid analy-
wh uf each were donc in duplicate,

RESULTS & DISCUSSION

A TYPICAL chromatographic separation
of the coconutl protein by Sephiadex
G-200 is shown in Figure 1. The second
and third peaks contain all but 2% of the
protein cluted from the column. The
second peak is the major protein compo-
nent, containing 84% of the total nitro-
gen (by Kjeldahl analysis) and the third
peak 14% (average of several separations).
The fiest peak is caused by light scattering
and contains a rather small amount of
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Table 2~Amino acid analyses of protein fractiong®

—

Latge mol Small mol 95 Contidence
Amino acid wloomponent  wit component inteeval
Lysine )44 s 0.14
Histidine 2.20 1.0§ 0.4
Arginine 14.70 22.03 0.74
Tryptophan 0.39 102 0.10
Aspartic acid 947 2.60 0.21
Thiconine 1.29 113 0.1l
Setine 4.89 1.28 0.09
Glutamic acid 17.94 3551 0.47
Proline 3.60 2.17 0.3)
Glycine 441 RN ] 0.4}
Alanine 4.30 0.59 0.18
Cystine 098 348 on
Cysteine 0.16 0.00 0.0}
Valine 6.06 0.80 0.24
Mcthionine 2.84 0.37 0.16
Isolcucine 412 0.28 0.3}
Leucine 8.15 1.94 072
Tytosine 287 2.61 0.13
Phenylalinine 5.10 0.66 018
Total 99.41 R5.63 2132

Eln grams amino acid/16g N

dark-colored protein. The cluant was
0.95M NaCl, buffered at pH 8.2 with
0.01M Na, HPO,.

An estimate of the molecular weight
of the protein components was made by
Sephadex chromatography. A calhibration
enrve of volume of clution vs, log of
molecular weight is shown in Fipure 2.
The volumes of clution of the two najor
protein components were 258 ccand 368
cc, indicating  approximate  molecular
wejghts of 1.5 x 10% and 2.4 x 104, re-
spectively, Vi was 188 cc, More accurate
molecubar  weight  delerminations  were
not undertaken in view of the assumed
heterogeneity of the fractions. Spychalski
(1930) reported a molecular weight of
1.04 x 10% for the main component of
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Fig. 3-Duependence of amount al protein dissolved v totd amount of
farge inotecular weight companent, at ptl 6.8, in O 1A1 04401,

coconut globulin,

The chromatography of the covonut
protein on Scephadex G200 had  been
undertaken as a means of punfying the
cocanut protein, However, the neat sep-
arntion into different molecular weght
components prompted us to consder the
propertics of the components sepatately,

Some of the properties of the compo-
nents are sumunanzed an Table 1. The
s acid analyees given in Table 2, are
the averages o dupheate analyses on ¢ach
of two independentiy prepared sets of
samples,

The solubility data presented i Figure

s o °
& o 5
T

PERCENT UNCOAGUILATED

¥
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? 4 [ [ ] "0
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Fig. 4--Dependence ol heat cosgalation an salt
conceateaton, for the Ly molecular weight
e aent, gt gl /5 (o) 10)°C (8) 11 'C;
(8) 20 €2 The . mvni coagulated ot 0.5M
Nl vw o e samvas Lose ol sannpalecs,
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Fig. 5-Dependence of hoat coagulation on pH,
for the large molecular weight component, in
0.1M NaCl: () 100°C; (4) 80 °C: (8] 70 °C.

3 indicate that the high molecular weight
componenl is not homogencous. If it
were homogencous, then the protein
should all dissolve until the maximum
solubility of the protein is reached-and
then no more should dissolve (taylor,
1953). The strzight line dependence of
dissolved protein upon total amount ol
protein present ndicates that {raction
dissolved in a meaningful patameter of
coconut protein solubility. Witlin the
concentration ranpe of 1-5.5 mg Nfce,
the solubility of the large molecular
weight components seems to he adequate:
ly stated by reporting the fraction dis-
solved, as was done in Figures 6 and 7.

Heat coagulation of the large molecu-
lar weight components was at a maxumum
at neutral ptl, low <alt concentration and
high temperature, as mdwcated by Frpores
4 and S. Fipure 4 contains isotherms at s
constant pll (7.4), at different salt con-
centrations. Figure S contains isotherms
at a constant salt concentration (U.1M),
at dilferent pH values. As mught be
expected, more protein is coagulated
low salt concentrations and ligher tem-
peratires. Also, mote voagulation occurs
in the pH range 4 7, where it is assumed
there s mimmum charge on the protein,
Peters {19600 reported that the coconut
proteins were only heat coagulated w the
range pil 3.0 1, however he did not
specily the solvent used,

The effect of ptl oand salt on the
solubility of the high molecular weight
components is shown in Figures 6 and 7.
The data show that the point o mine
mum solubility occurs near plt S m 0.1M
NaCl. We ansume that the isoclectnic
point is therelore near ptE S, The addhtion
of salt mcreases the solulyhity as shown m
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Fig. 6-Dependence of solubility on pH, for the

large molecular weight component, in 0.10M
NuCl.

Figure 7. However, the cffect of salt is
complicated and varies considerably with
pli. At low pll values we have observed a
decrease in solubility with addition of
salts.

The low moleculur weight components
were considerably different in their heat
coapulation and solubility properties. Un-
der the range of conditions investipated,
no significant precipitation or heat coagu-
lation of the small molecular weight
components was observed

The greater heat stability of the low
molecular weight proteins could bhe due
to the relatively large amounts of dicar-
boxylic acids (38.1g/16g N), and basic
amino acids (28.1p/16g N}, allowing the
possibility  of many intramolecular salt
bridges.  Also, the cystine content s
higher for the low molecular weight
components (3.45 vs. 0.98p/16g N) indi-
cating o larger number  of stabilizing
disullide bouds. On the other hand, the
greater solulality of the low moleculur
weight proteins could reflect the usual
inverse dependence of solubility on mo-
lecutar weipht of protein (Cohn and
Fdsall, 1943), The difference in both
solubility and heat coaspulation of the
components might also be attributed to
the arpe dilferences i aliphatic amino
acids, which are present in very small
amounts in the low moleculis weight
components,

The dependence of heat stability on
pH and salt concentration means that all
of these varables must be considered in
Nndmg the maximum sate temperature in
the wet provessing. However, the dala m
Fipares 4 and S andicate that 70°C is safe
at neatly  all values of pH o and salt
voncentralion,
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Fig. 7-Dependence of solubility on salt con-
centration, for the high molccular weight com-
ponent, al pH 7.0. The lowest salt concentra-
tion shown is 0.01M NaCl.

The values for intrinsic viscosity indi-
cale that the coconut proteins have the
low viscosily expected of globular pro-
teins. Viscositics were mcasured in 1.0M
NaCl at pll 7, where the protein is all
dissolved. Under these conditions the
viscosity is very low; however, at lower
values of ionic strengti, clectrostatie fac
tors should cause 4 somewhat higher
viscosity (Tanford and Buzzel, 19506).

For some food uses it 1s destrable that
a protein be soluble at nearly neutral pli
values in a solution of low salt concentra.
tion. Only half of the high moleculy
weight proteins are sotuble under such
conditions.  This  restricted  solubility
could have significant implications in
considering potential food uses.

In summary, the covonut proteins can
be conveniently classified os either hugh
or low molecular weight with the bulk of
the proteins being of high molecular
weight, The low molecular weighl pro-
teins are quite soluble and heat stable.
The high molccular weight proteins ase
heat coagulated at neutral pll values and
at low salt coneentrations; however, by
addition of salt and/or adjustment of pll
they may be rendered nonprecipitable by
temperatures as high as 100°C,

REFERENCES

Abbatt, J.C. 1966, “World Protein Resources,*
ed. Gould, ILLF. American Chemical Sueiety,
Washington, D.C.

Hulterworth, MJAL and Fox, 1L.C. 1062, The
elfcct of heat treatment on the nutntive
value of coconut meal, and the prediction of
nutritive value by chemical inethads, Unt,
J. Nutr. 17: 440,

Cuhn, R.J. snd Edsall, 3.7, 1840, “Proteins,
Amine Acids wnd Peptides.' teinhold Pub.
lishing Cuorp., New Yark,

Rohler, GO, and Palter, R, 1067, Studies on
methods of smine acld analyals of wheat


http:inetti.ls

produete. Cereal Chem, 44: 312,

Lawry, 0L, Rowbrough, NJ. Farr, AL, and
Wandall, J.3. 1951, Protein measirenient
with the Folin phenol reagent. J. Riol,
Chem, 1938 205,

Nyberg, J.N. 1968, The Phitippine eoconut
industry. Ph.D. thess, Comell Paiversity,
tthaes, NY,

Peters, F.E. 1060, Preparation amd amnoe avid
composition of slected seed protem frae.
tions, Ph.D. theas, Purdue University, Lafa-
yette, Ind,

Itajaschharan, J, 1064, Chetnical and technolug.
jead tnvestigations on tocounut produrcts.
Ph.D. (heals, lanaras llindu  University,
Banaras, UP.

-33-

Appendix B, Pape 4

CHARACTERIZATION QF COCONUT PROTEIN FRACTIONS -7

Swnson, A8 1971, Heat treatiment of coconut
meats and coconut meal, J, Scl Fdo Agrie,
22: 2,

Samsson, ALS., Cater, C.ML and Mattll, K.F,
19714, Preparation and charseterization of
covonul protoins Ceread Chem. 18 182,

Samson, AN, khannd, N, Cater, CML and
Mattal, K. 19710, Extractabality of coco-
nut prateins 3. Food Scio 360 720,

spychabski, L1930, Determination ol the
meteeutar werpht of covanut globulin, RRoeg-
ks Chem, 10: G0,

Srecnivasan, A. and Raaseiharan, N 1067, The
use of covonul preparations as a protein
suppletnent i child feeding. J, Food Sel.
and Technul. 4: 59,

Steength, DR, 1970, Preparation, chararte o
Gon aml evshiation of cocoanul prote e,
Thard Dntetnational Congress of Food S
cttevs anmd Tectimolspy, Wadhington, D.C.

Fanford, C.oand Wazel, 100 1906 The sinveos
ity of agqueous wwhittinns of bovine wrum
Albwmn Between pit £33 and 10503 Phys,
Chem, 60 225,

Tavior, ¥, 1953, “The holavon of Proteing
ed, Neurath, 0 and Baley, Ko Academie
Preas, Ine,, New York,

Me receved BT tevised 9120771, accepted

VILTITN.
This rescarch was supportedd by the Agrncy

for International Development,


http:limtl1tm.ii1.4l
http:fl~flms.il

Appendix C, Pape 1

-34-

Heat Treatment of Coconut Meats and Coconut Meal

by A. S. Saumson 8.1,

Food I oducts Rescarch, Texos Engineering Experiment Statlon, Texas A & M University, College Statiun, Texas 77843, U.S.A.

(Revised Munusciipt received 13 March, 1971)

In attempts tn determine the heat tolerance of coconut mears and coconut meal, sumnples were subjected

to scveral temperatures for varying lengths of time,

Prupertics evaluated were browning (by vivwal

observatlon), odour, Ivsine destruction, protein solubility at plt 2, 8 and 10- S, and niteogen solubility

index.

Solubility studies suggest that fresh coconut meats can iolerate up 1o 100°C air temperature (coconut

layer temperature, 78-K3 ¢} without sienificant loss of protein solubility,

At 110°C air temperuture,

there Is loss of solubility at pl 2 und K, and at 1207c protein solubility significantly deceeases under all the

pl conditions examined.
with hot air at 1207 c¢.

Data imhicare a marked loss of lysine availability upon heating coconut meats

Coconut meal can tolerate 105°C air for at least 60 min without significant loss of protein solubility,
At higher temperatures (120°¢ for 15 min ar longer), protem solubility decreased.  Unavailuble lysine
data indicate that heating at 120°C for 60 min markedly decreuses lysine avallability,

Introduction

COCONUT protein, only a minor portion of which is presently
being utilised for human food consumption, has been shown
to be goad quality protein, with high nutritional value.?
Present-day mcthods of processing coconuts for oil, via copra,
however, utilise processes not conducive to  producing
proteinaccous products fit for human consumption.  In the
preparation of copra, the water is usually removed by sun- or
oven-drying, under conditions lizble to cause bacterial and
mould growth.? The oil is usually recovered by expetlers or
combhinations of cxpellers and solvent extractors, at tempera-
tures which have been showan to reduce the nutritionad value
of coconut proteins.®

The present studies were undertabhen in an attempt to
determine the temperature conditions which fresh coconut
meats and coconut meal can tolerate without deterioration of
protein, as imcastned by solubility properties and loss of Iysine
availability.  Many studies have been made on the nutritional
value of coconut proteinst*4 using  ditferent  coconut
products processed in o varicty of ways. A previous study of
Butterworth & Fox made use of solubility and loss of Issine
availability as physico-chemical methods of determining
protcin denaturation®  They started, however, with a sun-
dried product and, in the solubility tests, employed rather
scvere conditions (6N-HCH 0-02N-NaOH, 0-5Mm-NaCh.

This present work starts with friesh coconut meats and
laboratory-prepared coconut meal and makes use of solubility
under differemt pit conditions (acidic, basic and near neutral)
and lysinc availability as methods of determining protein
denaturation.®7 1t is part of a larger project of deseloping
processes which would make available coconut proteins as an
indigenous protein source in coconut-producing countrices
of the world.

Experimental
Materials

Coconut mcats

The coconuts used were food-grade fresh coconuts, obtained
from the wholesale market; there were indications that the
coconuts originated from Central America.  After criching
the nuts and discarding the coconut water, the meats were
removed from the shells and manually pared.  The pared

® Present address: Department of Chemistry, Atenco de Manila
University, Loyola Heighits, Quezon City, Plalippines

t Manufactured by the Urschel Laboratones, Ine., Valparaio,
Indiana, US.A.

meats were shredded imo smaller fragments using an Urschel
mill, Model Comitrol 3600 (cutting hecad 2-K-0200608)t.
The shredded meats contained 47°% moisture and volatile
mitterials and 3859 oil,

Coconut meal

Coconut meal was prepared by processes which were not
cxpected to denatute proteins. The fresh coconuts were
cracked and the coconut water was discarded,  After removal
from the shell and washing with water, the meats were shiced
into smaller fragments with the Urschel mill (cutting head
2-J-030810B).  The shredded meats (which included the testa
or parings) were dricd under vacuum at 40°¢ for 24 hto a
moisture content of less than 2%, The dricd meats vere
further comminuted by the Usschel null (cutting head 2-K-
020035C), prior to defiiung by several extractions with
hexane,  Residual solvent wis removed with dry air. Meal
so obtained had the following proximate analysis: protein,
22-2590 (N 6:25): moisture and volatile materials (upon
cquilibration at room temperature and humidity), 9-9°;;
ail, 1+1%: ash, 5-27,0 and crude fibre, 7-5% 0

Methods
Heating of meats

The shredded meats were heated under a draught of air in
a box cquipped with a heating coil and fan.  The tempera-
tures both of the coconut meats (layer thickness 2 ¢m) and of
the ambient air inside the heating box were monitored using
a thermocouple and thermometer,  To achieve more even
heating, the coconut bed was occasionally stirred.  Heating
wits continucd to a muoisture level of 2-3 |, following moisture
analysis procedures of ALO.C.S."  Prior to further character-
isation, the dehydrated meats were defatted by Soxhlet
extraction with hexanc.

Keating of meal

The coconut meal was heated in a forced draught oven
cquilibrated to the desired temperature, for a predetermined
length of time.
Extraction of nitrogen

Samples (1 g) of dehydrated and defatled coconut were
extracted with water at room temperature in a total volume
of 20 ml.  The desired pH of extraction was mainzained with
HCLor NaOHL - After centrifugation at 7710 = g (Sorvall
RC2B Refriperated Centrifuge), the entracts were filtesed
tUnough Whatman Filter Paper No. 4 to remove flocculent
materials,

J. Sch. Fd Agric., 1971, Vol, 12, June
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Nitrogen solubility index (AS7) was determined wveonding ‘Tanie |

to standindd A.O.C.S. methods, ¥

Analytical

Meistute, ash, oil, and crwde libre were determiined by
stindard methods,?  Nitropen (protein estimated us N »
6+25) was determined by stiundind micro-Kjeldahl proced.
ures. % Amino acid analyses were obtained on Becsman
Model 1200 Amino Acid Analyzers, following the procwcdure
of Spackmian & Moore:¥2 unavailable lysine was detenmined
according 1o the procedure of Ruach ¢f alV?

Results aid Discussion

Fig. 1, giving the solubility of proteins fiom heated coconut
samples, indicates denaturation of coconut proteins when
coconut meats were heated with 1207 ¢ air, and a partial
denaturation at 110°c. At lower temperatures, no such
denaturation was observed, as measured by solubility studics.
Under acid conditions (pHl 2), a marked loss of -olubility
was observed for coconut meats heated at 10 and 120 ¢ at
pH 8, there wis a significant decrease in solubility for the
sample heated at 120°¢ and a slight decrease for that heated at
110°c. At pH 10-5, only the sample heated at 120%c
showed a notable decrease in protein solubility, although the
samples heated at 100 and 110 ¢ were less soluble than the
other heat-treated samples.
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et tecatnwnt of coconut meats

Final moisture
attained, ", sample

Air . . Thetmucouple
temp., °c Time, min reading, "
T (coconut layer)

3560

o0 3o 26
70 25 3560 28
80 25 65-70 30
2 25 61-08 2:8
100 20 78-81 23
110 20 93-98 21
120 28 78-K3 25

!

In terms of the temperatures of the coconut layer itself
(Table 1), the solubility duta indicate that heating wineh
raises the effective temperature of the meats to ngher than
80"c will begin to cnne protein demturation as measuored by
lss of solubility.

In the case of coconut meal (Figs 2 ), treatiment with iur
heated to 150°c was almost immediately  detnmental o
protein solubility of coconut proteins.  Coconut meal s
tolerant 10 120°¢ for a short period of time, but after 15 mm
heating (Fig. 4), there e indications of loss of protem
solubility at pH 10-5.  The data also show that coconut nswal
can tolerate temperatures up 1o 105 7°¢ for as long as 60 nun
without protein denaturation as mcasured by protein solu-

bility.
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Tavie 1l

Nitrogen solubitity fndex (VS1) of
heat-tecatid meats

Air temp., *¢ Time, min, NSL Y%
&0 0 22-1
70 25 23}
80 25 25-2
9 25 26-8
100 20 20-7
110 20 19-3
120 28 16-9

Table 11 gives % nitrogen solubility index (NS7) results for
heated coconut meats. The vialues obtained, for still un-
explained reasons, were invariably lower thar those ablained
for heated coconut meal.  These low values were obtained
even for coconut mcats heated at lower temperatures. NSY
valucs indicate sipnificant denaturation when meats are heated
at higher than 110 ¢ air temperature,

Fig. 5, NST of heated coconut meal, confirms that heating
coconut meal at 1507¢ denatures its proteins and, at 120 ¢,
such denaturation is partial but observable.

After heat treatment (and defatting in the case of coconut
meals), the appearance (colour) and odour of the coconut
samples were organoleptically noted. The heated coconut
meats varicd from almost white to a light brown colour.
Samples heated at i temperatures fower than 100 ¢ (coco-
nut layer not higher than 78 83 ¢) ranged from almost white
to ivory; those heated ut 100 ¢ or higher showed a brownish
hue which becamie a defimite brown at 129°¢,

Each of the coconut meats, after heatine, had a chaacteris-
tic coconut smell. Thuse heated Gt 100 ¢ or higher had o
slight burncd odour.  Agaiin, as in the case of colour, this
burncd smicll was much more pronounced prior to defatting,

In the case of cocunut meal, visual brovwning wis ulacived
when the meal was heated at 120°¢ or higher for mose than
15 min.  Browning was also observed for meal treated at
105°c for 30 min or longer.  There was no browning evident
in any of the meals ticated at 105 ¢ for less than 30 mun, or at
any of the lower temperatures, A change in odaur (burnt as
compared with the raw cocanut smell of the starting meal)
was perceptible in il samples treated at 105 ¢ or higher, with
the burnt smcll more pronounced with higher temperatures,
The slight toasted odour was also observed with samples heated
at 90°c for 30 min or longer.
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These obscrvations on odour and colour of the heat-treated
samples, in conjunction with the previously discussed solu-
bility data, suggest that visual browning and a burnt odour
may be used as casly warning signals of incipient loss of
protein solubility.  When the coconut simples have definitely
turnced brown and have a toasted odour, protein solubility
will be low,

Amino acid analyses of the heated samples are given in
Tibles -V, Except for lysine, there were no evident
acends in the overall compaosition of amino acids as a result of
the amount of heating employed in this reseirch,

Data on Iysinc availability®? were more informative.
According to Table VI, lysine availability is signilicantly
reduced by heating coconut meats to 120 °¢; at lower temperit-
tures, no such decrease tn lysine avalability is observed,
Tuble VII shows that lysine availability wias not significantly

“affected, if ot all, by heating coconut meal to 105%c. At

120 ¢ there was a minked loss of aviilable Tysine when the
meal was heated for 60 min, and some minor loss at 30 min
heating. At 150°¢, howeser, both total and available lysine
disappearcd quite rapidly, a further confirmation of protein
denaturation at that tempeiature.

These results veported for coconut meats and meatl prepared
in the laboratory can profitibly be compared with commercial
desiccated coconut and heal-prepared copra.  The heating of
coconut meats simulated commercial processes of preparing

Tabre 111
Amino acld composition of heat-treated cuconut meats, °, protein
Mca,l Mc.;l]l Mc:;l Mc(;ill Mecal Meal Meal
. treated at freated at treated at treated at treated at treated at treated at

Amino acid 60"c: for 70°¢ for 80 for 90°c for 100 < for 10°c for 120°C for

30 min 25 min 25 min 25 min 20 min 20 min 28 min
Lysine 3-8 )-8 37 4-0 3-8 3-8 3]
Histidine 21 2:0 2:0 2:0 2:0 2:0 19
Arginine 15:7 152 15-0 15:7 14-9 15-8 14:0
Aspattic acid 8:0 8-4 8:2 8:0 8-i 8:0 79
Threonine 29 29 2:8 29 29 3 2:9
Serine 4-S 4-) 43 42 4-4 41 4:4
Glutamic acid 197 19-9 19-1 19-8 18-9 19:6 19-7
Proline 3 33 31 32 Mt 33 3
Glyvine 41 4:2 44 40 4-0 40 4-2
Alanine 40 3-8 3-8 4-2 3-8 46 4)
Valine S-1 49 49 4-6 48 4-8 50
Mcihionine 1-8 17 }-8 2-} 17 17 1-9
Isoleucine 3.2 3 3 31 3 3t 3
).cucine 6} 56 6-2 6-1 6 60 6:)
Tyrosine 2:6 24} 2:6 2:5 2-8 2-5 2:6
Pheny lalanino 41 36 4} 4.2 4:2 42 4-4

J. Sci, Fd Agric., 1971, Vol. 22, Junc
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s
Tavtr 1V
Amino acid compusition of heat-treated cocanut meal, *4 protein
Unitreated auead and samples treated for § and 15 mm
Mcal Mcal Mcal Meal Mead Mual
Amino acid Unitreated treated at treated at treated at treated at tscated at treated al
v meal 150 ¢ for o) ¢ for 90 « for 1057¢ for 12070 foy 150 ¢l
S min 1S min §$ min 15 min 1S min 15 mmn
Lysino 3 34 34 3-8 35 34 24
istidine 17 1-8 1-7 18 17 1-8 1-7
Arginine 12:6 14-5 i2-8 13-8 13-9 13-8 13-
Aspartic acid 89 L A8 | 81 83 84 77 7-3
Thiconine 2:9 3-0 29 31 3J-0 27 2-8
Serine 43 43 4-1 4] 43 3K 3-8
Glutamic acid 20-2 19-4 19 0 19-2 20-0 178 18-1
Moline 36 34 1-4 3 32 30 KRR}
CGlycine 4-2 4] 4-0 41 4.2 )-8 18
Alanine 45 4-1 41 4| 42 3-8 o
Voline S-4 49 48 50 5:0 4-0 40
Mcthivnine 1-8 17 1-7 }-S 13 1-4 14
Isolcucing 3 32 3 3] 32 2-9 30
).cucine 6-2 6-) 6-0 6-0 62 $-6 S-R
T‘ymsinc 3-0 2:7 2:5 2-7 27 2.8 24
Phenylalanine 43 4-2 4-0 40 41 37 40
Tane V
Amino ucld composition of heat-treated cuconut meal, %, protein
Samples ticated for 30 and (0 min
Mecal Mcal Meul Meceal Meal Mcal Meal Meal
Amino acid treated at treated at treated at ticated at treated ot treated at treated at treated ot
mio ac 60 ¢ for 90"¢ fon 108 ¢ for 120 ¢ fin 150 ¢ for 108 ¢ for 120 ¢ for SO ¢ 1o
30 min 30 min 30 mun 30 min 30 mun 60 nun 0 min 0 nun
Lysine 37 3-5 36 3-5 2-0 3-8 32 1-9
Histidinc -8 1-8 1-9 1-8 17 2-1 I8 14
Arginine 138 137 14-2 14-7 135 14-6 138 Y-7
Aspartic acid k-0 79 79 80 8-0 g3 B} 7-0
Threonine 26 31 2-8 29 34 3 2.y 27
Serine KR 41 4] 4.2 4:2 44 4-1 19
Glutamic acid 181 b 18-4 188 19-3 19-5 19-4 IK9 18 6
Proline 3:2 3} 3 35 25 4-2 3 AR |
Glycine 39 4] 39 4:2 4} 4-4 4-1 40
Alanine 39 4 4-0 4-0 3.9 4-4 4-0 36
Valine 46 4:7 46 4-9 5] $-1 $-0 3-8
Mecthionine 1-5 1-3 K] 1:6 1:6 I8 1-6 16
Issleucine 2-8 3 3.0 3 32 32 3 32
Leucine 5-7 6-0 59 6-3 6-2 6-4 6-1 (]
T{msinc 24 2:6 2-4 2-] 23 2:7 26 25
Phenylalanine 39 4-0 3.9 4-8 4-2 4-3 q-2 41

desiccated coconut, except that the temy.w*veres used in the
laboratory were higher than the 60 79 ¢ repeited Tor com-
mercial preparation of desiccated coconut.' The copra used
was obtained from Surinam and was dricd m soliar heat-tents 14

Fig. 6 summariscs the solubility behaviour of commercial
desiceated coconut and coprir.  This copra has a solubility
profile like that of unheated coconut meal prepared i the
laboratory. The desiceated coconut, ho.ever, shows. a
markedly lower solubility than does copra. The copia pives
an NS/ value of 41-9 and the desiceated coconut of 25-9,
confirming loss of protein solubility.

The figures from amino acid analysis, however, indicate
thit lysine availability has not been signmiticantly reduced for
cither of the products (Table VI, The desiceated coconut
is perfectly white and does not have any burnt odour.  Al-
tempts are being made 1o find the cuse of the anomalous
solubility characteristics of the commercitl desiveated coco-
nut,
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Tanr VI

Avaitahile tysine results on heat-treated coconal meats

% Prolein

Temperatuie, °C

60 Total lysinc
Unavailable lysine
Available lysine

70 Total lysine
Unavarluble lysine
Availnble fysine

80 Total lysine
Unavailable lysine
Avaitublc lysine

WA e OO N b N -3 Lo Wb =3 \T. 4 WA W OO

90 Total hvrine
Unaviulable lysine
Available lysine

on Total lysine
Unavailable lysine
Available lysine

110 Tota! Ivsine
Unavailable lysine
Availuble lysine

120 Total lysine
Unavailable lysine
Available lysine

SNt

-

[~ R TR )

Total lysine
Unavatlable lysine
Available lysine

Untreated meal

- w NECWw WO wow WOL WOW WD WO'w

Tanwy VI
Avnitabic lysing results on heat-irealed cocanut mew!, 7 profeln

Heat-treatment times

Smin 15 min_‘ 30 min 60 min

Temp. °c
6  Total lysinc — T Tye Ty 2
Unavatlable lysine — 0-2 0-4 —
Available lysine )2 3-3
90 Total lysine 18 3-8
Unavinlable lysine — 0} 03 —
Available lysine 35 312
105 Total lysinc 3-S5 36 3-8
Unavailable lysine  — 03 0-3 0-3
Available lysine 32 33 3.5
120 Total lysine 34 35 32
Unavailable lysine — 0-3 0-4 0-4
Available Iysine 31 31 2-8
150 Total lysinc -4 2-4 2:0 i'5
Unavailable lysine -4 0-7 1-8 13
0 17 1-0 0-2

Untreated  Tota! lysine
meal Unavailable lysine

3l
0
Available lysine )
)
0
Available ixsine k)

soLuBty, %
-~
L)

Fia. 6. »Salubility of copra and desiceated coconnt
w Coconut meal; C copra; {1 deslecated coconut

TabLe VIl
Amino acid composition of copra and desiceated cocoout,
% protein

Amino acid

Desiceated coconut

g
b=
b=
=

Lysinc
unavailable lysine
available tysine

Histidine

Arginine

Aspattic acid

Threonine

Scrine

Glutamic acid

Proline

Glyvine

Alunine

Valine

Mcthionine

Isoleucin

Lewine

’l?‘msinc

Phenylalanine

...
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Preparation and Characterization of Coconut Protein Isolates

A. S. SAMSON S, J.’, €. M. CATER, and K. £, MATTIL, Texas AGM
University, Crltage Station

ABSTRACT
The folivaving protein fractions have been separated from dricd, defatted frosh

cowdnut muatss 1) soluble at pIl 2, precipitated at pll 3.9; 2) soluble at pil 8,

precipitated at pIt 3.9, 3) sulsble at pll 108, precipitated at pl 3.9, 4) extractad

sequentially at pld 10.5 from pil § teadue amd subseguently provyntated ot pll 3.9;9)

extracted Wt pd T by LOM NaCoand precipstatod at pbl 2, 6) suluble in water ot plt 1o,

and 7) protems randming in sohitsn it pht 30, The revoverios were 1) 45 ta $7.0,2) 19

oy 538 23 31 10 380 1 do TS S) i to Sd 5 6) Y to Hies,and 7) 3 o 6.

Hydrocitderic was the most eiTinicnt preapitating aad o those tested, includimy sultune,

phosphoric, acetic. aid mitpe, Fach of e precpitated polates was deed by

lyophitizatien. White 21l of the Bokiies were quite soluble at plt 2, theee veere substantul

diffcrences i solubiliacs at pit 7, 8, snd 100 Al nolates were quite msoluble fron pit 4

to 6. The amino acid vumjesition of most of the isolates dul not vary enrhedly fiom

that of the onginal meal. Thae wates solubles were somew hat Leghier i lyune, aemine,

and glutamie aciki and lower dn the remating amino aads. Hhie bolate extractal
sequantially at pH 10.5 from pld § residue weas tower in lyane aed ghitamiv acid.

Although fresh cocenn mears contam only abowt 4% protein, they are
nevertheless o potentially angorting souree of protem becawse of the great world
producticn of cowenuts, prmatily wreprens debicicat in high protens foods, The
warld's coconut yield fiaa been estvsicd fom copia Jdats to b $.0 aullion miirie
tons annually (1), These deta refer endy 1o coconuts used for copia and do not
include those used directly e foo L Tius amount of coprais toughly equivaleat to
224 millien kg. of protein (basis nitregen X 6.23), probably none of whichis beny
uzed for hraman food cansumption,

A 20% protein Nowe of goud quality ¢an be obtained from coconuts by removal
of the oil sud water, Studies hawe indieated that the protein cificiency rato of
coconut flovi is comparable to that of cascin (2). Proten efficicncy ratio, YSiological
value, net protem utilizanon, sd dgestibility values for coconut products stippest
good nutritional quality for eoconut peotemns (3). Yet, present world practice of
handling cocenuts through the intermediacy of coprat produces a protein meal, after
oil removal, which s geactally not it for human consumption (1), Furthemmore,
the high fiber content of coconut fiows (¥ o 1150) lunits effectively its usc as a
protein supplonent (5).

Becausy of the low pratein content of coconut four and its high fiber content,
even when prepared undes conditions which yender it suitable for human food use,
protein isolates {rom coronuts take on added significance in attempts 16 nuke use
of this untapped sourge of fuod protein. dolates, vath over 804 protein and very
— e rm

’l'rrwr\(rtl at SOET0, Thind Dateraattonal Canpress of Foud Scienee and Techinology,
Wastunpton, 10,0, Nusuad 3070 Contebatioe Tron | ol Freduets e e Iy, Tevas Engineenng
Eapernnent Stato n, Tevas AAM Uiversaty, Colloae Statinn 774 5L This waorh was spportad
by the Aguncy fus Intersational Deselopanent, Contyact FIOST W51 LOBRG, Ta-a800010,

“rerent artdiess: Depastment uf Chemindey, Ateneo de Mansta Unwernsity, Loyola Heghty,
Quezun City, Tl Miahinnnce
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Jow fiber content, conld be used more casily as food supplements, Furthenmore,
like soy profeins or cascin, coconul protein isokites may alwo find added value as
the result of any favorable functional propertics they may parsess,

Previous studies in this Tiboratory lave shown that coconut meal (Nour),
containing about 207 protein and prepued withont excessive heat treatment,
displayed suitable solubility for efficient protein extraction in aqueous or salt
solutiiis (6). These investigations showed that it was passible to obtain £0'to 90%
protein solubility without resorting 1o cozymatic extraction conditions, as

supgested by Chandrasekaran and King (7).
Peters (8, p. 6) has prepared coconut isalates from a centrifugal wet-process,
The Nationa) Institute of Scicnce and Technnlogy in The Philippines has operated a
pilot plant in which coconnt peotein concentrates and isolates have been prepared
from gramulated coconut (9). -

Guided by data obtained from preliminary work on the solubility or
extiactability of coconut proteins, these present studies were undertihen to

chanacterize coconut protein isqlates prepared under a.vuricty of extraction
coanditions.

MATERIALS AND METHODS

Pieparation of Coconut Meal

In the production of coconut meal used for the preparation of isolates, care was
taken to use steps not expected to denatuie proteins. Fresh coconuts were cracked
and the nwats renxaved from the shells. Afser shredding through an Urschel mill,
the meats were dehydrated in @ frecze-dryer, then solvent extrncted with hexane.
Meal so obtained, after further milling, contained 22.2% protein, 9.9% moistute
(efter cquilitiation at rocm temperature and humidity), 1.1% oil, 5.2% a<h, and
7.5% crude niber (6).

. Pucparation of Coconut Protein holates

Coconut meal was slurried in water or salt solution adjusted to the
predetermined pll of extraction, at a 20:1 solvent-to-meal ratio, The mixture was
stitred for at least 30 min. on a2 magnetic stirrer and the pH readjusted, if necessary,
This was followed by centrifugation at 5900 X o for 20 min. (Sorvall RC2.B
refrigerated centrifuse) and suction filtration (Whatman filter paper No. 4) to
renwve fiocculent naterials from the supernatant exteact, The extract wis then
adjusted to pH 3.9 and centrifuged. After decanting the supernatant layer, the
precipitated proicins were washed once with water, Meanwhile, the residue from
the initial extraction was re<xtiacted at the appropriste pll, and the protein
separation procedure repeated. The protein isolates were lyophilized and combined.
Figuie 1 presents a scheiatic outline of the extiaction procedue,

Solubility of Protein lolates .

The protein isolate (100 mg.) was slurried in 40 ml. water (total volume after
adjusting pl with HCI or NaOll) and stirred for at least 30 min. at room
temperature. After centrifusation at 7,710 X g for 20 min,, the extract was filtered
10 reove {locculent materials. An aliquot of the supernatant was taken for
Kjeldahl nitrogen analysis. Percent nigrogen extracted was computed fiom tlie total
volum: of suhvent used for the extraction.
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Fig. 1. Extraction procedure for coconut protein itolates,

Analytical tiethods

Moisture, oil, ash, and crude fiber were determined by standard methods (10).
Nitrogen (protein estimated as nittogen X 6.25) was determined by standard
macio-Kjeldahl (10,1 1) or micto-Kjeldahl procedures (12,13). Amino acid analyses
were obtained on Beckman Model 120C amino acid walyzer, following the
procedure of Spackman et al. (14); unavadable lysine was determined according to
an unpublished procedure by M. C. Thomas and C. M. Lyman at Teaas ALM
University.

RESULTS AND DISCUSSIDN

The nitrogen solubility of the starting coconut meal over the aqueous pll range

is given in Fig. 2. From a study of the pllsolubility profile of coconut meal, a

m-
t (]
S
2
(%]
% 10
&
(%)
-3
&
204
c 4 4. ¢ i el s o) vt el
? 4 [ [ ] 0 12
pH

Fig. 2, Solubitity profite of tho proteing of cocenut meal,
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determination was nude as to the pll conditions both for extracting coconut
proteins and for precipitating the proteins from the extiacts,

Previons workers have used diffeccnt pll values for precipitating coconut
proteins: pll 3.9 (8, p. 20); 3.4 to 3.5 (15); 4.5 (16). To resolve the differences in
the Jiterature values, extractions of ¢oconut meal were made ot o serics of p!l points
between b 3.0 and 5.0, From these it was cvident that solubility was minimal
from pll 3.6 10 3.9. It was deaded tu precipitate proteins at pi 3.9,

Guided by the high solublity of cocomit proteins en botl the acid und slkaline
sides (Fig. 2), protein fractions were prepared by extiaction wnder acid (p112) and
alkaline (31 10.8) conditions, For the present Investipation, stronger acid and
alkaline comditions were not employed as a precaution against poeible protein
denaturation, The suldl plateau in the solubility profile at about pll 8.0 to 8.5
suegested another set of conditions for preparing protein isalates: exteaction at pH
8, fullowed by a sequential extraction of the residue at pll 10.5. Thesc isolates were
nunde by precipitating the extiacts at pH 3.9,

Because of the Jage percentage of globuling in coconut proteins (62% by the
Osborne clisafication) (6), a salt extract was prepared using IM NaClat pll 7, at
which pll coconut protein diplayed maximum solubility with 1M NaCl solution,
Since pllsolubdity pofiles of coconut meal proteins under salt conditions
indicated  minimum  solubitity at aad  conditions (6), the salt extract was
precipitated at pll 2 by the addition of HCL To minimize residual NaCl in the
isolate, the precipitated extiact was dialyzed spainst water prior to lyoplulization,

Two othes protein fractions suggested thonelves: proteins extracted by waler
alone (albuming, 3147 by Osborne classification tests) and the proteins remaming in
solution at the point of minimum solubility, pll 3.9, Both thiese protein isolate
preparations involved dialysis of the extiacts against water, prior to
air-concentration in the baps, and lyophilization,

Table 1 gives typical yields of protein isolates, calculited from the nitrogen
content of both jcclates and starting meal. Teble U sanunarizes nitrogen matenal
balances for the extraction procedure amployed in the Libaratory,

Table 1 shows the typical yickls of the protein isolates. Each of the isolates was
prepared a number of times, The efficiency of protein recovery from meal to isolate
was about SO for preparations under aad (pll 2) and salt (1M NaCl, pH 7)
conditions. The total recovery for the step-wise extiaction at pll 8 followed Ly

TABLE 1. PRIPARATION OF PROTCIN ISOLATE3. VIFLDS®

pH Isolato | l:otate 11 Total Piotein Content
%% N eccOvered from meal %x

2 43 10 53 0408

gb 26 13 an 1.6
10.%° 19 19 $0.7

10.5 21 12 ] 08,2

? (salt) 40 M L3 97.6

2.9 3 3 £0.5
Water 0 . 8 74.8

270 Le read in corjuncrion veith Fig. 3,
brmm L1ty Lrcnared modl, yicld of i1olutn: 59.7%: protoin content: 97.4%,
Croquential trom meat cxtracted at it B,
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TABLE il, PREPARATION OF PROTEIN ISOLATES: NITROGEN MATERIAL BALANCE?

oH Extroce | Exztroct i3 Tozal Supernatent | Wosh | fsolste 1 Supernatant 11 Wash it 130!ate 11
% N recoveres from meo! %N of eriract | % N of extroct 1}
2 Go.9 12,1 780 22.8 5.6 71.2 242 2.6 68.9
13 50.6 15.7 656.5 &£6.1 152 ., 51.7 10.5 1.1 82.0
20.5° 21.3 - 213 c.e 1.0 £3.2 - . -
<C.5 EZ.G 5.2 $5.0 72.1 A3 25.9 1.0 0.7 76.1
7t 50.5 23.2 018 $2.9 ...c 67.5 19.9 . 55.7
2.9 13.0 2.1 5.1 vee ves cee oee o
£T0 ta reed in canjunction with Fug 1,
bchuenﬁol from moa! extrocied at pH 8.
€Osts not token,
TABLE i1l, EFFECT OF ACID PRECIPITANT ON PROTEIN YIELD
(proteing exzracted 32 oM 8)
Acld Protain Content Yieid of 1solate®
% R
IN MND, 93.4 47.5
IN M350, £3.0 £3.8
1\ Hy POy £o3 426
1N HOAe 9.7 36.2
1N HCI 91.5 52.9

*On tho basis of proteln conton: of mea! ance isolate.
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TADLE IV. AMINO ACID COMPOSITION OF COCONUT PROTE!IN ISOLATES AND FRACTIONS®
{exprosied o3 % of tota! protein)

Extracied
Extracted e pH 10.5,
Extricted 8t oM 7, Extracted Extracted Secuentes
st pM 2, (1% nact) st npH 8, 8t pH 10.5, from pH 8,
Coconut Precinitated Precipiisied Precipitated Precipitated Precidiiated \Wazer.
Amino Acly Meat etpH 3.9 et p™ 2 etpH 3.9 ot pY 3.9 a2pH 39 Soiubles
Lysing A3 Q.4 3.5 3.8 3.5 2. 5.5
Lacvailadie lysino 0.3 c.3 0.2 0.3 0.3 3.2 0.3
Avaiicdie lysing 3.0 3 3.3 a5 32 2.6 5.2
H.zhding 1.7 2.0 2.0 2.2 2.0 1.4 1.6
Nrcinre 12.6 12.6 14.3 15,1 143 4.2 16.8
Srpsete eeid 6.9 2.0 8.6 8.2 9.0 9.1 5.
Trredaine 2.9 d.4 3.2 2.9 3.4 3.8 2.1
Sceime 4.5 4.9 4.5 L2 IX- 5.3 2.5
Gilutomic ocid 20.2 10.3 16.4 20.% 19.2 6.5 25.¢
Prolire 3.6 3.5 3.4 3.4 .7 J.e 2.6
Glycing £.2 &n & &3 £.5 4.5 3.7
Alzaine 4.5 4.3 & 3.9 &2 4.6 2.5
Voi'ng Qs 5.0 560 5.4 5.8 G.1 3.1
MeiNioning 1.8 2.1 2.2 1.8 2.2 R X 0.9
tsolevzing 3.3 4.0 3.7 34 3.9 e} 1.9
Levcinge G.2 2.3 6.9 G.9 7.2 7.6 £.5
Yyrosice 3.0 J.1 2,7 2.6 3.0 3.5 2.5
Phenyiatanine &3 5.4 4.8 4.8 5.2 &9 2.6

®no es1ays medo for tryptophen.
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extraction at pH 10.5 was about 60%. For the itolates prepared under alkaline (pH
10.5) and near neutral (pll 8) conditions, the protein yiclds were under 40%.

These duta represent prepatations made after the coconut meal had been stored
in the laboratory for about § months. These protein recoverics were basically the
same as those obtained from freshly prepared coconut meal, except in the case of
the icolate at pH 3. ln Tuble 1, the tecovery of proteins extracted at plt 8 was 39%;
catlier recoverics, with freshly prepared meal, ranged from 60 to 67%. This sprests
that the amount of proteins recoverable from coconut meal changed with ape.
Material balance data (Table 1) indicate that the lower recovery with the azed meal
is due to the fact that about half of the extracted proteins failed 1o precipitate at
pl! 3.9, ‘ -

Nitrogen material bajances indicated that the nitrogen was extiacted at about
the Jevels that were anticipated from the solubility profile. However, some
recoveries were Jower than anticipated, inasmuch as the profein did not precipitate
in the quantities that would be predicted from the solubility profile. This was
especially true of the protein which was extiacted dircctly at pll 10.5. While 96%
of the awailable nitrogen was found in the extract, over 70% of the dissolved
nitrogen temained in solution at pli 3.9. On the other hand, the protein extracted
sequentially at pH 10.5 from the meal previously extracted at pll 8 was 88%
insoluble (precipitated) at pH 3.9. These phenomena are under further
investigation,

An attempt (o maaimize the recovery of protein by the use of acids other than
hydrochloric for precipitating proteins showed that 1ICI was the most efficient
among the acids tried (Table 1H).

A further aticmipt to detennine the reason for the increased solubility st pll 3.9
of the extracted proteins (and the yield of piecipitated proiein isolate much lower
than expected) also failed 10 give a satisfactory imswer, From Table 11, it should be
noted that cficiency of precipitation was usually (except for the pl 2 isolate)
much higher in the sccond and third (for the pH 10.5 sequential isolates) extracts
than for the first extract. It appeared possible that the carbohydrates which were
soluble under the extraciion conditions sffected the solubility of the proteins. In
the pH-solubility studies, though the carbohydrates were also in solutivn, the
fibrous material and other insoluble solids could still interact with the rest of the
mixture; in the case of the protein extracts, however, all insoluble materials have
been removed by eentrifuzation and filiration,

An extraction was performed at pll 8 conditions, and the extracts from the first
and sccond extractions combined. The extract was divided into two portions: the
first was precipitated at pll 3.9 and lyophilized; the second was dialyzed against
water for 3 days, zir-concentrated, and lyophilized. The first portion gave about
10% more protein isolste than the second, showing that czrbohydrates and other
Cissolved substances in the extract did not hinder protein precipitation at pl 3.9,

Characterisiies of Protein Isolates

Protein isolates prepared under different pll conditions varied in physical
apjwarance, The halates obuained at pH 10.5 were biownish in color, those at pli 2
snd 8 slishily crayish, whereas the salt isolate was white, The salt isolate was Nuffy
Wheicus the aihier ajus isolates were more pranular,
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Fig. 3. Salubility profiles of coconut protein isolates extracted under tho indicated conditions
and precipitated 3t pH 3.9 {eacept the solt eatract, which vaas precipitated ot pit 2.0).

Animportant functonal propenty of protein isolates is their solululity at various
pH values, Tn addition o seiving as a0 useful indicator of protemn denatuation, the
solubility protile iy also sugaest poss.lle uses. The solubility characieristios of the
several coconut proten dsolates vedied (g, 3). AN were dquite serable at plt 2,
inchiding the salt isolite. The Litter is prticularly noteworihy, inesuch oy it had
been prepred by precipitation at pll 2, atlough b it time it was in 1N NG
lution. Al the solates were relitively msaluble from pll -0 10 ¢ 0. AL pIL S0
and 10.0, wide dificiences became apparent. The isolote prepdicd by salt extrection
was surpasingly insoleble wnler alkaline conditions. Thote eniracted mitially at pl
8and 10.5 retniaed good solubvlity at ptl S and 10.

Table IV sunuaadices amino acid unalyses for coconut meal and the cuconut
protein isolates. Except {or the wateraluble protems and the isolate obtained by a
sequentizl extraction at 21105 of the (1S eadue, the 2ming ool campasttion
of the isolites does not ditfer mrkedly from that of ihe orignal meal, The
watersolubles were high in lyane, argiune, and slutamic acd and lower in the
other amuno acids; the pH 0.5 isolate fiom the sequentinl extiaction was low’ i
lysine and slutamic cend. Available lvsine Ggutes were also comparable to the
starting meal, indicating that the pioteins had not boen denatured during thewr
extraction from the meud wnd pieparastion into pivtemn asolates,

Fusther studies are in progress on the other funciional propertics of the coconut
protein isolates, '

Acknoviludyment
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Aqueous Processing of Fresh Coconuts?

ROBERT HAGENMAIER, CARL M. CATER and KARL F. MATTIL, Food Protein
Rescarch and Development Canter, Texas A & M University, College Station,

Texas 77843

ABSTRACT

An aqucous process was investigated for the
recovery of oil and food grade protein from fresh
coconuts. Efficient recovery of wil, which is very
important for cconomical reusuns, was related to
thive critical unit uperations: separation of oil from
the fiber, destabilization of an oil-in-water emulsion,
and recovery of a protein product that is low in oil
content. The material balance s reported for a
laboratory process that satisluctonly separates oil and
breaks the emnulsion, and data are shown which has
led to a process for recovery of a protein with low oil
conlent.

INTRODUCTION

In the Food Protein Rescarch and Development Center
st Texas A&M Umversity, work is in propress on the
recovery of oil and foud grade protein concentrate from the
coconutl. We are considenng two general approaches to the
problem. The fint is a conventional processing similar to
that currently used for suybcans: the covonut incals are
dried and the oil extracted with hexane. The hexane s
subscquently distilled from the oii. Protein is separated
from the defatted coconut meal by the normal protein
fsolation proccdure: extraction at high pli, followed by
precipitation at low pHi (1)

Another approach, with which this work is concerned, is
the aqueous processing of the coconut, The characteristic
feature of aquccus processing s that the covonuts are nol
subjected to preluninary drying. The iresh coconut meat:
are ground while sull wet, with optional addition of waler
to facilitate gnnding, and the od and protewn are recovered
from the resulting emulsion. Vanous schemes for the
aqueous processing of coconuts have been proposed (2).
The Now diapram presented in Figare ) is general enough lo
incorporate most variations for the aqueous processing of
fresh coconuls,

The first step in the process s the gnnding of the
coconul meats, which results in a slurry of hbrous particles
in @ milhy emulwion, Upon subsequent filtration to remove
the suspended solids, the oi! und protein are observed to

Viyesented at the 162nd National Mecting of the Amecrican
Chemical Sociely.
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11¢. 1. Genen't procedure for the squeous procesting of fiesh
cocunuts.
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stay in the liquid phase, even though only 30% of the
protein is dissolved. The undissolved protein stays with the
liquid phase because it is acting as an emulsifying agent for
the il gobules, which are small enough to pass through the
openings in the filter,

The oil-in-water emulsion, commonly called coconul
milk,, is centrifuged next, with three phases resulting: the
light and heavy liquid phases, and the solids. The compo-
sition of the light liquid phase depends on the intensity of
centrifugation. Under the very intense centrifugation, as is
used by Timmins (unpubbshed results, 1970) the light
phase may be clear oil. Under the conditions of most
aqueous processing methods, the hight phase s a “ercam,”
which contains a high concentration ol protein-cmulsificd
oil globules. The cream-like phase must be demulsified to
make posable the separation of clear ol Trom a solids phase
containing the protein. The heavy hiquid phase consists of
waler and witer-soluble matertal, and comprises ca 907 of
the total volume of the system. The third phase consists of
undissolved solids that are more dense than the aqueous
phase. These solids consist of the fiber that survived the
filtration operation, together with precipitates fuormed alter
the filtration. It should be pointed out that isolar as the
centrifugation demulsitics, it forms precipilale, broduse the

protein removed from the ol plobules is not dissolved.

A study of the hterature has led to the recopmtion of
two elusive poals in the development of un agueous
processing of coconuts. They are. list, the control of
condilions so that the protan survives the provessing
without becoming trreversibly denatured, and so that the
oil 15 recovered in goud condition, and sccondly, the
recovery of at least 95% of the oil. In order to actieve these
goals the critical operations seem to be extractuon of ol
from the fibrous residue, demulsificanion, and recovery of a
protein that docs not bind an excessive amount of oil.

Reported processes for tie aqueous processing of coco-
nuts apparently fail to achieve these goals. For example in
the Krauss-Maffetr process (2,1) the demulsification was
accomplished by heating, which irrevembly denatured the

40%

30% |

20%

0% |

1 L ] 'l A

0 ' 2 3 4 3
NUMBER OF TIMES RESIDUE WAS WASHED

FI1G. 2. Removal of oll from residue by tepeated washing with
water,

Of. CONTENT OF CRIED RESIDUE
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% MOISTURE OF CREAM

FIG. 4. Liffect of moisture content of cream on its invervion by

% OF OiL

. 'l

1.0 20
DISTANCE BETWEEN DISCS (MM)

FIG. L Fifect of dise spacing in laner Ml on ol globmle sy
and il etention of weandue.

protein, Furthermaore ca, 149 of the ol remained with the
residue and ca. 740 wath the protem

Qther wotks on wel processing ol covanuls s curecntly
in progress at the Tropical Producis hastitute in London,
The data reported by Tunonns (unpublished), indicate that
their residue holds ca. K3 ol the o, and that 5- 104 ol the
oil remuains with the protein.

METHODS AND EQUIPMENT

Batch centrifugation was performed an the laboratory
with a Sorvall Madel RC2-B Centriduge, with @ swingng
buckel rotor, Centrtugation wis ol Y000 x g at 30, for
10 min, Continuous contrilngbion was accomphished with a
Westlalia dise type contritnge (Model SAT-00-470), at 85 ¢
at & Now wate of approxomately HOO pal/he. Wel coconnt
was pronnd with o cuttimg ondl (Unebel Taboratonies,
Comiliol 3600) with cutting spaces of 025 mm, tollowed
by ol with wates i o dise atinbon ol Clhe Baves
Bros, Cod, wonnitly wath o dese spacing ol Q. Um,

Filtration was accomplished i the laboradory by Dol
spueezimg the growmd covonut with water through Hiaee
fayers of cheesectotle, Standand e thiogds were used (o1 the
deternnuation of o, st and proteim Gas s open).

il plobules wewe photographied at 00 magmilication,
ad the plobule dumcter measared s the resultngg photo-
prapln, Avenage plobule sizes were cals nlated exactly as one
caleubates o wesphit-avetage matecular weght.

GRINDING

The first enitival step in the processing s the wet milling
of the vovonut. The pramary puipose of the grndmg s the
beakdown of the Bibrons meal of the covonut, i ordes 1o
wmeweae e eltiveeney of esgractam of te sl and protew.
Howerer the gnndimg abv has the very mnportant etiect of
toanitinge o prestemn stalulized onlapewales viubsin. Eacessive
erndimg Lo cell mrntnre oed tennav ol ool owd Frevess e

shear, at pll 4.0,
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TABLE S

Laharatary Scate Material Ralance
fur the Aqueuus Procesting of Coconuts at pH 4.0

fruy Weight Weight protom, g
Mategiat wright, g oll, g {N x5.)

Fheous renidue

(washed 3 times) 78 15 1.6
Agucaus phase as 2 2.1
Nalids 7 2.9 3.6
Cream 310 ALY FL)
il (oo cream Jok Joa (4]
Peortern feom crean [X4) Jo 21
Ntarteng mateeig)

(1000 kg frevh

covotul meats) 550 Jns »n

wakes demuolsteation more ditficult. bnsnlbeient gnnding,
ot the other Tumd, resalts i ntolerable lovses o ail i the
reandue.

tn onder to evafuate methods of grindig the coconnt,
very simple cxpermenl was condocted. Thie ground coco
nut was squeezed through cheesectotl, then the residoe was
pently  puned with water and squeczed agiin, andd  The
wakhing epeated. The adea was that this washang would not
break any more cells than were brohen in the grinding
apetation, and theretore allow us to detemnne the anount
of aib present i unbroben cells, Presh coconut cat was
ground g blender tor the expenment reported i Fipure
2. The results show that the ol s praduatly washed oul
witl successive windies, with (wo washes bemnp adequate to
remove admost oll the ol not i unbrohen cells, These data,
combined with nucroscopic exannnation of the wet residue,
mdicate that ail globules ching to the covonut residue and
that washing s an chechive method for recovenng them.
Incomplete removal of thewe o globules may be partly
responuble {or the foluie of other workers 1o efficiently
extract asl frum the residue. '

In order to investigate optimum grinding, coconut-waler
mixtures were ground an the Bauer mll wath varyiog
distances between the panding surfaces Fibrous solids were
Iitered out with cheesecloth and woshed three tines with
water. The resulting average ol glolale size was detemnned
for cach gonder setting. The results are shoawn i Figare 3.
The dise spacing was vened foom O 8- 18 am. Phe hines
were drawn by least squates analyas ol the dats, and
indicate that us the dise spacing incieases the globule size
increases, and more ol wieftin the readue,

It was conwdered necessary that somewhat less than 5%
of the oil nroinn with the fibrous tesidue. The data
Figure 3 show that gnnding, which conditions the coconut
$0 that lesy than S0 of the ol remans with the residue,
forms o gobules about 10 g in dinacter. An emulsion
with oil gohules ol ths size should he expected ta be quite
stahle. To use another proteinstabilized ¢mulsion for
comparison, we note that the averape globule size of f'resh
caw’s milh woabout 10 gm (4). These expetanents sugpest
that a relatwely stable enulsion s the pine one prust Pay
for efticient wet-eatraction of ol from the teesh coconult.

CENTRIFUGATION OF THE COCONUT MILK

Fresh coconut was pround in the Winehiel Mil, then in
the Baner Mill wath 0.3 mmy dise spacing Thesw rnnding
contitions leave 407 of the ail i the resudine, as evaluated
by washing and squeezing through the cheesecloth. (1 was
decided to adjust the coconut sk to pli 3.0 (from ils
uninljusted value ot 6.8), because at tus pld the cmulbsion is
repadted fo be dess stable (8). The coconut nilh was bateh
centofuged, wsulBng m theee phases: soluls, agueons pliase
gl cream, The compositions of these phases e reported
in Table 1, where cach result s the averae of at least two
CXpUinnents,
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Note that miost of the oil and protein were centnfuged
into the cream phase, which containy 66%% of the protein
and HR% of the wl, The appearance of so much protemn in
the cream phase results from the fact that the ceatnta.
gation step did not elheently demulsity the nulk, The data
also show that the aqueous phase at pll 4.0 is very low in
both protein and ml. Also only a smalt amount solid phase
was obtained, which was about 4240 ail,

A simtlar expenimentl was caraed out on a larpe scale
with a disc tlype continuous centrifuge. Here however the
results were quite dillerent, with only 145 ol the protem
gppeanng in the ceeam plase istead of the 66%. reported
for the hatch centatugibion, Warh the dise centrituge there
was much more protem o the solids, indicating that the
disc centrifupge was o more ettechive demulsibicr, However in
both types of centidupe the od content ol the soluls ware
tather lugh, about A which sugepests that centolupation
ol the coconat auth under these condilions necessandy
resulis o an ady protem precipiiate

EMULSION BREAKAGE

A method wan necded for sepatating the emulsion o
viear ol agqueons pluse and solids phase. A criterion for the
method as that ot avord weesersibly denatsaing the protem,
ek as always the method niust be cconomically feastblie.

Flwe method  investipated  most thorouphly  was the
mversion ol the emulston by <hear, hinst sugpoested by
Sugarian (6). The adea s Lo tist concentrate the ol
gobules ol the emulsion mto g cream by centntugation
and then to convert the eream into a waterin-otl emulsion
by agitation violent enouph to break the pobules Subses
quent centalugation separates the continuous phise, which
w the o, from the wet puotemn preapitate.

Fhe dats in Figiae 4 show that the use of shear s
cifective ain anverting the coconut cmulsion if the waler
content is helow about 28% at pH 4.0, Normally when
coconul nutk was adjusted to pH 3.0 and centntuped, the
resulting cream layer was about 3% mosture, and agsta
ton ol the cream did not mvert the esulsion Fheretore gt
was eeessary Lo educe turther the mosture content ol the
ciean,. This reduction an mosture contenl was aecom:
plhished by adding coconut oil 1o the system belore
apitatig. Atter wutating and nverting the cimulsion, the
added ad was recovered together with the enginal ol that
was in Lhe cinulsion. Tuble |indicates the amount of oil and
protein recovered from emulsion inversion on the labory-
tory scale aqueous processing.

Once of the problems with the procedure is that the
protein precapitate is quite oily. The oil content could only
be reduced to 405 with quile severe aptation (3 min
agitabon at S0 ¢ with a4 high speed on a blender). An
advantage of the method is that the protemn recuvered was
nolrreversibly denatured, as judged from the fact that 70%
was dissolved at pll 8.0.

There ane two products of the pH 4.0 aqueous pro-
cessurg that are Tugh enough in protein content to warrsnt
comsideration ax Toud protemn, They are the solids obtamed
when the milh s centituged and 1he <olids obtamed when
the demulalicd cream phase s centrituped, hoth were
40180 oil. Although the eelative amounts ol the two
products were ditierent Tor bateh and contimuons centifue
pation, e both vases ahout 994 of the ol was eetamed with
e proten soluds, That 245 of the total ail represents a loss
ol marhetable o, wineh s the punepal product ol coconat
provessip from the consderation ol cconomics, Fhierefote
other processing methods wore convidened.

PROCESSING AT pH 8.0

Qil binding of coconut protein was investigated in an
altennd fov oesulonce o eaitain snitbe el wl L cr e MR
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was preparcd by blending coconul or soybean with water
and filtesing through cheesecloth to remave the solids. The
pH wvalues were adjusted, the mulky emulsions centnfuged,
and the nitropen and oil contents of the precipitates
mzasured. Figutc 5 shows the results. Note that coconut
protein binds ol considerably betler in the soelectne pH
range, i.e., at pt near 4.0. Soybean proten, shown for
companson, has a similar property. It is nol known how ihe
rexidual oil is bound (o the protein; however part of the oil
can be rermoved by ninsing with water, which supgests that
part of the sl is bound to the protein as ol globules.

Based on our knowledge of the pH dependence of oil
binding, wr modilied our processing scheme to that shown
in Figure 6, The centrifugation of coconut mulk s now
done at pll 8.0 instead ot pl 4.0. This modification was
designed to reduce the ol content of the precipitated
protein. We expected the protein obtained upon centnfuga-
tion of the nulk to bz low in oil because, as Figure §
showed, the protein binds less oil at pH 8.0. We turther
anticipated that the protein precipitated from the aqueous
phase would be low in oil, becauss there 1s little oil
available in the aqueous phase te tina to the protein, As
anticipated the results indicate that the protein obtained
when the milk is centrifuged at pHi 8.0, and that precipitate
formed when the aqueous phase is adjusted to low pli, only
have about 207 oil. An unexpected result was that the
cream phase only contained zhout 3% of the total protein
(for pilot plant centrifugation), as contrasted to 14%
observed for identical centnifugation at pH 4.0.

It was decided to determine a material balance for the
processing at pl 8.0 on a pilot plant scale, rather than a
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laboratory scale. We went to the larger scale becanise on
that scale we could use a desludpng, continuous teed
centrifuge, As indicated in this reporl, a4 conlinuous
centnfuge results in considerably less protetn in the cream
phase. Consequently a sipmficant effcct on the matenal
balance was observed.

The design of the pilot plant cquipment, the mateng!
balance for processing at pH R.0 on that scale, and an
analysis of the products are under active investigation and
will be reported or. at a later date,
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AQUEOUS PROCESSING OF FRESH COCONUTS FOR RECOVERY

OF OIL AND COCONUT SKIM mMILK

INTRODUCTION
COCONUT PROTEHIN qepresents o sab-

stantial sotce of  potentially  avadable
food protan v g number of tropical
countties Cuniently, worldwide proveth

ol coconuls resulls g abot 200 000
metne tons of covonut protem anadly
(USDA, 1971y L. protan s ctarently
not usable an Looad because of unsamtary
processing ol copra Conseguently ctlons
have beon provess fiesh
covonuts o ecevar toadprade proten
“0\\'\'\‘\‘!, the Plorceases, dc\clupml liave
been mathed by oancthoent recovery ol
ol and protom (Rapseblnnan and Steeme
vasan, ol

The purpose of this work i to describe
an economeal moethod for the pilor plam
processnye of cooe puts The processmyg s
desipned to puoduce coconut shim malk, o
nutntions product cureently produced
the htchen o on g farger seale by aather
rudunentary technolopy (Salon and Mam-
Quis, 1969) The palot plant processang as
presented s oo development ol pretinm
nary worh anvobang benchiescale process.
g lapenmoer ot 0, 1972)

nndertalon o

EXPERIMENTAL

filot plant operation

A simphiticd low Jceam fog the process s
shown i a1 Pilot plan operation was
performed vn g wate of approsunately Too 1
of coconut meats per dav The cocomitty were
purchased av hushed nuts teom g oo procer,
shielled manually and the coconut water saved
{1 e n Washed micats were
ground i o hanuner oull tlhhe Titzpatink Ca)
withe €28 i diam bebean e sereen, Tollowed
by prndmy m oo dese st aton o (Bauer tos,
Cu) with the dives set st anmanum cleatance

The pround coconut was brietly mnved with
heated covonut water (SOUY, o wath o corree
sponding wnount ot heated p swater, when the
voconut water wos not uaeds The nunviure was
pressed at S6opaoan g pulp press, apamst
wieen wWith boles 001 a0 G Batractn
with hot water, tollowed by the presane, was
wepeated twiee more. The two matenals esalt
g from the prosane operation are the iguud
fltgate (valled coconut nudk), and the soluds
(ealled remidue)  The tesmidue vae Lram the
press at 70 1 mstuee, and was dited
gotary diver, moa Row ol bot air Gilet an w ea,
1OU™C) The died esutue s o timal produt,

The coconut mdh wany tiltered tuouph g
viluntmg sereen (120 meady) s pemove the Lt
traces of geadue, The pIt ot the hiltered salk

Provessmng

way vl to 7.0 (Tromr 6.3) with sodium
hydronale The noll was pastuernized (ca. 1 e
at 6U'CY, then centituged g thice-phuse,
deshindping type sepataton (Weatfalia) - This
madel developy o centatus al Toree of 4,700 »
Gooat the sadius of the hole n the dise stack, has
g bowl capanity of 32 Bitee and wan aperatod
with o teed of B Tters per nitete The nodh was
centipfuped until the soluds capaaty ol the bowl
was teadhed, the fecd to the sepatatar stapped,
and the bowl tlushied wath agueous plase tor |}
mn betore destudping. Complete daludpm,
was porformed oaee ton esery 20 L of coconat
meats twed

Thive phases emveee Troan the sepatator (h)
The hphtest phase, waaatly  called
cream, winch inea G e ol on g wet baas ()
The aquesus phase, wsually catled coconut Jam
milk, whinh s o solution ol the soluble com

covunagt

FRESH, HUSKFD COCONUTS

ponents of the cocanut, with some suspemded
particles. With counter-cursent washing of tiw
wamdue, the aqueous pliase would contam o
9.5 solidy as 1t coanes Drom the separator, amd
3 A lids plase, conasting mostly of anaoly
ble pravein, which s died to give a hinal peod.
uct

i coconut cream s an oilin-water el
son witlt averare ol plobule size ol ca T0 g
i dmeter (Magenmarer et al, 1970, Hn
citbyon was difuted with o 1o redoee the
montuge cantent, then aitated witl o harh e
Loty pump toovert the emadsgon. Best rowhi
wore achieved when the temperanns was taised
toca B0 C beloge the apatatinm
ol the emulsien, o) and water were e
by st allowang o pravity separation twhien
tooh severgl mumutes) into two phasoy e
ous pliase and an ail phase The agqueons phs -

[N R FTNIN IR

[Remove shELLs |-2Relle oL 5uRN For rumL)

meats coconut

water
GRIND

{ wAsR & PRESS [—»{ DRY |—= RESIDUE

md 1k
| AbJust p 10 7.0}

aqueous phase

INSOLUBLE
PROTEIN

AGITATE

|

CENTRIFUGE}-23uCOUA
phasc

oil

recycle
oil

DRY COCONUT

[ SKIM MILK

Fig. 1-Simphtied low diagram for the aqueous processing of coconuts.
The shells were discarded in our nperations, but wouled be burned for

fuel in commerical processing.
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after  centrifugation, has approxisaately  the
wne composttion av the aqucvus sy from
the three-phase separstion ol the muk, The oil
phase was purificd by centrilugation, heating 1o
drive off rexidual moistuee, and decanting the
el Bom setsled sulids,

The insaluble protein recovered from centei-
fupation of coconut mitk was dried by freeze
deyig, The coconit Kim mitk was dried by
spray drying, with an sir outlel semperature of
vo. BS®C, zad air infer temperature of ca.
130°C.

Analytieal methedy

Standard methods. of analysis were used fog
aitrogen and crude fiber, Crude fat was based
on cther esttaction of dried samples, except for
the soluble voconut fraction, which required

=53~
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extraction with a chloraform-merhano! misture
(Bhgh anid Dver, 1959). Ash analysis fullowed
heating Tov 2 he at GERO°C, except fue she solu-
ble coveaind fraction which was ashed et
3t SSU° L Soluble carbohydrate way dsterapined
by measurement of reducing sugars in 3 cari
fied aqueons extract. the measurement fol
lowed inversion for | he at 607C m 0.7M HQY.

RESULTS & DISCUSSION

Products

The gross aralyses of the products are
stoows in Table 1. Al values are the aver-
aes of measurements on at feast two
independently  prepared  samples.  The
reliahility expressed represests the esti-

Table t- Typical compititions oY dried products

{nwluble Skimn
Reaidur protein milk®
% Crude protein (N x6.25) 34208 352 110 23 2
% Crude fat 4 3 < 19 19 S ot
% Crude fiber 25 4 20: 05 0.03:0.03
% Ash 0.6+ 0.1 ¥ o3 2 9 11
% Moisture § 13 & ¢ 2 05 v
t Catbohydiate, total® 60 3 unkrown unknown
% Carbohydrate, soluble 3.3+ 0.05 7 :+3 45 2
»

Cumposition with cuconut watee usedt in procesalay. See text for

composition withuut use of coconut water. Bichydrateid skim mill, was
am%-d I desiceator to maintain low moisture content.
By analysis, after digestion §a 72% sulfusic acld

Tabla 2~Exparimental recovery of dillerent components in the

procsssing of coconut mapts®

Fraction of commponent in product (%)

Component -
Total

Product muss oil Protein
Jtesidue 17b 5.8 7.0
Insoluble protein 5 0.7 20
Skim mitk 1.2 63
il 33 0
Total % recovered 93 92

B fur pilot plant pracessing of coconut meats unly; coconut water

was not used in the processing.

The standard deviation for each reault is approximately 2% of the

value in the table.

Tille 3—-Products from processing, as calculated tram experimental

recovnry, product compositions and materisl balance

—— ) ————

Mass of Protein in Ol in
Produet froduct product product
Rusidue 43 g2 1.5 kg 10 kg
{nsoluble protein 5.7 36 0.7
Skim mik 44 il.8 0.6
Oit 142 _“0_(') _ti_z -
Totals 234 16,9 153

YA sesutbis are on & dey weightt tuavis, Tl stargiog aateelad s 1000
kg of husked eoconuis (wet welght basis).

mated 957 confidence tevel tor the sum
of buth anatythical errars and vanations in
analyses due to small changes in process-
ing parameters,

The amalysis of covonut ol is not
included in Table 1. Analysas of the final
ol product showed o 1o contamn 044 o
A% free fatty acuds, with an wdine nume
her of 7.5 The ol was centrifuged to
clarity an the Liboratory and some precip-
itate was oblaned, with the smount of
nonoil solids beng 0.4 < 27 Coconut oil
from aqueons  procesang s therefore
stupenor to ol obtaned by crinhing co-
pra, whach saries widely m analyss, A
typical value tor free fatty acid content
of crude covunut o1l from copra would be
ca. §%,

The residue s a filrous  matenal,
which contains simall partaicles of dark
testa. Preliminary work shows that the
testa can be separated to sIve o very
light-colored product. The proten prod-
ucts are light brown or tan Al products
can he ohtamed slmost whate if the coco-
nuts are pared.

The products from processing of coco-
nul meats are shown an Table 2. Any
psoduct losses that may result from spray
drying are not included, because spray-
drying losses are expected to be almost
negligible in a commercial operation. AN
results are the averages of a1 least two
independent  experniments, performed
alter many prelimunary experiments that
were done (o determine optimum proce-
dures and operating parameters. The re.
sults reflect the productilo wes resulting
from multiple transfer of materal be-
tween continers and processing equip-
ment.

It is presumed that such losses would
be negligible in a continnous process.
Therefore a matenial balance was assumed
to calculate the products from the contin-
uous, large-scale aqicous processing of
fresh coconuls, with coconnt water being
used to extract coconut milk from the
fiber  (by counter-current  extraction).
Fresiv husked nuts are assumed to be 44%
mets, 31% water and 257 shelly (wet
weights), The results of this calenlation
are shown in Table 3,

These results indicate that 69% of the
total protewn s n the skup ol fraction,
amd 99% ol the coude fiber s 10 the resie
duc fraction. This separation of protein
from crude fiber s considered ane of the
principal advantages that ®agueous proc-
essing has, s compared 1o diy processing
of cocanuts.

Similar  calculations show  that  the
covenut skim b abo contams 387 of
thie saits (as vamated trom ady analyses)
ad 9795 of the soluble cartdigdeates of
the voconut. The skim ndh frachng
therefore contame the hulk of <1, e
abs and protess of Qe caconnl,

The prepasatiom ol producty wis pere
formed repeatediv, vath slatht Cianges in
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the pracessing. ‘Hhe obuervationes comid-
ered most sl ant agre the followinge

Effect of plf Cocomut milh was centne
fuged st plb valoes from 64 8 1. The
protemn content of the <ol Jrachon
was obawerved to beomdependent of pld
over ths raope D urthennore, oo apaihe
cant chanze e componation of e ol
Pe  protem was oleerved o pll
7.0 80

Use of toconut water, 10w observed
that only the duae itk Trachion was sips
mficantly  clongod e composition il
cocunul water wos not bsed i the proce
essiney When water  was di
carded, instead Gf beang used an process.
mg. the kam pnb frachon contaned
A0 1 29 crude protem 3 s 300 woluble
carbohydimtes, and 7+ 127 ash (see Table
).

Temperature Sl temperatures of
60+ 5 C were naed in the
Laboratory results andicate that s
capt hieat coapulation of coconut protem
doers not ovenr belose 787C i the wolvent
systear of the wgueous procesans (1
7.0, &9 suspenson of the skun b frace
tinn)

The temperatie used  dunng spray
diying G outle temgperature of 85°0)
did not reduce protan solubihty. Based
on four measirenaents cach, ab was ot
served that 89 ¢ 5770 of the mitrtopen was
dissolved for o spray doed sianple, versas
RS o S0 tor o freezedned contml and
B88% for a snple mcatirement onoap un
dricd contral (a1 2587C, pH 7.0, ca 0
solids in stuspenaon

coreoniuld

Processinyg

Estimation of product costs

tn makimy the cost estimate ol and the
skim milk frachon were constdered to be
the mam praducts of the agqueous proce
ety ol coconuts, and were made o
carry abl costy Cost of the skim matk e
tion wan caleulgted s total costs panus
mcome from o sdes. Total costs were
taken as raw matetnal costs plus process-
mg costs The costs were ealeulated toy 3
hypothetical processing plant, opesating
in the Plalippines, which would process
125 metre tons pet day of husked coca:
nuts,

Purchase prices of fresh, husked coco-
nuts in the Philippmes trom 1962 to
1971 averaped $34.200 per mictric ton,
acenrding to information hom the United

Covonul  Assacation of the Philippines
(1971) ond Lmata (1972). “This price
includes $0.70 per metric ton estimaty]
as transporbation costs. Crude oil prices i
the Phhippines, oo Lo the pevd
1962 1971, averaged $O11Y per b

Procesang codds for the hypotheniedd
procesany plant were estimated to total
S15 K0 per ton of hushed cocanuts prove
ewved. This cosl mddudes labor, cquipment
deprection, imteret on borrowed capr
tal, mantensnee, ubthies, wlnamsdration
and other nscethinceous expenaes. The
manmual shethnge o) coconuts is the lareest
procesang expenae, accountmg lor 300
of total processing costs. The estimated
total cqtupment vost as $650,000, he
total aetalled plast cost s Laken as 205
tunes the cquipment vost or $1,600,000

Based on these estimates, which con-
servalively assume 200 recovery of ol
(results aa Table 3andicate 937 il recov-
ety ) andc 69 recuvery of protein, it was
evtimated that the dned shm ik frac
uon vould codt M LoTh o produce.
shonld e borne pomind that any income
from other prodocts would reduce the
estimated cost of e soluble fraction It
might abho be pomted out that assump
ton of setoincome from products §and
Y has merely been g bookkeeping opera-
von. 1w anticepited that products b and
Y woulid, e, be marhetable commads-
ties.
An abtensite process

Analternate process has also been con-
sidered, in which the <him nulk fraction is
sub-frachionated into two components
anacd-preapitated traction, and  an
acid-solulde fraction. Our results have
mdicated  that pH 4.3 v optunum {ue
proten preaprtation  This aprees avel!
with data of Khaund (1971) on prepara
tion of wates from hexane-defatted coco-
nut meal

The pilot plant separation of the Lwo
fractions  was accomphishicd by adjust.
ment of the aqueous phase to pH 4.3,
followed by centntupation at ¢, SO0"C.
The frecee-dnied, acid precipitined frace

von, prepared  withoul  uang coconut
water in the  provessing,  contained
65« o7 crude protein, 24 - 4 ol

208 ashy, 0015 2 054 crude Niber and
3.5+ 1Y soluble carbohydrates. The acd
soluble fraction (also prepared withouwt

Appendix F, Page 3

wsing voconut water) contans 130 20
ceude proteig and 33 0 4 b Tas este
aated that with use of coconut water the
acrd-precipitated  fraction would ot
chanpe sipmbcantly sn composiion. but
the acid soluble fraction would change to
a composition of 1077 crude proten and
13% ash. From expeameital data and
matertal balance considerabhions, it v
estimueted that 465 o the Totai coonn
protein would be recovered imoan acid
precipitated protem fraction 1 10090 b
of htisked coconuts were prove wed, B2 b
of the acid-preapitated fraction would he
recovered, which would contain 7.8 L ol
viude proten (see Table 2.

Mraduction  costs for thi- alternate
process would be ahout the same as fos
the pracess resalting in the coconut shim
k10 o and the aand-precipstated pro-
tein are taken as the only marhetabls
products, then the cod of produans the
aepd-precipitated fraction would be S0 54
per pound,

In future reporty, detuded cheme
analysis of the products wall be pnvens e
gether with some biodagical evabication
mwlormation  on  stahility  and  phy ol
properties, and  discussion ol posable
foud uses,
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ROODERT D HAGINMAIER, CARL M CATER and KARL F MA rrit

Food Proter Research & Developmont Conter, Teaas ASM University, Cullege Station, TX 22843

COCONUT SKIM MILK AS AN INTERMEDIATE MOISTURE PRODUCT

INTRODUCTION

THI: J\QU'U".H PROCESSING of COCOnuLs cansists of cone
minuting fresh coconuts, mahing aguvous extractionts), and
centrifuging the resulting otlin-water emulsion (coconut mulk)
to obtain an ol phase and an agqueous phase called coconut
skim milk. Vanous aqueous provessing s hemes hase heen
vestigated. In thewr desenpuion of a recently developed proeen,
Dendy and Timmins (1973) pgive a pood set of referenec. an
the subject

The process used to prepare the coconut sk mulh v §
the present study was developed at the T ood Pratem Rewoge b
and Development Center (Hapenmaer ¢t al, 1970 In the
Texas A&M process, there 1s the option of using the caconut
walzr during the extraction siep. When the coconut water gy
used, the composition of the coconut <sam midh wolids are
changed as descritied by Hagenmaier ¢t al (1974)

In the process as used, the coconut muk was hath ARER U
ized (65°C for 15 nun), centrifuped. and the coconut b
milk vacuum evaporated at S7°C, atter whoh the v tare
content was ca. 60°F The concentrale was erthier spray dre ! at
108°C outlet air temperature, or further concentrated with o
laboratory rotary evaporator o 43°C water bath Betoeg

pasteunzation the pHowas rarsed o o 62 toca 75 1 he
purpose of the pll adjostment v to present protesn oo
lation, which 15 more hkely to oocur ab Low salues ot pll

e

(Hagenmuarer et al, 1974
It has become apparent tha! el o oF the o

step would be economically advanutapeous proviands b oo
of the expense of spray drying the s cmewnt 010 ton 4y )
of coconut shim mlh solids produced g plent o eot ot
optimum size. Therefore, o conventrated co o nut i stk iy

being considered as o Onal prodict Gor poaably as ot
suitable for shipment to o central desing faciiny, where the
operation  of  cconomioy-of-scale woull! et Jower vosl
drying).

Gonzales et al. (1971) have previon Iy looked af the stalaly
ty of canned coconut sham malh con.entrates, with 100 |
supar added as a preservative, Their bost preserved < oeples
contained 157 supar and 207 water and had pood orpano
leptic charactenstics after eipht weeks of storapee, prestisid )
at ambient temperature

The purpose of the present wotk s to examie effedts of
pH, mowisture content, iclusion of covonut w aler ! other
variables on the physical properties and storape stabiiy of
concentratud coconut skim mulk as stored under nonsenle
conditions

MATERIALS & METHODS

THE COCONUTS USHD were mature nuts nported from Homduras
and Jamaica The concentrate used for the balh ol the stabibits dat
(Tables 2- 40 Py 1) refers to product rebsadted rom apra o
products. Spray-doed coconnt ko milh Gl not contain e soluds
trom cocanut water. Before mitiation of the stibihity expenment the
diy (30 muosture) product, pooled fom several Peepatations, ad been
stored at 2¥ C for 8 months. At the besmmng of the storare LA
ment, the spravadoad product was reconstituted by sing witl w

for ea 1 B wath heatmy i o water bath, duremg whne e the tergor o
of the mivture rose 0 60°C Seddim sultite added 1o some Batches 1n
processing (in an unsuceessful attempt to produce lighter-coloned spray

dued product) would make the pooled spray-dned samples 0 0065 10
sodium sulfite, if none had been ovidized

For the storage stability dataan Tables 2 and 3, and gl | e
the rehydrated conventiate was subdivaded, sodim sultite whded .
necessaty, and the samples sealed i swparate plass cannimg jars Ll
amples were stored at 20 C o 4230 Soparale jars were opened
atter 4 and 31 days Tor analysis Bevause of the time tequnred Lo e
pare samples, 1t was not possible o analy 2o samples on day 2o

For the datain Tables S and G, and 1oy 1and 2 the connentr o,
was prepated by direct evaporation In progas stien of prodiuct e oo
nuts were not pared, 1o the dark testa or wed coat Was ot s Parated
from the white meats. The one exeeption i the relerene to th, libites
color ol voneeattate made lom pared meats

Viscosiies were measared with o ook bebd sicometor. wiel oy
hndrcal spindles Three readings swere tab e over a % mm inton o gt
the averape value used The obawenvations were made g1 1 v ol
cample temperature of 348

Monture contents were meavured by Lolacre distilaton tor 20 1y
Standard plate count conformed to AONC (100 el ove o b g
sprcad plates were used Other microbiolors ) e thods weie o 19 0
AOAC methods Values o plEwere meastiiod afteog nuvng Lot «aagriee
with 1op of bagle d, dinlled saier

Color measureients of refected lipht were Tooa, s glues obia o
with o Hunter colordilterence meter, stenbandized on winte 11

mntrarment measures whiteness os Lovalue v 00 100 <o 10 e
vale measures amounnt of blue and posttiee oovabue measures tedion .
Nepative woand bosalues were not encountered with the cen o ot
amples

Untramed panehats were presented with o - ipdes v bt e
uetl oas li\‘\l‘l.\_'i“ at | 1 ',.‘]h!-. ”Il‘ Tout \.lr!l|‘|- soen e ol TTELY
ab cach of the two products bemg compoaead Pamc it wese b s
part adenteal samples and pive 19 hedon patime oy o b a1l
bality oo avadvental panng i A

Paymlibenen relatve homdity was sy s d e adie, 1 00
mcthod of Pett (1973) Protemn solubilite wan ticasaresd a0 il
23 0 Aqueons suspensions ot 1O salids s st bl § e e
30 e and centatuped TS mam ot LIO0 < G A s daee
decanted and analy zed Ly the Kyeldahl me sl

For the mold prowth expenments adentitind sild e by ow .
sctaped olt muscellaneons samples of coeanan shoan b cor vhliat
Ihe mold was suspended i Lactose brott and plated out an o
dextrose apar At commencement of the storgee eApenmwent one deoyg

ol sispension was mised with T0g of concentoate The sanple piewas
waled o prevent monture los, but were opencd penedi ally o g s
mumutes toomantan acrobic conditions Lor all mold prowth ey
ments, the concentrate was prepared by diect evaporation of «ocenal
shun nulk

Measurement of free fatty acud, perovide value, and mitrosen vl
tent conlormed 1o AOAC methods Titeatable acdity was e rnined
by utration to a phenalphithalen endpomt Reduoing supars wen
termimed av desenbed by Trebold and Aurland (1963) Available [y sin.
was detenmmed by the mcthod of Carpenter (19610)

Lach reported obsenation i the averare ol at least two i ast e
menis

Obsepved differences weee pdped for statistil sipmilicanee by
analy s of aerape difterences and apphication of stodent’s 1 Whete
appropoate Gm Tables 2 and 3) the data were treated as Pattal Comn
Parisans,

RESULTS & DISCUSSION
Physical properties
Concentrated coconot skim milk s sy tup with honey Like
comnlensy amd appearance at monture contents of 25 40

The color of concentrate s hpht brows with tvpieal 1,0 b
values of 30, S and 11 at 387 mostore both Tresh amd econ
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shituted samples, Typical color values for spray-dricd product
Gt 3% monture) are 81, 0.1 and 9. The whiteness of freshly
rehydrated spray-doed product s sharply dependent on mois-
e content. witls mimumum L ovalue occurring at ca. 35%
uoisture (data now shown).

Concentrate munde from white. pared coconnts was much
wiiter than the product peepared from coconuts which e
tned the dark testa, Concentrate trom pared covonuts {(not
soray-dited ) hat L ovalue of 41 a0 389 mosture. All other data
i s arhicle refer to products made from unpared coconuts,

The relatiandnp between moisture content and waler ac-
vty s presentedan Fiture 1, over 4 narrow range of moisture
content. There s approxamate lincar dependence of water ac-
Hvity upon monture content. Al given water activity, samples
HCapprovimately 607 higher in mosture content 1 they ia-
clude the coconutl water soluds, thghes moisture content of
product with coconut water can be accounted for by the deh-
aueseent nature of coconut water, which has 47 moisture at
wiHler activity of 0085 The data presented in Figure 1 are
sitlar 1o previously reported data (Hapenmaer et al.,, 1974),
but are considered to be more aceurate,

Viscosly of intermediate moisture coconnt skim milk sam-
ples as o tonction of water-activity is shown in Figure 2, for
concentrate with or without coconut water. Coconut water
decreines viscosty, Over the narrow tange of water activity
mveshigated, the loganthm of vistosily shows approximate
near dependence upon water activity. \’uc(ml)‘ 15 expressed
o lunction of warer achivity, rather than moisture content,
meonder toempliasize the relittonstup between these two Crite-
sal properiies. Viscosity ol 10,000 op or water activity of 0.80
are vonsidered limting conditions because of anticipated
processinge problems at lupher viscosity, amd microbiological
spodlage at lagher moisture.,

Viscosity s also quie dependent upon processing tempera-
trres The dataan table 1 repont viscosity as a function of
Pprovessing heat. Viscosities in Table | orefer to concentrates
waith 32.S%7 monture, prepared without coconut water. The
viscostly e cadh case was deternined from 3 graph of Jog
VIsCouty ve pereent osture, The data indicate that reconsti-
tated spray doed samples have higher viseosity (presumably as
o result of deying heat) than concentrate prepared by direct
evaporation,

Additional expenments aindicated that concentrated with
H40™ moisture trehydrated fram product spray-dried at
“R°C) showed an average of 16% increase in viscosity after
heating 30 min g boiling water bath. This heat treatment
caused only 0.6 decrease 10 protem solubility (not statisti-
cally signtticant at 955 tevel). These data mdicate that for
cocanttt shim lk, viscosity is more sensitive than protein
sofubility to heat etfects. Because viscosily is so sensitive to
heat effects, the viscostty values reported herein only relate to
the present processing conditions.

Gelstion was observed after rehydrated, spray-dried prod-
uct (5995 monsture) was placed in the boiling water bath. Gela-
ton did not occur when samples of lower moisture content
were heated. Gelled samples gave 300% decrease in protein solu-
hility.

Storage stability

Samples of rehydrated, spray-dried coconut skim milk were
prepared as desenibed in the methods section. The experi-
mental design wis complete block, with two moisture levels
(3% and 370), two pll values (6.5 and 7 S). two storage
temperatares ¢ 0°C and +237C), and with o1 without 0.03%
added sodim sulfite. In addinon, sainples 4t 23°C (no sulfite)
were stored an light and darkness. The results of this one
caperiment are summarized in Tables 2 and 3 and in Figure 3,

The samples stored at 20C did not change in appearans
with | month's storage. However, the concentrate sto:
23"C changed color, with a dark hrown layer forming ¢
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uppermost 2 -3 mm. The data in Table 2 indicate that 23°¢
storage caused significant decrease in Hunter L, a, b values.
The change i pH s also statistically sipnificant, but was small,

No statistically signilivant differences were noted by taste
panel comparisons of fifteen panehists comparing prosluct
stored at 23°C for 1 month with fresh or frozen sample; only
SN correctly paired the stored samples. Those aix pave averape
tatings for 6.7 for stored nroduct and 6.3 for control, The
tiste panel evaluations sndicate that no gross changes in flavor
occuirred during 23°C storage.

The dataan Table 2 wpgeest that no changes ol any serious
consequence occurred with 1 month's storage at — 20°C. Ob-
served changes were cither too small to be of much importance
or were not statistivally sipnificant.

Of partivular importance in Table 2 is the duta that reflects
microbiological activity. The small pH clnpe sugpests (but
does not prove) that hittle microbiological aetivity has oc.
curred. The constant value of total acrobie plate count during
I month’s storage suggests that the product remained whole-
some.

The microorgamisms present in starting samples were for the
most part unidentified. Analysis of initial spray-dried product
indicated total acrobic plite count of 20,000/, total colitorms
of g, and negative values for Suimonella, V. cali, Staphylocoe-
cis gurcus, yeasts and molds. That moisture content is critical
to maintaining stable nucrobiological levels was indicated hy
an auxiliary expeniment: when water content was increased to
42% obvious spoilage occurred,

For further analysis of the variables affecting color change
the “total color™ change (AE) will be used. [AE? = ALY » Ag?
+ Ap? (Hunter, 1973).] The total color change from 2er0 lime

[~ r - ! I

09 | /‘

>

g
Fig. I -Water activity ;‘-‘
3s 3 lunction of moisture 3 o4l
content. Estimated 14
standard deviations W
are 0.01 unit of water ;'
activity and 1'% moisture. org

@ WITH COCONUT wAlrH

H WITHOUT COCONUT
wATLR

e b L b ]

30 a0
PERCENT MOIS TylE

Table 1-Viscosity of concentrate as affected by pracessing heat

Viscosityb Protein
Max processing tamp {cp) solubility
Pasteurized ot 65°C, 9,000 8%
but not spray dried
Pastourized at 65°C, 12,000 76%
then spray-dnied ot 98°Ca
Pasteurized 2t 64 C, 87,000 8%

then spray-dried at 108°Ce
a Averago outlet air temperature. Tho siiray driod product was re-
constitutell with watar ta form the 32.57% molsturn product,
Y AL 32.5% moisturn and J6°C, monsurad with Braoklivhi! viscomae-
ter
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can be examined if an assumption is made. The assumption is
that average color values for sumples in cold storage will be
taken as equat o color of the rehydrated, spray dricd coconut
skim milk at zcro time., This assumption is based on the fuct
that cold-stored sainples showed no significant color chanpe
during storage. Zero time is taken as that time after dry prod-
uct was mixed with water, pl! adjusted, portioned into sample
jars, and put into cold storage. These activities requred ca. 8
hr.

Using averaged values for cold samples as 2¢ro time values,
total color change at 23°C s indicated m Table 3. These data
indicate that ncither expasure to light nor added sulfite af-
fected colar chunge. However, color chanpe at 319 moisture
was only 34% of the change at 37% moisture, which suppests
that the problem of color instability can be lessencd by the use

Table 2—Changes occurring botwesn 4 and 31 days of storage
{or paired samplos

Change
Initiat Obsorved required for
Paramaoter observed value® changeb significance
Stored at -20“C
Standard plate count
{cotonicz/g) 14,000 42,000 2,000
Molsture {%) 35.1 -0.1 2.5
Brooktield viscosity (cp) 93,000 +16,000 21,000
Titratable acidity (mey/g) 0.074 +0.002 0.011
pH 1.09 -0.04 0.04
Hunter L volue 28.1 -0.2 1.2
Hunter a value 6.0 ~-0.1 0.17
Hunter b value 9.3 -0.02 0.27
Storsd at +23°C
Standard plate count
{colonies/g) 12,500 +800 1,900
Moisture (%) 336 -02 1
Viscosity {cp a1 35°C) 89,000 +8,000 10,000
Titratable acidity 0.076 +0.006 0 008
pH 7.05 -0.06 0.0?
Hunter L value 24.6 -3.5 1
Hunter a value 5.8 -0.2 0.15
Hunter b value 8.2 -0.8

03

® Each reported initial value is tho averags of at teast aght samples
Each reported change is the average change 10 at least eight rairs
of sumploes, with one of pair anatyzed after 4 days and one alter 31
days.

b Avorage change requirad for sigmficance at 95% level, calculated
from t test {or paired samples.

Table 3-Color change as affected by exposure to hght, sulfste
addition and mo.sture content, for paired samples

Number of

Treatmont Ee paired sampfles
No added suttite 3.9
0.03% Na, SO, 3.9

differenceb 0.0 4
37% Moisrure (o, + 0.84) 59
31% Mousture (a,, » 0.79) 2.0

differencet 39 6
Exposed 1o hght 3.9
Stored in dark 3.9

differencot 0.0 8

% Average 1018! cotor chango aftor ¥ month of storngo at 23°C
A difforenca of loss than 0.8 units It not significant at tho 04N
confidonce lovoal,
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of low moisture content,

The effect of pH on color stability is more complex, and is
shown in Figure 3. These data indicate that at pH 6.S the
samples darken faster (slope s steeper), althouph at plf 7.8 the
samples were much darker after the & hr required for sehy
dration and sample preparation. The samples with higher pll
experienced o big decrease in L value dunng the rehydiation
process (which involved heating to 60°C)

In a related experiment, the adverse effect of pit on white
ness was also noted  Solutions of coconut shim mik were
adjusted to selected pHovalues, died, and color of dry product
observed. Samples of coconut skum milk ot pll values of 6.1,
6.8 and 7.5 were spray diied to pive product with 1 values of
83.6, 793 and 77.3. Frecze diying the samples smmediately
after pll adjustment gave simalar resulis. These data suppes

100,000 -~ n m e gt e e e -

L

" [

a IO[XD': 4
v .
> A
:-’:, RLGION OF
o ACCLPTABLE
g VISCOSITY AND
= WAILR ACTivily
>

1,000t -

® WITH COCONUT wali R
6 WITHOUT COCONUT WAILR

——t— L) [
075 o114} OnG

WATER ACTIVITY

PR I

Q70

Fig. 2~ Viscosity vs water activity. Viscosity and maisture contents
were measured, and walter activity was read fram Figuee 1 Samples
were prepared Dy direct evaporation rather than teconstitution of
spray dried samples. Viscosity was measured ot 35%C, water activity
at 23°C.

35 . ] . . ‘ - . '
\f
"oy
Fig. 3-Decrease in 30 }- e
lightness (1 } as
function of tme a
and pH. Sturage was Y )
aH 23 C. Estimated MEAN ~N ?
standard deviation in ‘5 \
L value is 1 unie, pHoS
Ench L value is the 01}
averaged value for
six difterent samples.
ol-ee ——L o)
10 100 100
TIME  (hes)
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Tabile 4~ Changas occurring during storsge of coconut skim milk
at 31-37% moisture

Avgh Changs
initial Observed roq for
Parameter value Storage change significance®
Protein solulnhity (%) 81 30 days, -20°C -4 5
Proten sotululity (%) 01 30 days, #23°C -4 3
Reducing sugus, (%) 16 I months, 23°C  +0.2 0.2
Avatlabile lysine
(g/169 N} 39 3months, 23°C -03 0.4
Poroxide vatue lrulli
equivalenis/hy) 13 6 moniths, 23°C 122 10
Freo latty acids
{nos % of ot} 3.3 G manths, 23°C  -0.1 0.7

4 tnitiat vatue sefere ta snray dncd coconut shim milk

b Average change cegaond for significance at 95% level, calculated
from t tost for wgmificance, and basol on avarags of at least two
ohtarvanions for buth control and stored sample

Table §- Effect ol monture contunts on tima elapsed until ap-
pearance ol visible niold on samples of concentrate?

Monture No. of Average time
content samplos . (days)

8% 3 22

29% 3 29

3% 3 14

33% 2 i

35% k] 8

31% 5 8

J9% 5 4

B Samplos storad ot 23°C Concentrate includes cononut water solids
and was matlo iy direct evanoratt . Mold count aftor inoculation

was 80,000/

Table G- Effocts of variables on appearance of visible mold on
mocutated samplos of concentrate®

Time™ {days) until appearance
ol visible mold

Contro! Samplos with
{No sorbic acid) 0.1% sorbic acid
35° C Stornge
pH 5.0 7 100+¢
59 7 100+¢
6.5 7 100+
12 7 19
23°C Storaye
pH 5.0 10 100+¢
59 10 100+¢
6.5 10 100+¢
1.2 10 16
4°C Storage
pH 5.0 100+¢ 100+¢
5.9 100¢¢ 100+¢
8.6 100+¢ 100+¢
1.2 100¢¢ 100+¢

A Caconuts were axtractod with coconut water in making the con:
cenbiate Made by ddirsct evaporation {not roconstitutad). Mold
count aftar Inoculation was 540,000/g.

" Lt value iy averagn for two somples

€ N0 vivihlo mold was atanrved at tormination of experimont, which
was altar 100 days ol storaye,
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that clevation of pll during processing be avoided if possible,
Protein precipitation would best be avoided by avoiding excess
heating, rather than by elevation of pll.

Other parameters refated to storage stabibty are reported in
‘I'able 4. The obscrvations reported in Table 4, unlike those in
Tables 2 and 3. measure differences between spray dricd coco-
nut skim milk and stored concentrate. For control observa-
tions (Table 4 only) the samples were not rehydrated to form
a concentrate before analysis. The stored samples were coneen-
trates made by rehydration,

The data it Table 4 indicate that at 23°C storage reduction
in both protein solubility and reducing sugars, and also in-
crease in peroxule value, were significant at the 95% level,

Reduction in available lysine was signtficant at the 90%
level. A reduction in available lysine would supgest that the
coloe change was a Maillard browning.

The tise in peroxide value s considered a problem. Al-
though the samples did not have a rancid odor, the peroxide
vilue is probably approaching the danger pont. Use of an
antioxidant may be necessary.

Since the changes reported in Tables 2 4 refer to concen-
trates made by rehydration of spray-dried product, they do not
necessarily pive quantitative indications of changes that will
occur dunng storage of concentrate made by direct evapo-
tation. However, the data are assumed to give a valid picture of
the potential problems to be expected upon sturage of inter-
medite mosture coconut skim nilk,

The most serious problem encountered upon storage of
cocenut skim otk concentrate was the growth of wid, un-
wentified mold on an occasional sample, although no growth
was observed in the samples analyzed during the storage ex-
petiment described,

Samples of concentrate at maisture contents of 28 to 39%
were inocitlated with mold and the samples observed daily for
vistble mold prowth. The results, shown in Table S, indicate
that mold will grow on contaminated samples at 28-.39%
moisture, althouph with <lower rates at lower moisture con-
tent.

Prevention of mold contamination would of course solve
the mold growth problem. However, this approach would
probably involve use of expensive packaging, which would
seemn to defeat the purpose of considering an intermediate
moisture product (the purpose being to cconomize),

Thercfore, the use of sorhic acid as a mold inhibitor was
examined. Because the nonmal, unadjusted pll of the concen-
trate (ptl 6.0 6.5) is near the upper limit of effectiveness for
sarbie acid, samples were prepared with different pll values.
The results, shown in ‘[able 6, indicate that st pil 50 6.5,
sorbic acid (0.1°%) is effective in controlling mold growth on
concentrated coconut skim milk at 30% moisture. Refrigerated
storage is also effective,
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DEHYDRATED COCONUT SKIM MILK AS A FOOD PRODUCT:
COMPOSITION AND FUNCTIONALITY

INTRODUCTION

“COCONUT MILK™ is the name com-
monly piven to the liquul prepared by
aqueous eatraction of ground-up coconut
meats. The ol content of coconat unll,
differs markedly from that of cow’s nnlk
while cow’s nmulh has about cqual amounts
of a1l and protam, coconut nulh has about
ten times as much o as protein. Remosal
of the excess ol by centritugation yichls
a produdt gereradly called coconut b
milk.

Coconut skun milh has been previous
ly consudered os a0 haph protem foad
product (Rajasckharan and Sreenpnasan,
1967, Salon and Mamquis, 19069). How-
ever, the product s still not avatdable
because of problems encountered in larpe-
scale prepanation. The problesms center
around difficulties  with  certain unt
operations, especially  the Jdhiaent sepe
aration of ol trom other componenls
(Hapenmaier et al, 1972a). Oil separation
is important beaiuse the effioiency of ol
recovery defermines the cost "ol the
coconut skim mlh, Revently, o process
has been described which achieves ca
915 recovery of ol and produces a dried,
cconomical coconut skim anlk (llgen
maier et sl 1972),

The purpose of this work i to present
a chemical description of coconul shun
milk, describe some  physical-chenneal
properties, and present some faste panel
evialuations of reconstituted coconut skim
milk as a beveraye, Hoas presumed that the
analyses presented will provide o chenneal
Lusis for interpretation of the physical,
chemical and nutntional charactenstics ot
coconut skim nulk.

EXPERIMENTAL

AMING ACID analyses were performed by
standard ion exchange sepatalion of protemn
hydrolysates, with eysteine analy zed separately
as eysteivc eoid, No cotrections were mnde Tot
destruction of anno acdy durmy hyadraoly sis,
Each eported value as the average of at least
three results, Methiomine was not analy zed 1ot
separately; however, o N; o was used duning
hydralysis to prevent onadation,

Protem solubulity wan measuied by iy
product with dastalled water, agttatimg tog ca
min at room temperature, easanmg pll, then
centrifugine 1 mm at 25,000 % G The supet
natant biquad was tdeeed throuph Witman ne
A1 fdter paper and analyzed 101 dissolved pro-
tein by Kjeldabl analy sis, or by the Lowry techs
nigue calibirated apainst Keldahd.

The amount of protem precipitated by heat

cogpulation  was detetmined by heating an
aqueous suspeasion of product tor 20 nnn, then
vovhing 10 2% € Any water evaporated off
duting heating was added back and the protem
solubility then measuied atter centatuping and
filtening

il content sy determned atter wedung
the bpid extract whtgned by the diloratorm
methanol extraction method ot Bk ond Dyer
(1959 1he il was gnclyzed by
standard methods

Redudy measied by the
Munson and Wb er method as desonbed by
Iriebold and Autand (1968 Redacme supans
atter mversion wWere measuted atier by oting the
water entrant Tor 1o gt 60 Coan 0078 HO)
Suctose wlontitication was pvade by matclung
pos ditenateeaply patterns with standards
(rnnethy labvl dernatiee, ol the samplesy be-
fote and alter mveraon

Fagumilibriom montuie contents weie meas:

catiactod

SHPATY M

ured after exposre of wmples o atr ol con
trolled relative hunudity wntd appatent equith.
fam was attamed (oo further weght Changeed
Viwosty  was ez with o Brooktweld
viscometer, with the spandle cototimy at 10 spun

The low molecular wer il mttopen i den
ay the mitropen that passes theouph an aliral

tration  membrane with o cited molecula
wep it ocut-ofl ol Lot Membranes we
cheched for pasage of Lineer molvoules by

ultpabilitation of hovine senmm glbunnn oty
tons

Mincral contents were deteananed by
dtomtc whsorplion spectromeiny, excepl o

vitonde and phosphioras Chlande was detes
mined by volune tone anady s, and plioaphorae
fram wepht of a phospho medy bdate ot «

Samples of debvdeated coanut b eatd
were prepated with palot plont Coapunent Y
prepatation was av desenbed Iy Ho ensiner ot
al (1973). Fhe preparation comnty ot watg

Table 1~-Chomical analysis of spray-dricd coconut skim milk

Coconut water

% Compositiont

Tap water

used in used in Standard
processing processing dov
Protein
Crude Protein
(N x 6 25} 25 30 0.8
Low Molecutar Wt
N (o5 % ot N} 8 7 0%
Fot
Crude Fat 5 7 1
Free Fotty Acids
s % of Out) 3.2 1.4 0.3
Non saponfrables
{ss % of Oul) 3.2 0.5
todine Value
{as % of Oul} 6.3 - 0.7
Curbohydrates
Reducing Sugars 28 20 0.2
Reducing Suyars 45 37 1.6
after inversion
Sucrose 33 - 1.6
Crude Fiber 0.03 0.03 0.02
Minerals
Phosphorus 0.5 05 0.05
Calcwum 0.17 0.06 0.01
Magnesium 0.26 0.26 0.03
Potassium 36 33 0.2
Sodium 09 1.4 0.3
Chlonde 1.6 1.6 0.2
Ash accounted for® 8.2 9.3 04
Ash by analysis) 8.8 9.2 0.%

B Oy calculntam lrom stated minaral contents

U At 1ovet of I moistute
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evtraction of ground coconut meats, removal of
oy by pressure filtcation, snd separstion of
agacous phase trom ol plase with g centrifupe.
The agqueous plase was doed by spray deying at
at outlet temperatuges of KBS -923°C, except
ahere nated,

the water wwed i patot plant preparations
was dap o water whinch was very ol o typical
composition W pp becarbonate, 130 ppo
N sd ppm UL LS ppm Caoand 0.5 ppm My,
Pasilled water was used o ibaratory work.

MU tcaalte reportad e tables gre the aver-
aonbrcalte b aabvses ot at feast two inde-
1 oulently prepared cunples.

RESULTS & DISCUSSION

FABLE 1 sbows the chemical content of
died coconut sk mdh . The values for
proteny, fatoand asboare sumlae to the
vaiues reparted by Rao et al (1967) for
caonut b mulh prepared by the
KRivs Mutter process Inaddition o the
wonlts shown i the table, the coconut
stam bk made wilh of voconut
water had the tohowing trace mineral
contents D4 ppan of aodine, 70 30
P of aton, S0 0 ppm of copper, |5
S ppm ool marnese, 3 U ) ppm of
rompnm and Jess than D ppan of cobult,

Some ol the voadials i the products
were contributed by the tap witer used ain
precessiy. The product made with coco.
nat o water as the extractog hguid was

tise
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Fig. 1-Solululity as tunctiun of pH, for coco-
nut skun aulk fat 25" C, 10°% solids).

nude with only sbout 0 Sg tap water per
g coconut meals. The product made with-
oul use of coconut water was made with
450 tap water per g coconul meats. In
the latter case, the jons n the tap water
would contrihute the following caleulated

Table 2- Amina ecid composition of spray-dried coconut skim‘ n_tllk

Ratio to Ratio to
Amino acid 9/1Gg N2 egy values? FAQ putternb
Essential
Isoteucine 2.6 39% 60%
L.eucine 54 61% 110%
Lysine 4.6¢ 7% 106%
{Total Aromatic) {6.1) {61%) {106%)
Phenylalenine 38 65% 132%
Tyrosine 23 55% 80%
{Total Suttur Containing)  (3.0) {54%) {70%)
Cysteine 1.7 "% 84%
Methionine 1.3 41% 56%
Threonine 24 47% 83%
Tryptaphan 0.9 56% 62%
Valine 4.0 55% 93%
Noncssentiol
Histidine 2.2
Arginine 15.5
Aspartic Acid 1.1
Glutamic Acid 22,0
Serino 3.7
froling 3.5
Alonine 1.1
Glycine 3.8
10TAL %90 o

A Standard deviatian s on 0,19/ N

DL ach anuino aenl cantent was divislod Ly amino acit contant of egg of
1957 FAO provivional pattarn, for same amount ol miteagen. Egy and

FAQ vatuos used
Ruquiremants,

woro 88 roporied

n FAQO/WHO, 1965, Protein

€ Avarlatin lysing was 4 30/16g N tar sanples froese dowmt or spray

dred At ae outint temparaturos ol 1818
N at arr outlot temperatures of 107

1057C, ducreasing to 3 Hy/16g
1167 C. Availabla lysinog was

duturminaed by tho mathndg of Carpontur {1960).
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Fig, 2 -Sulubility as Tunction of cancentration
fe caconut skim milk {at 25" C, pH 72.0).

ion contents to the dried product: sodi-
um, 0.0, chloride, 0.29%; calcium,
00070 magnesim, 0.002%. Based on
these data, at is evident that the increased
sodium content of product made without
covomitl water s due fo sodium i the tap
water,

Froas the data in Table 1, it is seen
that crude protein, plus ash, plus mois-
ture, plus crude fat, plus reducing supaes
after anversion equals only 864 for
product prepired with or without coco-
nut water. The P49 unaccounted for is
currently  umidentified and unexplained.

The amino acid content of coconut
skun ok was not observably depemdent
o the amount of coconut water used in
the procesang. (Not surprising, since the
covonul water containy only 3% of the
totel protemn.) The results in Table 2 are
averaged amino aoid contents of samples
preparcd  with and  without  coconut
water. The amine acid contents in Table
Y oare sunilar to values reported for a
siemlar product prepared by Srinivasan ot
A (1964).

Fhe solubility of spray-dricd coconut
shim antk as o function of pH is shown in
Fagure 1. ‘The results are averaged from
cxperiments  with  two  independently
prepared samples, cach prepared with use
of coconul witer. The product is shown
to be highly soluble except in the pil
tanpe VO 00, ‘These data suggest that
coconut skun matk might be siitable for a
neutral pll heverage,

The eftect of concentration on solubil-
iy, tor the same preparations, is shown in
Fagare 2 The amount diseolved is shown
ta be neatly o conmtant fraction of total
wolils over the entire concenteation ranpe
mvestigated., Approximately 90% of the
proteam and tatal solids were observed Lo
be soluble at pil 7.0 and 257C. Addition.
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Fig. 3-Protein solubility at 25°C after 90°'C
haat coagulation, for coconut skun milk fat pH
7.0).

al data indicated that solubility continuel
to be high at 67 solids and 337 water.

The heat coapulation of the protems in
coconul skim mudk was also observed.
Figure 3 shows the solubuhty at 25°C and
pll 7.0, after heating the samples 1o 90°C
for 20 mun. Solubilty  decredses with
mereasing  concentration. However, -
ereased concentration with no icatine dad
not reduce protern solubibty (swee Vig 2)
Therefore, the data of Figure 3 idicate
that stability to heat cosgalation s better
at low concentigtions (2 V7 ol
Although 2 340 solids is below the usetul
concentration range for ccononie prog
cssing, the heat stabihity at these low
concentrations may be an advantage
some product apphcations,

The data n Vable 3 show the com-
bined effects of plt and temperature on
the heat coagulation of the coconut shim
milk proteins The resulls are avetaged
from two experiments with ndependent-
ly prepated spray-dred samples (prepared
with coconut water). The datas indicate
that an upward adyustment of pll (from
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Fig & Viscosity as tuncuion of cuncentratian
for coconu? shun ek (pH 2.5, 30 C).

the unadjunted value of 6.0 65) will
prevent heat coagulation. These resulls
dre n aprecment with data fer purniticd
voconut  proteins Hapenmmer ot ol
FOT20) The dataan Fable 3 suggest that
covonut skl can wathstand the heat
Ueatment used 1o stenhize eveporated
otk without much protem coapulation

The monture cantenis of wanphbe of
cocanut shan omedh sobids at repulated
vadues of refatie humndity are shown i
Table 0 e data ~how that coconut
sham malk s ey The
temdeney (o coconut shan malh 1o bind
water s recponsible tor the dithiculty
experienced o deying this product Lhis
dithiculty has also been noticed by others
(Ragasellaram and Steenvasan, 1967).
The samples tost ther powdery chunadter
and becamg aqund over the
cntie range of water acinaty jnvest pated,
043 091 The hyproscopie aature ot
this product presents parbicular problems
because  tropical cocanut producing,
regons are ansatably quite hnad B
asstmed that the potassiun, sodim oud

hyproscopic

plasay or

Table 3-Etfect of pH on irreversible hieat denaturation of the pro
tein In coconut skim milk, Protein solubility at 25°C after heating for

20 min at specifiod temperature

% of Protein dissolved?

PH_25°C  ss°c  70°C
80 84 82 83
75 84 83 85
70 83 83 83
65 82 81 80

® Er-h sample was U% sobids and 95% water

as,

80'C 90C  95C  125°Ch
3 80 80 92
81 80 16 79
79 75 70 75
75 49 44 43

Standard deviation is e,

bne samples 8t 126°C wnre sutociaved.

Appendix 11, Pape 3

suerose in the samples (see Tabde 1) e
responsible Tor most of the water himdiog:
The water bindupe of asolated coconu
PMoten has beer previoinly  epoitod
(Hapenmuicr, 197

The data o Frpure 4 show 1he viveon-
ity of soluniony ol coconut sham ant),
The viscosities e sibar o data tor
suciose solubiony b the sane caoncenti
tions over the tange 0 6y - sodids, whi )
is probably due to the hph sucrose con
tent of the samples  The solutions uaed
for viscosity measurenients were mad- n
the Liboratory with covonut water used
as an extractimg Inpnd, The viscosity g
will be of interest for product apphn o
tiens  and a0 procesany work where
viscous solutions are handled

The specthic pravity wan measured teg
solutions of coconut Van aall, propated
i the libotatorny Dota Tor specilic pran
ity al 30°C was uned 1o develap cquation
(1), where £oo taben o the wepht i
tion of soluds

Sppe L0 v o (o vo 120007 ()

Fag 8y can be used 1o et o rapald
estimale ol solids content foom me cwute
ment of specthic pravity oser the concen
tration tanype ) N0

For taste panct exaluation. samples o)
sprtay doed sham alh ware
mixed with tap water an ! senvcd at room
temperatire Preterene with s
member panch worn RN FEAINA
Best concentration Thete was no statindy-
cally sipmihcant preterenoe over the con

sodtds

Cooonut

tests

RIS I

centiation nnge S 1S T walnds There
tore, conventation wae aelected e
from nutnthional consuderations Selevted
voncenttation was 1 S0 solids which
wouhll pive 375 Crude protem when

tormulated wath oo dey wimple contannng
30% b protem

Fora comparnson with oy shan mnh,
cach panehist wos sumal ey present
cd two umdentihicd samples one of (e
hydoed coconut sk malh, (12 &
i and one of rehydiated NEFDA (0040
sabids) Wath 20 panelints and o hedaong.
wore ol b9, the coconul sham milh
scored 6.2 and the rehydiated NE-DA

|

Table 4-Equitibrium moisturo content of
coconut skim milk, at 25°C

% Moisture after equilibration

Water Prepared with  Prepared without
gc.l.ivi:v coconut water coconut water
0.91 )] 48
0.84 36 33
0.81 36 k)

0.75 24 22
0.43 8 10

B Standard devimtion s 2.5%.
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wared VLS. The probability (P) that this
difference s due to chowe was calesated
with sttdents' { to he S0 <P < 0%,
Samples of dehydrated coconutl shim
nulh showad no evident deterioration
with 6 months storgge ot 20 307C as a
dry powder an pelass contaners, Wet sam-

plev  were wable 1o mictobiological
prowth at mosture contents of 320 or
less.

The  datw presented i this  paper

tehemiaal analysis, functional properties
and organoleptic eviduation) supgest that
covonut shae il mught be used i the
tormulation ol an acceptable beverage or
wiber food product.

The next stage o our research involves
+ nulntional evaluation of coconut sk
milk and 0 oamoee detaled look at food
wses. Caretul consuderation s also bang
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DEHYDRATED COCONUT SKIM MILK--199

given to the construction of a ficld gulot
plant for production of approximately $0
kg per day of dehydated coconutl skim
nuth o 10 is ostned that with such a pilot
tavility o reasonably aecusate estimale
may be made of production costs.
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ROBERT HAGENMAIER, ROMMANEE LOPITAKWONG and SUKONCHEUN VERASESTAK UL
Food Protein Research & Development Centor, Toxas ABM University, College Station, TX 77843

A Research Note

NUTRITIVE VALUE AND FOOD USES OF COCONUT SKIM MILK SOLIDS

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 heen developed at Texas A&M
University for economical production of oil, concentrated or
spray-dricd coconut skim milk, insoluble protein, and residue
from fresh coconuts by aqueous processing (Hapenmaier et a).,
1973). The composition and physical propestics of the coco-
nut skim milk so produced have been recently reported
(Hagenmaier ct al., 1974).

The purpose of the current work is to report on atritive
value and food uses of coconut skim milk products as preparcd
by the Texas A&M University process.

METHODS & MATERIALS

PROTEIN EFFICIENCY VALUE (PER) determination was determined
according to the AOAC (2970) methnd, by WART Institute, Inc. The
reported values were corrected by multiplying the factor required to
adjust the control casein values to 2.5, Fach PER rell is the averape
result for one batch of ten rats,

The amino acid analyses were petformed by ion exchanpe separation
of protein hydrolysates, Tae basic amino acids were cluted with 038N
ciltate buffer at pH $.27, 55°C; acid amine sads with 0.2N citrate
buffer at pll 3.30, $5*C: and neutral anuno actds with 02N citrate
buffer at pH 4.25, 55°C. A nitrogen Nush was used to prevent methy-
onine oxidation during the acd hydrolysis. Cysteine was analyzed
sepatately as cysteic acid. Tryptophan was measured by the method of
Kohler and Palter (1967). All teported amino acid contents are aver-
aped from analyses of at least two vdependently prepared samples,

Taste panels were conducted hy presenting the untrained panelist
with two coded samples. The sunples were woted on a mne catepory
word scale ranging from “dishihe extremely ™ to "hke extremely.” 1o
data analysis the categuries were praded fram one to nine,

The coconut skim muk products were prepared wath pilot plant
cquipment, appronimately as described prestoundy (Huagenmaier et b,
1973). For prepatation of the concenttate the coconuts were shelled
and the testa pared off. The coconuts were commimuted and extiacicd
first with the coconut water and next with tap water. The liguid extract
(coconut milk) wus centrifuged to give three products: an aily phase
called coconut cream, an aqueous phase called coconut skim milk, and
8 solid phase called insoluble protein, The coconut sham milk was
vacuum evaporated at S5°C o give a concentrale, Spray-dnied coconut
skim milk was prepured similarly eacept that the testa was ot ree
moved, the coconut water wan not used as an entractimt, amd the cone.
centration step was lolluwed by spray drying: at 95°C outlet air temper-
ature,

1324-JOURNAL OF FOOD SCIENCE - Volume 40 (1975)

The control beverage was fresh coconut skim pulk prepared without
heating or evaporation in order to preserve the fresh cocanul Laste
Fresh mature caconuts were ground, m a hammer mill, eatracted wath
tap water (hall the weight of ground coconut), and the mture
squeezed against cheesecloth, The cocanut mtlh was allowed 1o stand
2 separatory funnel for 30 min white e ol vlobules tose to the sar
face. After first Nushing out solid sediment, the coconut shim mith wae
drained out. All beverages were served at 15 ¢

The coconut pudding consisted of 320, water, Sy apray ducd cocos
miy skim mitk, 758 brown supar, 28 corn starch, 28 Ccovnnut cream
and 1p salt. The coconud cream was prepared with pilat plant equip
ment as previously descnbed (lapenmaier ¢t al, 1973 and contamed
65% ol and 327 manture,

The milk and cpp custard consisted of R2yp epy yolh, 29% whale
milk, 24p brown supar and 0.8 wll Hoth desserts were conked g
walet bath ina 177 ¢ wreet The nulh and e cusband was cookod for |
he and the coconut padéa for 30 nun. Botly were refnperated for 3

before serving.

RESULTS & DISCUSSION

THE NUTRITIONAL VALUES of coconut shim ik prod.
ucts are reported in Table |, The cancentiated covenut shim
milk has slightly lower PER than the coconut meal Spray-
dricd coconut skim milk has greater reduction in PUR, which
was presumably caused by the spray-drying step. It has been
previously reported that spray-drying of coconut shim nuth at
air autlet temperature of 107°C and above causes reduction n
available lysine (Hagenmaer et al., 1974), However, il s poss-
ble that the higher PER of the concentrate s duc to the
presence of the coconul water o1 the ahsence of the testa or
seed coat. Rami Rao et al, (1967) reported a PER (apparently
uncorrected) for coconut skim milk to be 1.0, compared to
thei= value of 2.1 for whole coconut protein, The lower PR
for coconut skim milk (compared 10 whole proteim) may be
accounted for by protein fractionation dunng processing. The
two principal protein fractions obtaned from the Tenas A&M

Tabla 1-Protein elficioncy ratios

Correcind
Proparation PER
Coconut meal o J.?—.rt.—
Concentrated coconut skim milk 1.98
Spray-dricd coconut skim mulk 1.67
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University process are coconut skitn milk, containing 70% of
total prolcin, and the insoluble protein product with 21% of
total protem (Hagemmaer et 21, 1973).

Previomsly reported data indicate that the most limiting
amino acids of coconut skim milk are isoleucine, methionine
and threomne ba.ced on cpp values, or methionine, isoleucine
and tiyptaphan based on the FAO pattern. Al of these limit-
ing amino acidy are hiphet in the insoluble protemn, as the data
in Table 2 indicate. These daty supgest that the reduced PER
of concentrated coconut skim nulk, as compared to whole
coconut protein, is accounted for by protein fractionation,
rather than by processing conditions. Based on reported amino
acid compositions of Lrge and simall moleculur weight coconut

Tabla 2-Amino acid composition of the protein fractions

insotuble
protein {p/16g N)b

Cocnnut skim

Amino acid mitk (g/16g N)®

Estential
Isoleucine 26 3.7
Leucine 6.4 6.3
Lysine 46 2.6
Phenylalonine 3.8 4.1
Tyrosine 23 29
Cysicine 1.7 1.3
Methionine 1.3 2.2
Threonine 24 3.3
Tryptophan 09 1.1
Vahine 4.0 4.9

Nonessential
Histidine 2.2 14
Arginine 16,5 131
Aspartic acid 7.1 8.2
Glutamic acid 220 16.2
Serine 3.7 4.6
Proline 3.5 3.6
Alanine 4.1 39
Glycine s 3.8

TOTAL 809 86.2

80ate trom Hagonmaier et al., 1974,
"Anugod rosult from two indepondently prepared samples. Stand-
ard deviation is ca 0.1 g/1Gg N,

AeRSEALF Sonf itk SoLips-1328

protein (Magenmaicr ¢t al., 1972), the covonul skim milk
scems to contain less of the large molecular weight protein.

Two food uses for zoconut skim milk were organoleptically
evalualed: a beverage and a custard,

A beverage was made by reconstituting concentrated coco-
nut skim milk with water, ‘This beverage (at 135 solids) was
served to panclists, along with a control consisting of a fresh
coconutl skim milk control, which also contained 3% solids,
The fresh coconut skim milk was chosen as comparison be-
cause it is o familiar food in cocorut-producing countries. I he
averaged results from 40 panclists was 4 score of 6.9 for the
reconstituted coconut skin mulk, whereas the fresh beverape
scorcd 6.2, Upoun application of the student’s t 11 was deter
mined that the reconstituted beverage had a higher score at the
98% confidence level, The sigmificance of this expuesiment
that the taste of coconut skim milk is not impaired by the
processing which includes heating and evaporation steps,

Reconstituted, spray-dried coconut skim milk beverage was
previously reported to be preferred to reconstituted nontat
dry milk (Hageamaier ct al., 1974).

A dessert pudding was made with spray-dricd coconut skim
milk. This pudding was presented 1o a taste pancl along with o
milk and egg custard. The averaged results of 34 panclists inds-

.cated that the coconut skim mitk pudding scored 6.7, com-

pared to 5.1 for the milk and cgg custard. Upon application of
the student's t it was determined that the coconut pudding
had a higher score at the 99% confidence level. This result
would suggest that coconut skim milk has potential uses in
pudding and related dessert foods,
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Abstract

Cocoirut residue is the insoluble material left after water
~vrraction 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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Introductien

Fresh, wet coconut meats can be comminuted and extracted with
water to give coconut milk and an insoluble, fibrous product which
will here be called "coconut residue" after Rajasckharan (1964),
and Dendy and Timmins (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 1its high
fiber content, and in a recent economic analysis zero value was
assigned to residue product (Hagenmalar et al, 1975). However,
recent concerns about the low fiber centent of the Western diet
(Burkitt et al, 1974; Scala, 1974; Spiller and Amen, 1974) have
raised the possibility that coconut residue might Hbe 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 Hagenmaler et al (1973), with
similar results. 7The oil content of dried residue is determined by
efficiency of oil extraction and is quite dependent on processing
éonditions (Hagenmaier et al, 1972; Dendy and Timmins, 1973).
Typical oil content of 24X 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
and oil free basis, is ca. 92% carbohydrate (by difference). Mukherjee
and Rao (1962) and Rac et al (1961) have reported water-insoluble
mannan and galactomannan i{rom c¢zonuc, plus highly branched water-~
soluble galactomannan. RNendy and Timmins (1974) report that 50%Z of
coconut carbohydrates are cellulose, which would presumably be
concentrated in the residue (the water insoluble fraction). Caray
(1924) reports copra carbohydrate to contain 36% cellulose, 5.5%
galactose, 1.1Z galactan, but no manfnose nor mannans. Nozawa et al
(1969) reporced mannan in coconuts. Based on these reports the
carbohydrate composition of coconut is somewhat uncertain.

Materials and Methods

Residue preparation: Processing was approximately as described

by Hageumaler et al (1973}. Fresh, mature coconuts werc manually
shelled, and the testa optionally pared off. The meats were com-
minuted with a hammer mill and & 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. Dry residue was hexane extracted andAground to a flour.

With one exception, reported results are the average of at least
one gbservation 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 coollng to room temperature. The
mixture was placed in a centrifugal filter fitted with a cellulose
ester membrane (Millipore, 5p 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. O0il 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 residuc samples were
acid hydrolyzed as described by Easterwood and Huff (1969). The
carbohydrate content (as dextrose equivalent) was determined by
analysis of reducing sugars of a sample of neutralized filtrate
(Triebold and Aurand, 1963). Neutralized filtrate was freeze-
dried.

The trimethyl silvl derivacives were made from freeze-dried
filtrate (or dried sugar standards) and then analyzed by gas
chromatography approximately as described by Richardson et al (1971),
except that the column material was 3% SE-30 80/100 chromosorb W,
and temperature was programmed (140°C for 2.5 minutes, followed by
{ncrease of 4°/minute for 30 minutes). Peak arcas and retention times
were measured and recorded with & Hewlett-Packard 3373B integrator-
recorder. Zero retention time was taken as time of injection.

Residue was incubated with amylase to check for possible
presence of starch. Crude hog pancreas amylase (100 mg) was
incubated Qith 5 g sample in 100 ml buffer for one hour at 25°C.

The buffer was 0.05 M phosphate buffer with 0.01 M NaCl 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
gricty mouthfeel and only 30X 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. 157%,
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: 1t 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 residuc prepared from unpared coconuts (with testa)
contains more crude fiber and less protein.

A reciily apparent property of coconut residue is its sponge-
like tendency to take up water, which would presumably be 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 7-36X. 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-
larities 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. 74Z mannose, 21X dextrose and 52
unidentified, based on analysis of data from ten samples of white
residue. Similar results werc obtained frcm 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
starchs. Samples of residue were incubated with amylase. The
results, shown in Table 5, suggest that coconut residue contains no
starch. Rao (1969) has reported that incubation of residue with
cellulase causes up to 802 decomposition of fiber, which result does
not seem consistent with thg 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 residuc, 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 greoups 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 fiber 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 increase 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 applicationsof coconut residue have been investl-

gated, are promising, and will be reported separately.
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Table 1 -- Typical Properties of White Residue Flour (prepared from
pared coconuts).

011 Content 142
Moisture 5%
Bulk Density 0.16 g/cc

Amount passing through
No. 80 sieve 652

Reflected Color (Hunter)
L 92

a "005
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Table 2 -~ Composition of Residue (moisture free and oil frec basis).

Made from Coconuts

With Without S.D. of
Proximate Analyses Testa (%) Testa (%) Ave, (7)(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 deviation 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
0i1 Content a b
(%, dry (g_water ) (g water )
Sample basis)a (g 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 observatioms.

b)Result calculated from first two columns. Honestly significant
difference is 0.4. Water absorption values were not corrected
for dissolved solids. Independent experiments indicated that
the residue contained 10 -3Z soluble solids.
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Table 4 ~- Relative Retention Times for Major Peaks from Cas
Chromatography of Carbohydrates.

Relative(a)
Standard Retention Time
a - Mannose 2.74
a = Glucose 3.18
B - Mannose 3.29
B8 - 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 Residuc with Amylase.

% Reducing Sugars (as dextrose)
after Incubation

With Amylase Wirhout

Added Amylase
Residue (unpared) 0.2% 0.52
Residue (pared) 0.0% 0.3%

Starch 35% 0.2%
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Table ¢--Incremental® Final Weight Gains for Rats,

Incremental final Incramental

Daily dict Incremental final eviscerated cecum
supplement weight gainb(g) weight gain c(gl weight gain‘lg)
1 g residue® 4.4° +1,9¢ 0. 61

2 g rcsidue 1.8 -1.6 0.73

3 g residue -1.3 -5.4 1.16

1 g sucrose 1.9 +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 mecans ten day rat weight for basal dict plus
supplement minus ten day weight for basal dict. Average initial weight of rats
was 54.1 g for all diets. Final seightsfor rats on basal dict were 69.6 g
total, 52.8 g cviscerated, and 1.19 g for cecum.

b ) ) .
95% confidence interval is value

- 40 6 g
€959% confidence interval is value - 4.5 g
d95% confidence interval is value - 0.44 g

®The 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, 1.0X% nitrogen and 23%
crude fiber.
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Table 7 -Dizestibility and Fecal Data (Based on last four days).

Digestibility (%)

Fecal wt, Feces
Diet supplement Protein Fat Ash Fiber g/day Moisture (%)
none 91 96 76 ? 0. 26 10
1 g residue 88 95 68 42 1.03 §
2 g residue 83 88 58 42 1.85 12
3 g resjiiue 77 88 50 49 2,170 18
1 ¢ sucrose 98 96 82 19 0. 21 9
2 g sucroge 97 94 85 7 0.23 9
3 g sucrose 97 95 86 11 0.22 9

No statistical data, Fach 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 1s the trimethylsilyl derivative of
2-Deoxy-D-Ribose. The residue sample was prepared from
pared coconuts.
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Aqueous Processing of Coconuts: Economic Analysis
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ABSTRACT

A process prevoedy has been developed ot Tesas
AEM Uneersity Lo agueous pros ecanye of coconts
lo praduce ol and o concentrated oam anth, Tlos
paper detaals the conts o that procoss and concluldes
that 200 of gote-ofactng can be geahized o the
mathet pree of coconut sham unld wohds e assigned
the vadue of SO 50/ (bulk prioce)

INTRODUCTION

The wpeou procesany of fresh cocoants o recover ol
and dehy diated Ccocort shim ool has Leen desenbed
recently (1) A more recent publication has been devoted to
the decnption of the cocanat sham mdh wo obtained (),
and a db dupram e presented m By 1 The putpose of
the poesent article i to provide ntormation for eventual
contmetcnhzation by i estomate of processige costs, T he
Plahppnes, wlad i the Largest producer ol coconnts, was
selected as the site Tor the by pothetical plant

An coonome alialion was e by Lemaonds, et al,
(3) tor an agueons cocanut process deselaped by Tropial
Prodo o Tnstitmte 0EPL London, Iapbandy, and Jde.
schibed decently by Dondy and hannnns U5 Fhe pro
posed TEL process conneds of agqueous extraction of gromndd
follawed by acdification o! tie itk and gravity

creaming The resolimg cream phae ocentntuped to e
e orl, anaqueoes pluse and proten solds The protem solids

ate vocmnn died and estidted with elcohal o yield an
rolite contamng S0 FaAmonde et al | concbideyd
that the 11 process would v apeconemie m Maliaveay o
St Lanba I their eviduation, the protem solate was
valued at only S0 204y

Aqueaus processany of cocanuly s ol cuttently com-
meroal b decussaons sath mdustny people, it has becone
apparent that aqueous covonat procesanp would be cone
sidered o Inph sk venture, demanding o haph et on
mvestment and short expected prokect e Consequently,
rome assutptions were made whirch minimzed mvestment,
althoupleat the prive of incseasg processig cosis . (A) fue!
and electinny wonld be pinchased, (1) In products (rewr-
due and msoluble protem ) would be disposed of wet at the
factory docr tather than doed, packaped, and sold L and (C)
no o provessay cquipment wonld  be added o recover
addiional ol from the residue by hexane extraction,

Alternate assumptions would operate o the prowect was
to be constdercd o low nish venture, Sholls would be buined
for fuel. by -products would be dowed amd pachaped, and
addibonal ml would be gecovered fiom the tesidue by
hexane extiactiom,

covonns

frreaen

METHODS

Patimnates of cqmpment were obained by contacting

cquipment manubactwiers, AL poces were updated 1o
md 1974 by wang andiees of antlation pablishied monthly
wm Cheraedd g cnnge

Patimates of docal costs i the Philipproes, including
sty ol anbding, utiities, tansportation, and WAESS, Werd
made on the sy of unpublshed date g I, Quanitio and
ahvo trom San Mipuel Corp,, Manela, Plulippimes, Data
reparding Philippine prces of fresh coconuts and coconut
ol were provided by Umited Coconutl Association of the
Philippanes (UCAPY via unpubdatied data and trom Coconet
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Stanstics (0).

Estunate of total installed plant cost was hased upon an
approach sienlar to that used by Weaver, et al, (7)and by
Hackney (R) In catumation of total imstadled plant cont e
costs of cquipment and bblings were estomated dinctiy
and other contitbutions to Hixed costs were estiated wath
factors.

The pattern used for cconomic analy s s the rate ot
return pattern as desenbed by BeGarmo on whiet,
recommended for caaes with o sinple anvestioent followet
by constant resenue and cont dati for the dutation ot the

progect, In usang thus method, the sadvape vl of !
capilal was avcamed 1o be neplguble, which s a 1o oaahbe
assumption  for cquipment atuated anoan cconoraally

uiderdeveloped country, The nate-ofactum pattern calcw
laites return Lo the mvestar in terms ol anterest panl
annually, wlnle allowmg for pay-back of capital imsested 2
project’s end  For purposes of compatinon, the o ool
vish tlow pattern Galso desenibed by DeCGatmo [9)) wa.
applicd 1o the smple case but not, an peneral, used Tor
sensihivily analyeas

The retmin on anvestment s geported to the e gread
tenth percentape to show maote accurately the Chanse s
teturn caused by different assiptions, Heowoser
pretense s made tor 00170 aecutacy.

ny

DESCRIPTION OF PLANT

Prelimmary estimates of  processig costs tor it ferent
sized plants led to selectuon of a plant which procesws 280
m tons/day ot dehushed coconuts. The capacities tor the
plant are guven e Table 1, with yields from Hgpennnne ot
aboo () and fram more gecent data of  the author-
(unpubhished)

ESTIMATION OF FIXED CAPITAL

The Dined Capatal investment for the plant was estinated
to he SE910,000 . with working capital of $500.000 | e

COCONUTS (DEHUSKLD)

SHELLS = -[ nsmovc SMELLS ] - cocouur WATFK

MEAT“

LLAN, GRIND
_E._-f____‘l[

[-mx HEAT, pms,

MILK

[Fiica.

CREAM = [-E:i'.;.T-m'F[J_(‘-E]-—(NSOLUBLL PROTEIN (WET)

RESIDUE (WET)

PASTUERIZE

CONUT SKIM MiLX

—;BB.OT-L AGITA‘L .
CENTRIFUGE
el

[onv cwmv]

VACUUM ¢ VAPORATE

L COC}muT SKIM MILK CONCINTILALL
COGCONUT ON.

FIGL L Elow duagran Tae procesing: plant,
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TAULEL

Capacity of Procesung Mant

Capadity in m tong

Material Per yeas 1'er Jayd et heb
Input
Coconuts {(weighed without huk) 41,500 150 128
Copra cquivalent (at 8% moisture) 14,900 9.7 Jo
Intermediate praducts (wt undricd)
Shells 15,600 6.8 Mt
Cocunul water 19,400 7.8 A9
Meals 27,500 1o $.$
Mtk 11.000 (R ¥ 7.6
Cream phase (at 68 al) 13,500 s4 17
Coconut shun mdh (befare evapotation) 8,200 i1l 5.6
Fanal products
Covonut ol (D17 1ecuvery) (dry) 8,700 Jaa [ L]
Coconut shon nolk, as produced (Y07 inoature)® RIU R 19 0.79
ey wit basin 1,7%0 110 0.9§
Heudue, as produced (685 moisture) 5,100 319 1.8
ey wit busis 1,690 10.7 0.4
fosntuble protem, as prodused (6B manture) 52) LA 0.2)
Dy wt bawy Jse 1.4 0.071

TAvuning 250 worbang Jdays/year,
BAwunung 20 working hefday.

CRepresents 75,000,000 nuts vear I coconuts were purchases with husks, they would

weigh 507 more,

.

Ainctudes seed coat or teata, which comprises 1207 of wt of meats,

CYseld 10 based upon process that ures Coconut water, with 60 of coconut water sodids
accumulating wn the coconut shuan b, which contans 28°% protein (N v 6.28) on 3 ¥

moisture basis,

TABLE 1l

Processing steps
Cleaning of meats and coconut watetd
Grinding of meats
Heating and miving prioe Lo pressing
Countercurrent peessing to separate rosidue from milk
Fitration, pasteurization of milks
Centrifuge
Dreak cmulvion and separate oil
Clanify and dry oil
Faaporate aqueaus phase 1o 45% solids?
Lvaparate aqueous phase tno 70% solids and packagpe?d
By-product drying and packaging
Fanished product storage
Pumy's and conveyors
Banler

Envrgy required for sentilation, lighting and conveying

Totals

APrices include appropriste holding tanks,

Fatination of Faguipment Costs and Encegy Reguirements

Fqupment Flectrical encrgy Steam

cosl ($) (kwh/he) {1 tonsfhe)
13,000 11 0.
38,000 128 Q
36,000 16 0.5
45,000 90 0
12,000 4 (V]
46,000 20 [+]
$1,000 10 0.1
29,000 9 0.4
94,000 14 t.8
10,000 12 0.2
o] 0 0
30,000 0 0
37,000 12 0
20,000 1 0
98 0
538,000 440 3.2

|

Bioe thash deying of reshdue and packaging, estimated values are $35,000, 20 kw, 2.0 m toasfhe, For drum
drying and packaging of insoluble protein, values are $39,000, 12 hw, 0.2 i tons/hr,

bases for these estimates are detailed in Tables 1 and 1.

ESTIMATION OF CASH FLOW FOR 1974 OPERATIONS

The cash flow is given in Tahle 1V, Of entical impor-
tance to the cash flow are prices paid for coconuts and
timished products, and these proices now will be discussed in
some detail.

Average monthly domestic prices for crude coconut oil
and copra at 8% maisture are publnhed by UCAP (6), and
the prices from January 1967-December 1973 were ana-
lyzed by lincar repression, The copra and oil prices had
correlation coeflicient of 0.995, with a regression cqtation
of:

copra price (S tan) © (0 S906 * 0.01))
ferntle 0l ngice YISV L £ 160 L 1 §), (r

where original data in pesos had been converted to 1.8,
dollars by the conversion $1.00 = $6.70, where 0.013 and
LS represent 950 confidence optervals, and 2345 and
136.0 represent average conde o1l and copra prices, respec-
lively.

Accarding to unpublished datia from UCAP, the price
paid for fresh coconuts, exclusive of hansling and transpor-
tation charpes, cqualy 2200 of the Manla (donestic) prce of
copra ot K7 monture, The price ot Lresh caoconuts exclusive
of handhny and transportation will, heneelorth, be referred
to as “farm™ poce for fresh coconuts. From substitution
into vquation 1:

faren peice for coconuts ($/ton) 2
0.130 (vrude il price - 230.5) ¢ 29.92 K1}

Too caleulale coconut prices. it iy next necessaty to
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TABLL

Fatimation of Total

Capital

Faned capatal (1)

Vauipment (f o b manf)

Ovatavas shupae vt of equapment (14.7% of |
Ymport datics and Traes (20K al )L )Y
Buldmgs (1,500 1.7 ) and band

Fquipment et dbatpomn
Matorals Gndading instraments)
L.ahr
Instabution of praduct, power, water, slenm

Matenay

Labat
Yard work Oraternly and babes)
Fongtneering and onethead
Muscellancaus

Total 1O
Warking capatal (W)
Raw materials acanants payable (1 month)
Labor and utiliteey a Lountapayable (2 week

taventory (1 month® sunpliea, 2 weeks' product)

Bamshied product accounts tecennable (1 non
Total WC
Total capital investment 10 ¢« WO

fGce ref. 10,
TAWLY
Operating | apensesand Res

Fapenses and itevenue
Lapenses
Personal vervites?
Diredt
Shelling (100)
Other opetating (90)
Supervisory (26)
Repair (h)
Indirect

Adminbtratise (11)
Technical (5)

Sates and purchasing (11)
General (drisers, watchmer

Subtotal
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PROCESSING OF COCONUTS

Capital Oultlsy

Cost ($) I'ercent of total

S$3K,000 28

) 90,000 H

110,000 6

340,000 18

180,000 9

72,000 4

200,000 10

110,000 [

18,000 !

180,000 9

72,000 4

1,910,000 100
200,000
\) 20,000
190,000
th) _3u0,000
800,000

$2,710,000

v

voue (1974 Operations)

Dollars

150,000
§2,000
29,000

6,000

35,000
15,000
35,000

7,000

329,000

1) (10)

Materials, suppties, utihtics, transporiation

Coconuts (62,500 tons af §35,3%)
Transpastation of covonuts to Lactor
Packaging ($0.02/%p for sham unlh o
Maintenance supphies (27 of fined oa
Fuel (at 0.05/0iter, 0.88 thermat ety
Fleetricity (0,01 7/4wh)
Miscellancons

Subitotal
Insutance and property tases (V3. of
Total operating expenses
Revenue

Qil (8,700 tons at §275.1)
Coconut skicy mith (2,750 tons ¢

T tal sevenue

2,205,000
221,000
78,000
In,000
82,000
42,000
50,000

2,716,000

57,000
3,102,000

)h
mueentraty)
pitul)
qeney)

fixed capital)

2,393,000
1,375,000

3,768,000

wirat $500)

EThe numbers in patentheses in
employed, Sample annual rates used

theate the number of personnel
(ucluding Innge henefity) were

$500 for unsballed tabar, $700 tor shilled, $1000 tor foteman,

$4000 fur second lesed statlf, and

YA uming average  distance b
$0.09/bm-tan, plus $0.75/ton har

choose o value for 1974 crude oil prices, Repression analysis
wis performed with yearly average exported oil phces from
641973 Iapant praces were used 1 this case o gt
prices in U.S alolls (domestic prices were published in

$6S00 fur manager.

auled s X bm, at cost of
wdling  cosls,

pesos anly), with all dats from UCAP (6). The repiession
cauittion caleutated was:
vende il prive ($/m toa) (141 0 12.4)

(time - 1969.0) + (2679 3 15.7) L)
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YOl 52

TABLE YV

Scnsitivity Anatysiy for Rate.of-Return

Assumption vaned

Values chosen Rate-uf-return

Mant capacity (dehusked coconuts,
n tons/day)

Price of Caconut skim nulk solids
(3/xx)

Quantity of oil praduced (¢lficiency

al recovery)

Project life (ycars)

Price of crude coconut ofl
($/m ton)

Quality of road network (with average
dintance coconuty bauled)
Fixed capital (11.8.,9)

Days/year plant operated

Infativn

AValue for saumed parameter that was used in Tables I 1LV, and VI

100 10,8

2503 19.7

400 2.9

0.70 10.0

0.50? 19.7

0.8 4.4

100% 8.4

LAL A 19.7

1 1.8

103 12.7

15 .0

$00 )

275.73 19.7

200 18.1

Ieal (11 km) 2.8

Medium (3t km)3 19.7

Poor (ST k) 15.8

1,610,000 4.2

1,910,000 19.7

2,210,000 5.5

Joo 18.7

1503 19.7

200 3.7
None? (ll.l)b

As deseribed in text (24.0)

hlhc numbers in parentheses weee calvulated as discounted return on investment,

tathee than rate-ofretun,

TABLE VI

Sample Caleulation of {re-Income Fax Rate of -Return

Htem Amount

Amount paid out

Operating expenses (from Table 1V) $3,102,000
Depreciation (B sinking fund, 10 years) $ 132,000
Subtotal $3.234,000

Income
(from Table 1V) $ 3,768,000
Net return $ Sid,000
Rate of return® 19. 7%

AMet return < totsl capital, or $534,000 * 2,710,000.

where “time” indicates data (e mid-1974 is 1974.5) and
where 267.9 gives the average oil price. The low correlation
cocflicient of 0.09 indicates that ol prices are qute
independent of time, and, therefore, the high oil prices of
today do not lead to the conclusion that il prices will he
high w the Tuture, Standard deviahon about the repression
line was $49/ton.

The mid-1974 price used for crude coconut oil wis
caleulated from cquation TH to be $275.7/m ton, which is
considerably lower than the actual marketl puce prevaling
in mid-1974. The senativity analysis 1 Table V oindicaics
that the prevailing oil price would give o lupher estimate of
seturn than that estimated from the calculated mid-1974 ol
price.

The price paid in mid-1974 for fresh coconuls was neat
caleulated by cquation I to be $35.2%/m ton, which is the
value used in Table 1V,

The income from oil next must be related to crude ol
prices. The o from aqueous processing hs been found to
contiin only ca, 0.29 tree Tatty acids, [he price premii
for oil is issomed to be the smne as {or copra, Preminm of
0.5% for cach 1% of free fatty acid below 3575, down (o
1% free Tatty acid, plus 0,754 for each 14 of free latty

acids below 19, according to 1969 trading rules as ated by
Waoodroof (11). The calculated premusm is 1.85% of selhing
prive. 1o the Plulippioes there as g “aallers tax® for pro-
duction of coconut mil, equal to 240 of the value of the
product. Therefore, the il income will be:

ailincome ($/mton) 1 OIRS x D.9% v crude ol frice

< DR x rude ml prace “VI

For crude oil price of $275 7/ton, the ol mveome would,
therefare, be $275.1/ton, which is the value used in Table
Iv.

The next important point is market price of cocont
skim milk solids, which have composition and propertics
intermediste between those of nonfat diy oulk and wlhey
solids. The mid-1974 market puces for non-lat dey nulk
and cheese whey solids were $1.30/kg and 30.20/kg,
respectively (for hulk quantities, free an bognd factory,
U, prices). Based upon these observations, the market
price of the coconut skim milk solids was assipned the vilue
of $0.50/kg. :

Calculation of Rate of Return

The rate of return was calculated accotding to the
procedure outhned in Tab! VI, and was found to he 19.7%
(pre-income tax).

To express the sesults in terms of the often used
discounted canh fow paltern Gnternal rate of retuen
pattern), the return oninvestment (pre-amuome Lax) was <o
caleulated amd tound to be 22195 The explamnion for the
tfference between the two gesults s that in the mle of
return pattem, 80U oanterest was asumed for the sinking
fund for depreciation, whereas e dicounted wed Hlow no
separate funds were set asude for o precation,

Sensitivity Analysis

ICis considered important to tnow the effect upon
retuen crused by viniation in the asimptions nede in the
cosl o estimale to duteruune which asamplions are nost
critical. The cettect upon weturn of vanation i cerfain
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assumptions s hown an Tahle V.

For analyvis of different plant capacties, st was assomed
that Dived Capatal contand idirect Hihor were proporiuonal
to square ool of plant copacity and that worksng capital
and ducct Libar were propartional to Copacity . The averape
distance Ccocanube were tansported was estiatated to be 20
ML and s ban borthe 2 plant sizes

Lo vatshion an dhwaency of al reeovery, no chanpe
coto were puvnned for procesay the ifferent amounts of
o Lar chape o anonket vatue of Grd and coconut sham
bl nocc e wonbany capital were avumed

Vot the quality of secal potbwort | Twao silmlions were
vistalized o the adeal coeall coconots gre [rasvepotied by
strapht e Teoan froe 1o processany plant, i case of pour
roadsthe plant sy avaaned o be o atod anoaman toad
only accreable by 2 b long feeder roads spaced 1 b
apart The conmpronne e s oan o mverape of the fwo
exticme coees The Lind surrounding the procesang plants
was wetned G be planted 2007 0 cocanuty (nerape for
Phabippancad tor aoyaeld ol 77 mtons of hushed nuts/yean/
sqquare by boanspostation vosts were Liben as SO 09/hm
ton plue SO 29ton hamdbimp and were calenbated 1o be
STV o, S22 4am, and S5 33/10n tor the weal, compro-
mise, and o toad netech respectinely

Toocon o rthe etect ol mflation. both imcome from oil
and cont ol tre b cocanuty were aastmed tooanllate ot an
annuasl st ot T thased apon cquatesn 1) L abor rales
were asomed o anthate ot ST annully, based upon
Pihppane Lebar ate mdices Marthet pune of coconut sham
mlh als wos vaned o mfate an 8770 AT other costs alvo
were mthded o e S rate. Wothang capital also wa
mcreaed by S annually

The sensitivity anaby e mdicates that, of the parmeters
exumnmed, wolling pace ol the coconut anlh solids s the
most cotial - Alsva ol consuderable nportance e plant
capacity and auantty of coconat ol produced. Othe
variable s Juse a desser elfect apon retuin,

Not mdduded i Tulde Voas effect upon retuin of
spray iying 1 the product were apray-dned instead of
heing evaporated tooa syrup, the added cquipiment cost
would e S10,0000 and added annnal operating costs
would be $71,0000 Wah spray diyang, the tate of relurp
would drap ram 19 70 to 177 This decrease i tetunn 15

Appendix K, Page 5

a reflection of the fact that spray-drying i unceonomieal
for such a small plant. If product <pecilications called for
spray-drying, ot would seem to e more econominal (o
spray-dry in g ocentral faality that services o proup of 230
ton/day plaats,

For the pracessng plant described e Fableys BIV, (e’
foregomg analy<is fus resulted inoan estaated 205 annu)
rate of teturn Based upon discussions with sndusty pe ople,
200% s G the s acce plable return o new ventures
Therelore, the profitibelity of the senture sl depe ad
father cntically  upon wsamplions made g the et
estimate, and, i particulag, upon cost ol Coconrat o g ot
wolids Toaddition, reahization of ncome Tram by pioddud s
would ampiove the protitabihity of (e process e
coconul residue ot partionlar mmterest asa by product i
quanbity s cqual to that of the coconut <o anlh solids
The ressdue i Chuaracterzed by it Lage crude Dl vantent,
and as such mapehi be of ntetest ncicasing the fiber
content of the diet,
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Coconut Flour: Technology and Cost of Manufacture

R.D. HAGENMAIER, P.H. QUINITIO, and S.P. CLARK, Food Protein Rewcarch and Developanent Ceater,

Texas A & M University, College Station, Texas 77843

ABSTRACT

Processing operations are desenbed for produdtion
of oil and coconut flour from fresh coconuts The
nuts first arc made into white destecated cocanuts i
drying plants, and then prepreced, thahed, and hew-
ane extracted o central faolty, Wihite cocunut
flour that is produced containg 25% protem and cni
0.5% oil. The process would be commeraally feasible
in the Philippies if a coconut four price of $315 per
meteic ton wete assumed,

INTRODUCTION

Coconut flour is the name commonly apphied to the
food-grade product made from the coconut endospenm by
drying to mahe desiceated coconut, followed by removal of
oil by pressing ad/or solvent extraction 1o pive covonut
meal. The coconut meabis faably mdled to pave the tlour A
bench scale preparation v descnibed by Claudio, et al ().
In muany cases, the brown seed coat, ot testa, 18 pated oll to
give white coconul muats before the endosperm s dired

The composition of coconut meal, which mcludes the
brown sced coat or testa, has been reported by Samaen, ot
al.,, (2) to be 250 protan (Nitropen x 0.25), 777 aude
fiber, and 4775 ash, mownsture and ail-fiece bass, and averape
values for 3 preparations,

Coconut flour has pood nutiitive value and contains no
known substances present at toxe levels, as do some other
oilsceds. Miranda, et al, (3) reported corrected ral asay
protein  cfficiency ratio (PEFRY at 107 et protem fevel,
true dipestibihty (1D), and net protes utiization (NPU)
values, For voconut floui without testa the values of PER,
TD, and NPU were 2.8, 81, and 52 revpedinedy . Howeyer,
the 2 sumples were prepared from ditferent coconut soutees
by diffcrent methods. Butterworth and Fox (4) report T
of 78 and NI'U of 46 for meal contuinimg testa whoch was
prepared  with maximum processing tempetature of S0 C,
Howeves, they repoited lower nutnitive value tor sannples of
meal heated to Y0 C or above, Rao, ot al i8) reported 11D
of 83 and biolopucal value of 70 with himan subjedts (chl-
dren) with coconut meal contaimng testa.,

Food preparations continmmimg coconut flour haswe heen
developed by the National Institute of Saence and Tech-
nolopgy (Mamla). These toods include noodles, snachs,
weaning foods, and some nalive reapes (6. In addiion,
coconut flour hus been used at the 3570 Jeveim lrpe sale
preparation of the Nutnibun, a bread-hike product {(7)

The production of coconut flour s viewed as an alteina-
tive to copra manufacture, which results anoa protem
product, copra mcal, (hat as dirty, unsamtary, scorched,
and, in pencral, unfit for human consumption, Potential
world production of coconut tlour witheut testy, at §°
moisture is equal to 405 of world production of voconut
oil, which in recent years has been over 2 unlhon nwtne
tons annually,

Despate published information concernmmg nutntive value
and food apphications, the current commercal production
of coconut flour s zero, Conpnercnl production appears to
be contingent upon more food apphcations research, and
also on knowledpe of ¢osts and techunolopy of production.
The purpuse o1 tus paper is Lo preseat mlormabion on cost
and technology of production of low st coconut llout,
with the goal of developing covonut flour as u food
product.

refesred (e contins only ¢a. 0 8% ol Coconat four with
1S22005 arl has sometimes bevn sefened tooas Tow bat o
in the fiterature (V. In discussions wath bnowledpeable pet
sons, 1t has become apparent that covonut thoar with
152007 ond wouldd have someswhat less marhet potential,

METHODS AND MATERIALS

Most of the coconut samples used were supphed Iy the
Frankbn  Baker Company  of the Mlahppanes (Mamlba,
Phihppines), manutacturers ot desiccated covonut The
samples were produced in the plant whose opcratinns were
desconbed o some detad by Woadtoo! (5 e notimal
production, the coconuts ate manudly shelled and pared,
washed wath water, shredded, steam blancbed, and died i
acomeyor diyer. Besides samples of commercial 1y pe des,
cated coconut, Frankhn Maber Company  supphed
destceated coconut samples prepated witheut the Wlandhing
step. Samples of both blanched and aonbban hed o onuat
were doed ab cach of 2 dittferent temponatires g constaat
arandet temperatuie of ca 880 o b commeroad diviy
conditions, which conast o intel wir ket temg o iaee o
1O C followed by adjustment 1o ca 88 ¢

A sample of presaeabe abso was supphed Thve coneded
of wlute unblanched coconut that was dned, then pro s
o commeroal Anderson sorew expeller to pive o presscake
with oif content of 177 Fn the presaany o cabion, (he pre
was couled and the teed rate controlled i onder o luna
temperature of presseabe 1o SO C st waen valing Jrom the
eapeller.

Samples Trom the Phadipgones wese shppod 1o e A a
M Umiversty for further processing aind amlvees whi b
took plice at the Food Frotem Rewcar band Deselopanem
Conter of Texas A & M University, and alvoat test fachines.,
of Crown hron Works Company (Minpeapolio SNy

Presscabe was reduced o aze by crackangy tolls or b
mer il The presscabe partrcles then were adineded 10
O monture and tormed ito tlabes of 03 gon thickne. .
with one paar agh flalange tolls The flakoe chall, densiy -
0.29 gm/ee) were extracted with hexane at 60 g a Crown
Iron Works Company pilot plant extogctor sath respdong e
time of 15-60 nun, which reduced ol content to 0 4.0.7
The extracted flabes were dosolventized o steam gk vreel
nhbhon conveyar and finally rround with o inpact st
il to pave g white tour, of whch 857 passed throuph a
No. 80 sivve,

The desiecated coconut uced tor compatative sobvend ex
traction was white and unblanched with o mortuee content
of 5% 1 was not Nlaked, but pround 1o a sodl parti e sz
so that 9240 passed through o No. 20 screen, The dHabed
presscake was as descrrhed,

The samples were column extracted lor 15 nun at 50 ¢,
using (L9 Biters of sample and 4 hters of hovane, with reane
ulation, except that the hist hiter collected wis nol feaiteu-
lated. In addinion, one hiter o1 tiesh hievane was pouted
through the colummn yust before denmimg and e desolventyz-
e For tme depemdence of extraction, the data m pute
1o 0.2 hters of sumple were columm eatra ted with 08 Liters
of SOC hovane, without recicutation. ‘The column used
measuted S8 cmonade diameter (1) by o) can tall The
bottom was fitted wath pertorated plate and sealed on
tunncl connected to tygon tubing. il contents ate reported
on a dry wi B,

Proten solubihities of coconul samples were determined
by mixing S phexane extracted meat with 100 2 water. The


http:pre'ss.ik
http:Pr'%t'L'Sc.iI
http:wh'tI;.ah
http:i11,i,,.ly
http:pirClpr.mi

-92- Appendix L, Page 2
44(0) JOURNAL OF THE AMURICAN OLL CHEMISTES SOCHTLY VOL. 82
DEHUSKID COCOMTS
e e Ve _v COCONUT WATER (1A% ARIRY
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\ﬂ\\
: T
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R . N . foesovenize} ~
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EXTRACTION TIME (SEC)
F1G 1. Fxtiaction of oil from Naked presscake. Initial oil von:

tent was 1727 Samples were extracted with tresh hesane at 50 C lor
tine indicated. Lach pomt represents one ubservation,

TABLEL

Compontion and Propertics of White Coconut Flou®

Average value Range

Crude protoin (N x 6 28) (%) 28 2124
Crude Niber (°4) 9 7-13
[ TR 0.4 0.1-0.7
Ash ('R) [ 4.6
fiuld, denaity (/cc) 0.1} 0.30-0.3¢
fHupier cotar vatluea®

i - 91 9091

2 0.6 0.7t 0.5

b 7 S K

Alased on S5 mantute content, 3 samples, cach analy zed twie

B Measore ol wistenes, from 0 (hlavk) 1o 100 (winte). o

measnre of gedness plos, green” mmus, b measure of yellowinss
plus, Blue s

penodic readiustment of pllwith NaOlH solutions, Samples
were centrfuped 1S nmun at 16,000 ¢, then Ditered, Nito-
gen content of Dltate was determined by Kpeldahl analyss
Fraction of ntropen extracted was assumed equal to frac-
tion of protemn extracted.

Laboratory analyses tollowed 1970 Assoviation of Ol
ciad Anadyinal Chenusts (AOACH methods. For ail content

determmation, samples were extiacted 2 hours, pround,
then extracted 2 more hours. Color measurements wery

made with a Hunter ealor ditference meter, Reported results
are the averape of atleast 2obsernvations, except where noted.
Equipment manufacturerss were contacted to deternune
siilabibty, poces, capaaty, and cnergy consumption for
the maor processing steps of pnndinge, diymmg, transporting
dricd coconut, pressing, prepanng takes, extracting with
solvent, recovenny solvent, amd nulhng to o flour. The
diyers are Poctor and Schwartz, Madel SCE Conveyar
Diyers, which are thase commonly used for manutactute ol
desiecated covonult, ‘
The proposed plant as assumed to be located in the
Philippines because of the quantity of coconuts produced
there, Loval vosts i the Plalippines were estimated with
the help of antormation Nrom San Miguel  Corpgration
(Manila, Plnthpines), Franklm ke Company  (Manila,
Phithjpunes), and others, The prives of butldings were estoama-
ted directly ; however, costs of stupment, import duties, amd
installation were estinted with Lactors (9,100, Pactors and
cquipment prces were based on price tends and observed
correlution between prices of fresh covonuts amld coconul

FI1G. 2. Flow diaggan (o1 proposed process.

oil, as previously computed (11). Al prices and conts gre on
a mid-1974 bawis, Large taxes recently imposed on coconmt
processors in the Philippines have beenagnored wm thie ana!
ysis in an attempt to free the estimates from local iy Laws,
and hopetully make the estinates applicable to processing
in other countries as well,

For purposes of estimating production, st was ssumed
that the coconuts processed contain 2587 shells, 177 coca-
nut water, and 8370 meats waillivesta, The meats wath testy
are SO% monture and continn 697 ol on adiy wit bases
The relative wis of mveals, shelis, and water e quite vana-
ble for ditfervnt types of coconuts (121, however, the
values used are average values tor ltippine coconuts 11 3)

RESULTS AND DISCUSSION

The process as desersbed consists of umit vperations well
hnown 1n the oilsevds processing industry, tor whinch stan-
dard cquipment s avatlable, The dryimmy step i patterned
after desicedted coconut operations and the extiaction step
is patterned atter prepress solvent catract:on of capra fhe
process here proposed consists an combinmy these opera
Lions so as 1o produce o white, low-Lat, nutabious coconul
tlour, with high protamn sotatality, it possible. Coconut
lour with lnpgh protem solubtlity conld be used Tor turthes
processing to produce olates Inoaddstion, oar with hagh
proten solubility may prove to have supenor functional
properties, although this never has been demonstated

The normal desiceated coconut process mcludes 2 heat-
mp steps consudered entical to product propesties, These
dare the blanching and divine steps The efiect of blanchungy
was deternuned by comparing samples doed with and withe
out blanching, With 85 C oy anlet temperatures or with
commercial drvinge conditions the results were the same.
The protem in blanched samples was 2097 saluble at pll 7.5,
whereas, the protem i unblanched samples was 387 solu-
Lle. The unblanched simples had protem solulility equal to
that previoushy reported for coconut doed ot 40 C (),
which indicated that protein solubihity  was nat reduced
when covonul was desiccated commercully,

However, blanclung caused o Lirge deercase in protein
solububity, 1t product spealications for coconut flour re-
quire high protein solubility, st presumably will be neces-
sary to replace the blanching step with some other mivro.
biological Ml step. Two possibilities are milder heat treat-
ment ot use of chemicl bactenogide,

Another critical unit operation i the ol revovery plant
is the pressing operation. Iis a well Knowna Taet that severe
pressing can produce otlseed cubes that have ik cotor and
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TALLE N

Anticipated Fant Capacities In Metric Tuns

Fach Plant AlLS Manis

Tonsfhe Tonsfuay Tonsyt
Drying Maand
Input
Ceconuls, mathaut husk 104 228 285,000
Intermediate products
Chells 26 7 71,000
Waite meats (S0°7 moisture) 4.0 87 109,000
Parings (SO0 monture) 0.6 13 16000
Output
Coconut watcr 3.2 71 88,40
Dried wiute meats (85 maisture) 2.1 46 £7.000
Dricd patinps (S0 monture) 0.} 6.7 8,400
Exatraction planth
Input
Dried white mcats 8.0 191 $7,40u
Driec parings 1.2 28 8,400
Intermediate product
frepressed white meats
(S% manture, 177% oil) 3.0 7 21,700
Qutput
Qilt 60 143 42,900
White Qour (ST moisture, 0 57 ol) 2.5 60 17,900
Parings presscabe (87 moisture, 10% i) 04 10 2,900

RAssuming 250 days/year x 22 hefiday.
bAsnumilu: 300 dave/year x 24 hegday .

€Qil from I sources: 78% fram prepressing white meats, 20% from presung of panogs, and

S$% fromi catraction.

TABLE NI

Fastimated Fquipniont Costs and Foergy Consumption

Fyuipment cosls

Flectnicity

(dolar) consumptron (hiw)

Diying plants (per plam;
Peebrcaker and cutting mills £2.000 REY
Deyers (conveyor)t 220,000 s
Boiler 7m tons steamhied 10,000 0
Miscellancous® 70,000 S0
Total equpment 382.000 00
Buildings (2.500m ) and land 180,000

Central off recovery Slanl
Screw prepresses 260,000 160
Screw press Tor doed pumpd 60,000 420
Cracking and flaking nulls $7,000 70
Solvent extractor® 230.n00 20
Flour mill 35,000 S0
Oil storage tanks (10 day s output) 140,000 0
Boiler (3 tons \lraul/lu)h JO.,000 n
Miscellanicous 100,000 18
Total 912,000 798
Buildings (60600m?) and tand 450,000

Transportation equipment
Trucks 470,000 0

AAssuming separate dryees for white meats and panngs.

bIhe boiler burns coconut shells for fuel

Cincludes cquipment for conveying, laboratory, shop, and offizes, and electricity for

lighting and ventilation

dincludes conditioning cquipment, conveyors, and oif haniling equipment,
Clacludes solvent recovery system and meal desolventizer,
fTen happer bottom pressunized bulk trucks, capacity 28 m? (7m tons) cach.

low protein solubility. Waork (S. Verasestakul, private com-
munication, 1973) has shown that processing can teduce
coconut protein solubility without markedly affecting color.

Presscake with 179 oil content, prepared as deseribed,
wias observed to be white and have protem solubility of
94% at pll 10.5, S6% at pH 8.4, and 4275 a1 pll 6.0, These
data indicate pood protein soluhility when compared to
publishied data for solubility of coconut meal prepared
without cxcess heat (2). The data sugpest that commerial
type screw prepresses be used to pive presseake with ca.

Therefore, if blanching were elumnated and Pressing
were controlled, coconut flour with high protem solubilily
could be prepased by minimizing processing heat. However,
the effect of protein solubility on food appheations has not
been determined. No evidence is avanlable that Inpeh protem
solubility is superior 1o low solubility.

Efficient extraction of oil is prunarily of importance
from the viewpoint of ceonomics, uil being the principal
product. However efficient extraction is alvo necessary for
the production of low fat flour,
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Patreateon af fatsl lnvested Capital
Crntrl
(hying® b revonery Pranspartation
plants . plint ol dried coconut Tostal
Lined Captal Wn 10t i « 109) Gl 103) (o)
Faprepment (fob cost) 1010 "l 170 12912
Shpanent and capott Juties s2sh 1ssh L14] S50
Iddings and aad o 450 0 1.140
1operpenent yssiafbation 164b $47 0 1
Distribsntint . powse, waler, steam b 273 4] 31
My ey, ingh 182 0 $64
Fogre cnng and ovethead XYY ALY 47 1,081
Subitotsl 5.132 2.h8s $97 K814
Warbing capital
10w sratenials, acvounis payable (8 month) 000
Labor unhines and supphes {2 weeks) 70
Teventoary andd sccounts tooervalde o prodducts (1 menmith praddugtion 1.300
fubitetal 2.270
fotat e st Binved o agpetal anmd workong capatal 11 ONd
ot af s wdentical plants.
" el e o preieent g of cqupment cost
TABLE Y
LAnnnal Operating b apenses (1974)
ot servins s G § plantad Preosonal vervices for ol eecovery plantd
Amonat {$) T Nmount (s
Direet urect
Shelling (14.300) 700,000 GOperating labor (70) 10 000
Paning (1 1 V) 700,000 Superisors (10) 10,000
TR operating (10G) 174.000 Mamtenance (20) . 15.000
Luperviversy (15) 40,000
stamtenanae { Y0) 21,000 Indirect
tesddstect Adminntrative (J0) 100.000
fedhaical (1%) 1$.000
Ndanastntive (18) 110,000 . ! 4
Fechin b (20) 60,000 Llen 2 parch g (30) tu0.0u0
Purchauing (11) 1s.,000 reneral (30) i uoo
Genvral (S0) 1s.000 Othet
Other Flour packaping materal ($0 01 /kg) 175 00Ln
- N b .
Coonut (318 23/ton) 10.0$4.000 l: '\'.|lnc losss (S(‘.'rt)/clul‘v) tus 000
Teanpostt itoen tor fas taagy B 954,000 o ntenanee . pes 60.000
Hantenans e npphes L6000 Plectownty (30 1A/Aw hr) 210,000
Plectonty (S0 017/hw hir) 200,000 :‘)..-‘rl'llf‘-l f..; u\n‘h ($0.1 J/glu) 65,000
ins el ot cans 200.000 \|“"~”;iur and propeity (3acs 87.000
Istsanee and gaoperty tanesd 160,000 lu.r ancauy +U,000
Subitotal 1,131,000

14,631,000

Subtoial

MNucludes cont of tansperting dovcd eoconut and Mminge benefity Nombesy i parentheses indicate numbee of personnet.
Dasinnnng sverage distance hauted of 310 b, 3t $0 097km ton, plas S0 T8 /ton handling coats,

L0 ol tived captal,
A af fived capital,

v descnbed, the oil content of the desiceated coconut was
teduced to 105, whiereas, the oil content of presscake was
lowered o 0607, These were averages of 4 observations
with o standard deviation of ol content of 107 of the
repoited resalt,

I'he hevane Tow theough the Maked pressoake was 0.4 ¢
O b hteos/onn, which was only 350 of the flow through
destecuted covonut, flowever, the How thiough the Aaked
pressoahe was Lst enoupgh tor the conunerical Ly pe solvent
ealractorn ased

The tesubts shown in Fipare 1 oindicate that only ¢a. 2
min of extraction were fecnred to reduce residual oil in
presscahe thakes to 15, In contrast, desiceated coconut had
residual o of ¢ 10% after 1S min extraction. These data
sugpested that prepressing and/or aking resulted in suffi-
vent coll dismption to facibtate hexane extraction of re-
maimng wil,

Attempls to flake desiccated coconut withuut prepress.
ing resulted in Tature, ‘The flaking rolls hecume covered

with oil. However, in catly work, a line powder was j1o-
duced by successively passing desiceated coconut through 2
pars of roller mills, spaced at 0.3 mm and 0,05 mm. This
matertal, when extracted wath hexane, had residual oil con-
tent of 0.8 For the extraction of tus finely ground ma-
teral, the sample was sluened with hesane for 30 nin,
poured onto a fine mesh sereen, and the sohids washed with
fresh hexane,

The slow percolation of hexane th-ough the toller inlled
destecated coconut, and also the passage of fines intu the
hexane filtrate, raised some doubts about the feasibility of
processing without the prepressing operation, For these
teasans the prepressing step was included in the progosed
JMOCess.

The data in Table 1 give analysis of coconut flour with-
ol testa, These and other data, not shown, suppested that
cornposition was somewhat vanable, The factors responsi-
bl Tor thes variadahity seemedd 1o be maturity ansd vatiety of
covonut processed, The oil produce Lis a premium il with-
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out the lugh fice fatly acid content of coconut ol denved
from notmal copra. Although tay srtcie emphaases the
coconut flour product, the coconut ol was thy prnapasl
product of coconut proceswag, both in quanhity and com.
merciad salue. The operstion desenthed 1w s vegetable ol
plant, which produees coconut laut as a2 by product,

The process costed out consits of a combuation of e
describicd unit operations as depueted e bgure 2 Cihe
hypothictical arranpement consints of -t wenticad Gy
plants and onc centralized ail feceaary plint. The dovng
operations are dispersed fur two reatons, 1o reduce vord ol
hauding {resh coconuts and to peroaat utiization of lahoten
over a wider peographical srea.

The plant capaaties, shown i Fable 1L are based on
typical coconut compostions and wsstime no losses of ma-
terial in processing. Coconuts repected ay spoiled were e
pected 1o constitute ca. 170 of the total It was et
that spoiled coconuts are dned and sold as copra, with the
jncome from copra buving the fresh nutss Thas bemng an
equal trade off, 1t was not entered in the cads How,

The figures shown m Table 1) are ditect estimatey of
cquipment costs, Sncrey comumphlion, and buddimg costs
Equipment costs were based on FOR US paces of -
1974. However, inflation rates undoubtediy will make these
numbers obsolete 1n a short time, and local coests will vary
with location,

Total invested capital was estimated as shown in Table
1V. Annual operating capenses are shown n Tabie V, and
annual cash Now in Table VI The selhuy price of covonut
flour was adjusted to pive 207 preancome by fate af re
turn, which was the same rate of actutn calcitlated for
agqucots Processing of voconuts (1), abo calenlated for
mid-1974.

The selling price of coconut flour so calculated was
$315/m ton. This compared to the prnce of $500/m ton
calculated from coconul skim wmulk solds obtained from
aqueous processing. of coconuts (11). However, tlus com-
parison was somewhat smsleading because noancome was
as uned from sale of the hgh Ober product obtained by
aqueous processing, On the other hand, an the prepress
solvent extiaction process, the fiber 1s sold ay one of the
components of coconul flowr, A more meanmpful compari-
son of the 2 processes would scem to be value added, caleu
lated as income from oil and proten pronduct mnus fanm
price of coconuts, In hoth processes the valie added was ¢a.
$25/mT of husked coconut . Hoawever, it should he
noted that this comparison s hughty dependent on marked
value of the protein products, wiich have not yet been
determincd,

The ccononue data pertinent 1o coconul processing are
dependent on inflation tates, taxes, and other local cozts,
especially labor. These are all highly variable and can have
important cffects on actual return onanvestuent, However,
the estimates as presented are sufficiently peneral to pive an
indication of the major expenses anticipated f{or processing
in the typival coconut producing country.

One of the larpest direct costs s transpottation of the
fresh coconus to the drying plants, Furthenmore, the costs
of the drying plants represent 604 of the total fined capi-
tal, and, as such, contribute substantiaily to overhead cosls.

A system in which cocontts were dicd with sinaller
drying units positicacd nearer the coconut tiecs would e
expected to reduce Liansportation and diying cosls suh-
stantially, albeit at the cxpense of more ifticult sanitary
and quality control, particularly if the meats were pared o
make a white praduct, Such a st tem, for making foud
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I. Title: Development of a Process for Preparation of Coconut Protein
Products for Use in Foods. (AID Contract csd/Z804)

II. Subtitle: Biochemical and Structural Changes in Maturing Coconut
Solid Endosperm and Related Tissues of the Fruit Twoortaut
to Processing.

111, Principal Investigator: Julius W. Dieckert

IV, Summary:

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, limited by the seed coat, enlarges for about 240 days
after the spathe opens. The endocarp hardens from the distal enc toward
the proximal end. This process 1s complete shortly after the ovule
ceagses 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 Z or more of
the growth of the ovule is achieved., The increase in weight of the
endospern ends about 365 days after spathe opening.

Ultrastructural analysis shows that, except for a few cell lavers
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 nonfunctional.
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
endogperm starts,

After the endosperm is established on a given reglon of seed coar,
it differentiates. The cell walls thicken, the rough e¢ndoplasmic reticulum
proliferates, the dictyosomal vesicles develop material that stains like
protein, and biphasic protein deposits similar to thosc in the alcuronc
vacuoles of maturc 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. Approximately
105 days are required for the conversion of the gelatinous endospecrm to
hard endosperm in a given region., Ultrastructural anulysis 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 firs¢;

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 becn
studied carefully, the number of individual reserve aleurins is small.

As pointed out earlier, ultrastructural analysis confirms that the principal
proteins of mature coconut soljd 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 20,570
daltons, Careful salt fractionation resolves the native proteins into onc
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 acrounted

for satisfactorily by the amino acid compositions of tue two subunits

and the assumption that the starting material contained cquimolar
quantities of each. Presumably, the native protein is of the form

P,y * P31)n' The Metzger index was used to compare the amino acid

20
composition of on . 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 arc homologous (i.e., arise from
genes with a common ancestral gene).

By the Metzger criterion the following aleurins are homoulogous
proteins: on . P31 (C. nucifera); AB (legumin, Vicia sativa); AC
(legumin, V, sativa); aB (legumin, Vicia faba); glycinin (Glycine max);

P67 (arachin, Arachis hypogaea); and, PQO (acalin B, Gossypium hirsutum).

The difference indices range from 9.04 to 12,45, The amino acid
composition of on and P31 were also compared with the individual subunits
of the legumin type proteins. Two potential homologous series are

apparent, One consists of on, A (V..Bativa), B (V. faba) and P24
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(A, hypogaea); and, the other series consists of P31, B (V. sativa),

¢ (v, sativa), a (V, faba) and P(‘3 (A. hypogaea). 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 the

individual reduced subunits of PIO0 from acalin B, Thesc values of the
difference index are respectably low when the phylogenetic distance

between the coconut palm and the other spacies is considered. The apparent
homology between on . P31 and the Jegumin type aleurins lends additional
support to the concept that all are produced and sequestecred 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 golid
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
caugse serious economic losses. When water stress occurs during the perioed
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 Z reduction in the fresh weight

of the endosperm per seed at maturity was noted for palms suffering water



-101- Appendix M, Page 6

stress during the period of waximum ovular growth, Most of the growth of
solid endosperm and the synthesis and segregation of the coconut seed
protein occurs after the oviie 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:

Ultragtructural Analysis of Solid Coconut Engosperm

As reported ecarlier, the wultrastructural 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 protelns 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, digctyosomes 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 organclles appears. Vecuoles 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 ghow the results of such
an experiment, Clearly’ the protease removed the crystalline core. The
removal of the amorphous layer surrounding the crystal i{s not so clear
cut,

The tissue which was at the cooked egg white stage 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

enzym: -- 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 HIJ11A 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
dictyogsomal 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 1s given in Figure 1lh.
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The ultrastructural pattern for the cooked egg white through
rubbery stages is similar to that obscrved for developing plant embryos
that are actively producing and segregating the vacuolar seed protcins,
the aleurins. A detailed account of the ultrastructure of the process in
developing embryos of cotton, peanut, and shepherd's purse is given
elgewhere (Dieckert and Dieckert, 1975)., Dieckert and Dieckert (1972)
proposed that the alcurins are synthesized by p' ‘vribosomes attached to
the outer surface of the endoplasmic reticulum, transported to the
dictyosomes, packaged and/or modified by the dictyosomes and sequestered
in vacuoles bounded by a single cytomembrane. Since the pattern is
similar in developing coconut endvsperm, it is now propused 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, The
practical result of this difference is that classical aleurone pralns
do not form. Instead, the aleurins remain in watery vacuolcs at maturity,
The total body of data available for all seeds makes the hypotheslis
attractive., The hypothesis 1s useful here because it helps in undersctandin;
the nature of the economically important coconut sced proteins and the
effeccts 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 tiie 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 whitr 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, Fhe 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 ~20,000 and 30,500 molecular
weights with a minor con:taminant 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. Robin
Khaund (1971) reported earlier. Isolate 1 was fractionated into its
subunits by a method of prepavative 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

and P

concluded that P are present in about equimolar quantities, This

20 30
suggests that isolate 1 has the stoichiometry (on, 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 Z of each amino acid. The
results are given in Table 1. Assuming the starting material was an
equimolar mixture of the two principal 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 pSl Reconst., of Tablel.
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 identity or
homology is to compare their amino acid sequences. A less satisfactory
procedure is to compare their amino acid compositions by the "diffcrence
index" method of Metzger et al. (1968). The essence of this procedurc is
given ia Table 2, The Metzger procedure was cmployed to compare the

"reconstructed' P_. with the starting material and, more importantly, to

51
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. FKven
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
difference index should have been zero. That it is not reflects the
experimental errors we experienced., Calculation ghows that if two proteins
contained no amino acid in common, the difference index would be 100.

Metzger et al, point out that functionally unrclated proteins usually

show difference indices of 15 - 40, Proteins that are homologous, 1i.e.,
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have structural genes with a common ancestor, often have similar amino
acid composition and correspondingly low values of the differcnce index.
Examples of homologous pairs of proteins are given in Tablz 3, Although Metager
et al, 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, gei-e duplication and divergent evolution to different functions
provides the explanation for the large difference index observed.

If the amino acid composition of P51 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 P51 : P51Reconnr.
This is the case, as shown in Table 4, and is added confirmation of the pro-
posed stoiciiometry for PSl' |

As repnrted 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
PSl is homologous to aleurins from other species of higher plants. The
regsults of comparing the amino acid composition of P51 with selected
aleurins from other species of higher plants is given in Table 4. Clearly,
PSl is similar in amino acid composition to legumin from V, sativa and
V. faba, glycinin from G, wax, arachin from A. hypogaea and two unnamed

aleuring from cottonsred,
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Legumin, glycinin, arachin and P51 geem to be of the (A . B)n
type stoichiometry (Dieckert and Dieckert, In Press). A pairwisec
comparison of on and P30 from coconut endosperm with the subunits of
the legumin type protein 1is .nteresting (Tables 5 and &). By the Metzger
criterion for homology on is homologous to A (V. sativa), B (V. faba)
and P23 (A. hypogaea), Similarly, P30 1s homologous to B and C (V. sativa),
a (V. faba) and P43 (A, hypogaea),

The similarities in the ultvastructural patterns associated with
production and secgregation of :he stnorage proteins in a range of species
of plants that ave phylogenetically quite different,and the similarities
in the awmino acid composition of key aleurins from cach, lend additional
support to the present interpretation of coconut sced proteins and thelr

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 rclated to periods of maximum active growth
of a tissue or organ. Relevant data 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 enviromnentally 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 coiditions 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 Atlaatic Ocean,
Fresh water to the roots comes from direct rainfall or run-off from the
mountainside above it. A modest stream of surface or subsurface water
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 hy 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 144°
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 averagc 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 sced varied greatly
from inflorescence to inflorescence for Individual palms. The weight of
endosrerm per seed ranged from about 125 g to 326 g. The variation within
coconuts tuken from a given inflorescence was much less. The variation
was so great that efforts to obrain growth curves for the solid cndosperm
were frustrated. An equation was discovered that adequately rclates size
parameters of the coconut seed to the quantity of endosperm produced at
maturity by a given seed. The equation was established from data gathered
for Palm 18. The agrcement between the observed values and the calculated
values for Palm 18 is illustrated in Figure 16.., The solidlline is for
perfect correlation, Fach 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 Tl1. 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,
EOIEC,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 resultin& normalized growth curves for the endosperm of
Caneel Bay Palm 2, Palm 18 and Palm 42 are given in Figures 13, 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 EO/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 endospern 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 zrowth 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
endogperm achieves maximum fresh weight about 365 days post spathe opening.

A periodic function is obtained if the average of the calculated
welghts 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 uscd
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 Caneel 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 be dry
and June through December tend to be wet. Figures ¥7 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 Caneel 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 s0lid 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 l.ameshur 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 histograms shown in Figures 22 through 26, These
vere used to egstimate the rainfall during suspected sensitive growth
periods,

As shown in Table 8 the interval of time between the opening of
successive spathes was shortest during the periods whea 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 betwecen 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 1% and jg;.
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The function does not repeat 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 sced
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 X 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 cffect 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
rainiall 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 drier 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 scem 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

hapen 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 rainfali
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distribution for the critical growth period for coconuts was better, and
80 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 cvidence
clearly shows that water stress during or immedfately preceding the central
100 day growth period of the ovule will severely reduce the size of the
ovule and, cnnsequcntlz, the fresh weight of the solid endosperm produced
per seed, This conclusion is strengthened by the observation that Caneel
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 Caneel 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 Figurcs
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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.

Crystaliine protein deposits in coconut endosperm.

a, Vacuolar protein crystals (PC) in cell of coconut endosperm at
cooked egg white stage. X 10,000,

b. Biphasic 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 characterigcic of the rough endoplasmic 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 dictyosome (D) actively engaged in packaging the
protein into Golgi vesicles (GV) for transport to the vacuole, where it

will be deposited as vacuolar protein (VvP). X 127,500.
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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,

b. Serial section of same cell which has been treated with protease,
showing the digestion of the proteim 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
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Figure 13
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Figure 18

MONTHLY RAINFALL
TOTALS FOR
CANEEL BAY, 197I

JF M AMUJJ A SON
month

]

D




inches

| 2 -

| O -

-143- Appendix M, Page 48

Figure 19
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Figure 20
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Figure 21

MONTHLY RAINFALL
TOTALS FOR
CANEEL BAY, 1974
| 2
10-
E; -
v
Q
S 6-
c o
o o
(03]
4 - N
pus |
@)
22 o
J FMAMGUJAS ON D

month



Appendix M, Page 51

-146-

Figure 22

i | i
- 12 ] {2 .E:
i

| 1o i 10 -!

}

8 < -

~ (]} e j
D |

La

6 ¢ 6 -
L ‘-
- 2 -
] | :

! Crrd W"Q
”Wﬂ c_ T ?mmr _—'45’%‘ ,' L —-‘ cTrw X 2T ‘.5
o 40 80 120 160 2C0 240 280 320 3601 400
1970 G303y >
(1970) SR 355 (197



Figure 23

Appendix M, Page 52

=T
]
l

i3 I rer
TR LD D €T D AN ABAAN -

3‘

§ T mhﬁm’wu‘a’t m‘#»“-:::-ﬁ —L’Vr ~~‘WJ'-'-
400 440 <0 5 52 "DO
Ys) 75 ho 3 iz 235

(1s71) 3

|




.igute o4

12 |2-£
i
- |
%L 10 10 -
[+ 9
=
o
4
ere 8 -
G

6 -
2
4
_ 2
i | 3
3 ;LJ"L.F‘]

" w_r—;:uxa...m — .: R .-_ .. - P _-’..»._ __‘--.3—-'23‘".
1040 ijosol 1120 H60  12C73
310 350 24 64 104

365 (1973)



Figure 25

A -~ |10
§°
=
%
ol
g W
%)
- % ¢y
| S
R
— 4
| =3 i ! Tt
l’LJrJ-i"LJ ' —
3 T e v e
120 1240 l280 :qzv 1350 1400
104 144 184 224 254 304
(1973)

CGay

o
10 -
8..
6_.
4 -
2-‘
X o l | | f _
i Salnnieia St < ’ i -
1440 1 liso i320 i560 1600
344 5 |9 59 SS 139
565 (1974)



nt

10

1esC 20

PR W YT P I U SRR T
o

¢

ie30

-y

4
! TTIN RGWEIOA. !
: i
Wu-\ m". YA TIT. VLI SR TR AP VB¢ T SIS IR Lel ¢
n ﬁﬂl-v AR STRASREE -
(
_.
H? 'Y E LU BRI RS e T TR L X U VoV F VoI T )
VORI S TR T NPT £t S BN SRS RRBAE T £ b BN PP LRI AWV % IR BE Py
_.'i‘l.\.’t.l.,l.p
m"‘l“m
S 0, T Y 4 ryYe
¥
b
!
1
e r [
ST I Ul “
¥
[ ]
<
N © ©0 < o

— 10

| | L l

gg @8eq ‘W xTpuaddy -0ST-

4]
[Af]
'

n
o
n lq~

O
4Y)

o

- -

Al

i7S

)
4]

(1974)



Table 1

AMINO ACID COMPOSITION® OF P., AND SUBUNITS on AND Pag

51
Amino Acid Mole 2 b
PSl PZO P30 PSlreconsL.
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
Pre 4,42 4,26 4.99 4.70
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 3.1 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.

A1l values ars corrected for degradative losses and
incomplete hydrolysis.

d
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Table 2

METZGER INDEX FOR COMPARING PROTEINS

18
Difference Index (D.I.) = L ’ Ai - B1 I
i=1
2
A, and B, = The mole % of the i amino

i i
Acid in Protein A and B,

D. I. = 0 if A and B are identical and
100 if A and B have no &mino acid

in common.

References Metzder et, al.

Nature 219 1 1166, 1968.
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TABLE 3

DIFFERENCE INDICES FOR SELECTED SYSTEMS OF PROTEINS

SYSTEM D.I.
Pea * Peg a X 1.03
FUNCTIONALLY UNRELATED 15-40
TRIOSEPHOSPHATE: DEHYDROGENASEs MAN : E. COLI® 7.5
LIGHT CHAIN : HEAVY CHAIN» I.° 7.4-11.5
BOVINE CROTONASE : CLOSTRIDIAL CROTONASES 8.4
TRYPSINOGEN : CHYMOTRYPSINOGEN® 13.8

d -CHAIN :f8-CHAIN: HEMOGLOBIN® 13.9
PORCINE INSULIN : PORCINE PROINSULING 19.3
HEN EGG LYSOZYME : BOVINE LACTALBUMIND 22.6

Data drawn from: aDieckert and Yu (Unpublished);
19687 “Waterson et al., 19723 dChance et al.y 1968.

bMetzEer et al.s
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TABLE

DIFFERENCE INDICES FOR SUSPECTED HOMOLOSUES OF COCOSIN Ps1

FROM COCOS NUCIFERA L.

SYSTEM D.1.
Ps, (51:100) COCOSIN: d B(60,800) VICIA cABAP 9.04
Ps, (51,100) COCOSIN : A B (61:500) VICIA SATIVAS 19.03
Pgq (51:200) COCOSIN : A C (565300) VICIA SATIVA® 10.05
Pgq (51+100) COCOSIN : GLYCININ (59,500) GLYCINE maxd 11.76
Pgq (511100) COCOSIN : Pyg (66:700) ARACHIS HYPOGAEA® 12.45
Fg, (51:1100) COCOSIN : P, (39,842) 30SSYPIUM HIRSUTUM® 9.68
Pg, (511100) COCOSIN : P, (53,50C) GOSSYPIUM HIRSUTUM® | 11.28
Psy (511100) COCOSIN : COCOSIN RECONSTRUCTED (51,125)° 2.06

Raw data from:

Boulter, 19743

a\-Jallace and Dieckert (Unpublished??’
chintraub and Tuen,» 19713

19713 ®Yu and Dieckert (Unputliished).

bwrignt and

dCatsimooolas et al.,
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Table 5

COMPARISON OF on OF COCOSIN FROM COCOS NUCIFERA L. WITH SUBUNITS
OF LEGUMIN-TYPE PROTEINS OF OTHER SPECIES

SYSTEM D.1.
P,o (2013000 COCOSIN®y A (244300) VICIA SATIVAP 13.37
P,o (201300) COCOSIN & B (37,600) VICIA SATIVA 14.55
P,g (20+300) COCOSIN & C (32,000) VICIA SATIVA 18.24
P,o (20+300) COCOSIN 1 B ¢23,800) VICIA FABAS 13.41
P,o (201300) COCOSIN 1 d ¢37,000) VICIA FABA 15.90
Phg (203300) COCOSIN 3 P,3 (23,600) ARACHIS HYPOGAEAY 13.67
P, (20+300) COCOSIN : P,3 (43,100) ARACHIS HYPOGAEA 21.05

Raw data from: aWallace and Dieckert (Unpublished)s bw’eintraub and
Tuens 1971; SWright and Boulter, 19743 dYu and Dieckert (Unpubliished).




Table 6

COMPARISON OF P30 OF COCOSIN FROM COCOS NUCIFERA L. WITH SUBUNITS

OF LEGUMIN-TYPE PRGTEINS OF QTHER SPECIES

SYSTEM D.I.
PBO (30,900) COCOSIN®: B (37,600) VICIA SATIVAb 9.84
P30 (30+900) COCOSIN : C (32,000) VICIA SATIVA 13.22
P30 (30+,900) COCOSIN : A (24,300) VICIA SATIVA 17.86
PBO (30,900) COCOSIN : @ (37,000) VICIA FABAC 10.99
P30 (30,900) COCOSIN :‘3 (23,800) VICIA FABA 18.04
P30 (30,900) COCOSIN : P43 (43,100) ARACHIS HYPOGAEAd 12.40
P30 (30,900) COCOSIN : P23 (23+600) ARACHIS HYPOGAEA 15.97
P30 (30,9003 COCOSIN : on (20,300) COCOSIN 10.27

Raw data from: a\-Iallace and Dieckert (Unpublished)s bWeintraub and
Tuen» 19715 CWrieht and Boultery 19745 dYu and Dieckert (Unpublished).
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Table 7
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AVERAGE TIME ELAPSED BETWEEN OPENING OF
SUCCESSIVE SPATHES

Period

200(1970)-1(1971)
219(1970)-7(1971)
1(1971)-182(1971)
7(1971)-168(1971)
182(1971)-8(1972
168(1971)-48(1972)
8(1972)-262(1972)
48(1972)-272(1972)
262(1972)-88(1973)
272(1972)-100(1973)
88(1973)-280(1973)
100(1973)-287(1973)
280(1973)-121(1974)
287(1973)-123(1974)
121(1974)-330(1974)

. Days
Palm 18 Palm 42

28
26

36
40

32
35

36
37

38
39

38
47

42
40

42
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Table 8

RAINFALL AND THE ELAPSED TIME BETWEEN THE OPENING
OF SUCCESSIVE SPATHES

Period Av. rainfalliAv. intcrval, days
10 days, in.| Palm 18| Palm 42
201(1970)-15(1571) 2.68 26 28
361(1970)-186(1971) 0.94 40 36
166(1971)~50(1972) 1.21 35 32
1(1972)-280(1972) 1.06 37 36
261(1972)-104(1973) 0.85 39 38
85(1973)-294(1973) 1.21 47 38 ¢--
275(1973)-129(1974) 0.83 40 42

¢-- Apparent anomaly
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Table 9

SPERM PRODUCTION AND RAINFALL DURING THE PERIOD
OF MAXIMUM GROWTH OF OVULE FOR PALM 18

Spathe Open - 1 Rainfall, inches 2
Day Year 10 to 90 % 3
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 ¢&--

236 1971 291 9.88

270 1971 257 13.14

288 1970 227 8.54

304 1971 151 12,74 ¢--

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 Caneel 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 DURINC THE PERIOD

OF MAXIMUM GROWTH OF OVULE FOR PALM 42

Spathe Open By g 1 Rainfall, inches 2

—————————— ? Q.
Day Year : 10 - 90 % °
12 1973 156 7.93
50 1973 158 12,06 €--
88 1973 191 15.50 €~
121 (1974) 234 25.94  {--
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

1. Average for the inflorescence.

2.

—

Average values for Cruz Bay and Cancel Bay.
Values for corresponding 10-day periods for
each station were averaged.

The 10-day rainfall increments were summed for
the period during which the ovule was estimated
to grow from 10 to 907 (central 100 days) of
maximum growth.

Apparent anomaly.
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Table 11
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RAINFALL RATE AND ENDOSPERM GROWTH FOR PALM 42

a

Day sgpathe Growth |(E_/E )ob(E /E ) , .
open interval | © o c’exp [f % RF/10 day
days

88 (1973) 85 0.38 0.50 76 1.59
280 (1973) 103 0.25 0.64 39 0.68
50 (1973) 133 0.78 0.85 92 1.46
242 (1973) lﬁﬁ 0.62 0.91 68 0.77
12 (1973) 167 0.94 0.97 97 1.36
203 (1973) 186 0.88 1.02 86 0.71

a Growth interval:

b
(E,/E)

expected:
endosperm determined for Caneel Bay Palm 2 (Figurc

Cf2=(E/E)
0O C€C O

b X 100

(Eo/Ec)exp

collection date - date spathe open- 130 days.

EO/EC read from normaiized growth curve for the

).
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Abstract

By combining SDS-gel electrophoresic 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
quantitices of pure pol§peptides. Using this technique, we have isolated
two molecular weight classes of polypeptides from coconut storage globulins
and determined the amino acid ccmposition of each. When the two amino acid
compositions were surmed on a molar basis, the result agreed reasonably well
with the amino acid composition of the starting material with the oxception
of cystine. Apparently, some contaminant from the polyacrylamide causcd

its destruction to be accelerated during hydrolysis.
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Introduction

Since the introduction of electrophoresis of proteins afirr denaturation
with SPS (1), the technique has been recognized as a powerful anclytical tool
and is used extensively to determine the molecular weight of polypeptides (2,3).
Dentturation and wrapning of a protein with SDS, while often necessary when
working with proteins insoluble in dilute buffers, severely limits the possi-
bilities for further fractionation. Two possibilitics arce hydroxylapatite
chrenatography (4) and procedures which fractionate on the basis of size nuch
as gcl parreation chromatography and gel clectrophoresis.  The high resolving
powur of gel clectrophoresis makes the technique attractive an a preparative
procedure.  Disadvartanes of the technigue are low capacity and a problem of
remcving ultreviolet elsorbing, nondializable contaminants from the acrylonide
extrectn.

Previous attempts at preparative electrophoresis (S) have resulted in the
isoletioa of nanomolc quantitics of purc polypeptides. This is sufficient for
characlerizalion studies if nmicroproccdures are used for N-terminal analysic,
aminc a@:-id analysis, and tryntic mapping. Another approach (€) is to cut out
stain~d bands from polvacrylamide gels aﬁd hydrolyze gel, dve, and protein
to determine the amino acid composition. The very large quantity of acmnmonia
teleanad during hydrolysis interferes with amino acid analyzers which use nine
hydrin. This cften recults in spreading of the ammonia peak to a degree whichn
prevents the quantitation of the adjacent histidine peak. High concentrations
of armmonia will also form a pgecipitate with ninhydrin and stop the flow
through the heating coils of the amino acid analyzer., In addition, the precence
of gel comporents during hvdrolysis may alter the hydrolysis rate or cause the
cestruction of various amino acids.

The techniques described in this paper permit the isolation of milli-
gram quantities of polypeptides which allows many characterization studies
to ke conducted without resorting to microprocedures. The protein is eluted
from the gel. Conseguently, most of the gel components have been removed
prior to hydrolysis. The technique involves electrophoresis on (10 x 0.4 x 6.5mn)
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 grown in Jarmaica and donated by the Texas A&M Food Protein
Research &nd Development Center. Bromphenol blue and reagent grade potassium
persulfate were obtained from J. T. Baker Chemical Co. Acrylamide, N,H'-
methylene~bis-acrylamide (Bis), and Comassie hrilliant blue R-250 were electro-
phoresis grade from Bio-Rad lahoratories. 2-mercaptocthanol and N,N,N',N' tetra-
methylethylenediamine (TEMER) ware purchased from Eastman Oraanic Chemicals.
Sodium dedecyl sulfate {(3DS) and 4N methanesulfonic acid with 0.2% 3-(2-anino-
ethyl)-indole were sequanal grade from Pierce Chemical Co. Ammonium sulfate
was cnzyme ¢rade from Schwarti-ﬂann. Preparative electrophoresis was performed

in an Ortec model 2100 electrophoresis eapparatus.
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Preparation of Coconut Storage Proteins

Isolation of the S2-45-45 coconut jsolate is summarized in figure I.
The wvhite coconut endosperm from mature coconuts was first extracted by
mixing in a YWaring blender with 0,1 M NaCl, pH 7.0, S0 rMd sodium phozphate
buffor vhich was 0.024 soa.um az.de (buffer A). After centrifuaation, tnree
layers verce present; a top laycr of solid coconut fat, a middle layer or
golvent with dissolved cozonut protein, and a precipitate on the bottom. 7%he
top two.lavers were remroved, and the precipitate was extracted in a Waring
blender with 1.0 M NaCl pH 7.0, 50 m¥ sodium phosphate hutfer (bufier P). The
slurty was centrifuned, and the supernatant was brousht to 4% naturation with
amponiuwn fulfate. Aftor stirring for twe hours at roem temporature, the
slu-ry wor centrifuqged and the precipitale rediceolved in buffer Re The pio-
tein solutler was acain brought to 45% zaturatnion with ammonium sulfate.  The
resulting procipitate vas centrifuced, dissolved in buffer B, and dialired 42
houre acainnt the same buifcer «t 99C. This protein isolate was labrled 52-47<45
and is the starting material for rreparative electrephoresis.
Electrothoresig

The c¢lcctrorhoresis sysicm is essentially the same ac that describad by

weber and Caborn {(2) with & fev modifications. The 32-45-45 proiein solution
was combincd with sufficient 10% SDS in water to provide five times as ruch S35
as protein on a weight basis. The mixture wac inmediately placed in a 100™:
water bath and incubated for five minutes. 1t was then transferred to a dial.-
sis bag and dializnd acainst distilled water for 48 hours. The desalted protein
solution was freecze dried and dissolived in sufficient 10 mM sodium phosphate
buffer, rH 7.2, to give a 2% protein solution. A portion of this solution wasn
subjected to analytical SDS electrophoresis and the molecular weights of the
peptides deermined according to the procedure described by Weber and Cshorn (7).
The relative proportion of ecach polypeptide was determined by scanning the Coo-
massie bluc stained gel at 650 nM in a Gilford model 240 spectrophotcnetver.

The acrylamide gels for preparative work were acrylamide of which 3%
was Ris (7T, 3%C). They were prepared by combin? 12,5 ml 28%T, 3%C acryla-
mide stock solution, 25 ml gel buffer (0.2M sodium ;hosphate buffer, oH 7.2,

1.0% ShS, 0.04% sodium anide), 0.075ml TEMED, and 1Cml of water. The solution

is mixed well in an ice bath and then 2.5 ml of potassium persulfate solution
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(10 mq/ml) is added. 24 ml of the acrylamide solution is delivered into ecach
of two Ortec slab gel molds. The acrvlamide solution is layered with
sufficient isobutyl alcohol as described by Neville (8) to provide a flat
interface between the acrvlemide 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 burfcr and woter. The gels sheuld be allowed to polymerize for one

to two hours before they are used for electrophoresis. They may be stored

for several weeks at 4° C without noticable changes in their electrophoretic
propertics.

The amount of protcin applied to the gel will vary depending upon the
degree of separation of the protein bands of interest. ‘the two predominant
polypeptides in the S2-45..45 coconut inclate are suificiently seperated to
allow S5 m3 of protein to be applied to the gel. 0.25 ml of the 24 SP=45-47
proteir .. SDS solution is comhined with seven to eight crystals of sucrose,
10 1 of a 0.5% soluticn of bromphenol blue :racking dye, and 10 wl of 2-mer-
captoethanol. The solution ir incubaled for five minutes at 100°C. we have
found that it is best to fill Loth the upper and lower reservoir buffers of the
electrophoresis apparatus before the pretein is applied: The protein solution
can then he lavered on top of the acrylaride qels with & pasteur pinet.

Electrophoresis was for four to five houws with a current of 20 mA per cn?
of gel surface area (163 mA for the ortec system) with the anode in the bottom
chomber. During electrophoresis the upper chamber pHY rises rapidly. This problea
can be controlled by changing the upper eclectrode buffer twice during the three
to four hour electrophoresis period. The lewer electrode buffer is routinely
used for three runs before it is discarded. 1In preparative work it is important
not to mix the upper 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 btands can be visualized by chilling as
described previously (7). The gels are removed from the casting molds and
placed on a glass chrcmatography plate. They are covered with a layer of

Saran wrap and chilled overnight at 4° ¢ or for several hours on cracked ice.

The protein bands appcar 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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desired protein band is macerated by the action of a class stirring rod on the
side of a beaker contzinina the gel. Twenty or more volures of 0,0i% SDS in
water is applied and thz slurry is stirred overnight at roum temprrature. The
slurry is filtered throush Vhatman #41 filter paper and then throush a O isum
millipore €ilter. The supcriatant is concentrated by freere drying.

The protein extracted from the acrylamide gels was analyued qualitatively
by weber and Cshorn's precedure of analytical gel clectrophoresis (2y. Cuinti-
tative analysin for protein was by the procedure of Lowry (9) after the procein
had kren precipitated with ten voluses of 10% perchloric acid, 1% phosphotunce
stic acid.

I1f the nroduct is not of desired quality, it may be recycled throuah the
clectropheresls procedure as shewn in fiqure TI. We have been able to purify
proieins which have very similar mobilitiesz with a maxirun of two cycles of
clectrophoresis, With the $2-45-45 coconut isolate cnly one cycle ol elecirn-
phorusis warn necessury.

Amino Acid Anslvuein

Hydrolysis of the polypeptides was with methanesulfonic acid accordina to
a modificatien of the presedure of Liu and Chang (10).

1) A protein sample containing a minimun of 3.6 mg of protein dicsolve.’
in SD3 is dielized ovorniaht against distilled water.

2) The protein soluticn is removed from the dialysis bag and precipitased
by the addition of 10 voluuws of acctone. Then it is redissolved in sufficiont
quantity of 10% SDS in wiier to give a concentration of €-15 mo/ml.

3) A portion of this solution containing 0.8-1.5 mg of protein is tronc-
ferred with a 1001 Hamiliton syringe to each of three 1 ml ampules.

4) Sufficient acetwunn is added to th~ ampule to make the total volume 1
ml. The ampule is placed in an ice bath for 1 hour and then centrifuded with
a8 clinical centrifuge., 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 strcam of nitrogen.

5) 0.5 ml of 4N methanesulf{onic acid containing 0.2% 3-(2-aminocethyl)-
indole is added to the ampule.

6) The ampule is alternately evacuated with a water aspirator and
flushed with nitrogen. This is continued for four to five cycles. Finally,
the ampule is cvacuated for ten minutes and sealed under vacuum with an oxygen

torch.
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7) The ampules were heated for periods of 24, 48 and 72 hours at 110° .
8) After hydrolysis, the content of each ampule is removed quantitatively,
combined with 0.5 ml of 3.SN NaCH, and diluted to a final volume of 1.5 ml,
9) Duplicate aliquots of 0.25 ml are applied to the long and short
columns of a Beckman 121 C amino acid analyzer.
10) The amino acid data is plotted as a function of hydrolysis time.
The average values for three hydrolysis times, the valucs obtained by extra-
ition to zero hydrolysis time, or the 72 hour data was used as considered
appropriate.
11) The amino acid composition data is compared by calculating tne
difference indicies as described by Metzger et. al. (11) and Dieckert and
Dieckert (12).
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Results and Discussion

The procedure for the isolation of the $2-45-45 cocounut protein iz similar
to that for cocosin as described by Khaund (13) and most likely contains the
same proteins. The SDS-electrophoresis pattern and quantitative scan of the
gel is shown in fimue 111 and the molecular weicht calibration curve an figure
1V. The isolate is decminnted by two molecular weight classesn of polypentides
with melecular veights of 30,000 and 19,00C as determined by S qel elecirorhore-
sin. In addition, a zra1l amnount of polypeptide with i molecul-r weichi of

51,000 was present. The polyreptides were labeled P aned P resrre~tively,

50" V1a 51
Thn S57=45-45 isolale accounts for 27.€% of the total pretein oxiractesd from the
coconut.

It ic tempting to cnoculete that the P30 and Pyq polypebtides combine to
form & 43,000 dalten svionit in the native molecule. Tntegration of the auanti-
tative scaa of the Coonarsie blue stained gol aives thie relative prorovticons
of Pyg:Fyg to be 1:1.,2¢, If they were precent in exactly caual molar amountre,
the rrrull sheuld be 1:1,.58, The diffrrence in the oboerved und exvectod 1e-li-
tive pruporticns mav ke dur Lo {he inaccuracices inhoroent in the molecular
welant cctitates, due (o difficulties in scanning Cocaassieo hBlue stainod aelo,
(14) or there night be i small amonnt of conciminatirg prolein wiich has a
molecular weichit of enrooxirmtely 19,000,

During preparative cloctrophoresis, the pH of the upper eloectrode bulier,
as vell oo the gel, will) rise to as high as 10.5 to 11.0 if the upper reserw
voir buf’or is not chanard during the run, This was first oheerved when a
strong smell of ammonia wos detocted from the gel after a run. Apparently,
the pi had riscn hich cnuuagh to hydrolyze the amide aroups of the polvacryla-
mide. 1In addition to this problem, disuvlfide interchange was observed in
certain polypeptides with cystine residues. It seems likely that breaking of
certain peptide honds which are highly susceptib’e to basic 1'drolysis could
also take place. The incrcase in pH would also be expected to cleave some of
the amides in the asparagine and glutamine recidues of the proteins. This
would Introduce charge heterojenity and complex patterns if the purified poly-
peptides were later checked for purity by a procedure such as isoelectric focuse
ing. Changing the upper rerervoir 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 clectrode buffer chamber, but the upper chamber will
hold only 0.75 liter of huffer.
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The P19 and P3o bands are well scparated with 5 mg of protein placed on
the gel, Even the pSl polypeptide is visible after chilling. There was no
problem in cutting the polyazrvlamide slebs before the SDS-protein complexes
redissolved and disappeared. However, if a large numbher of bands are being
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 gel has not been left at room tumperature
for a long prrieod of time.

Table I sunmarizes the guantitative data from four clectrophoretic ico-
lation experirents. One of the major problems of the preparative electrorhoresic
technique is the exiraction of the protein from the gqel. 1In these exreriments,
the recovery was 53-73%, and the yicld decreased as the arount of protein anplicd
to the gel increased. Figure V shows the result of the qualitative analyrin of
eyperiment 1V.

The amino acid compositicon of the 52-45-45 isolate, P 0 snd P, . are

3 14

shown in Table II. The P data was conputed by summina the analysi- of

P19 and PBO on

a means of ccmparing the amino acid composition of two proteins (11,12). ‘the

19 * P30
a molar basis. Calculetion of the difference index (D.T.) providrsn

procedure is to express the amino acid composition of the two proteins as
mole percent (}JS). Then use the following formula to calculate the difference
index.
DJI. = 1/2% (aM2)

If the two amino acid coanpositions are identical, the difference index will be
zero. However, if the two proteins have no amino acids in common, the result
will be 100. Our expericnce has indicated that a difference index as high as
1.5 or 2.0 may ke obtained due to experimental error when duplicate analysis
of the same proteins are conducted. Wwhen the Pl9 + P30 values are compared
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 aAM% 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 larqge ammonia peak was

present. However, the procedure described resulted in an ammonia peak which
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remained on scale and did not result in peak spreading or the formation of a
precipitate in the heating coils of the amino acid analyzer. Apparcently
soluble acrylamide from the gel was responsible for the ammonia peak. We are
now exprrimenting with a numbor of possible procedures for the removal of

this material ‘rom the cxtracted protean prior to hydrolysis.
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Table I

Data on four preparative electrophoresis experiments,



TABLE b4
TOTAL PROTEIN
TOTAL PROTEIN EXTRACTED FROM GEL

EXPERIMENT | ELECTROPHORESED qu P’O P19 RECOVERY

1 1 mg/slab X 2 slabs 0.63me| 0.32meg| 73 %

11 2 mg/slab X 2 slabs 1.07 mg 0.65me| 65 %
III 3 ma/slab X 2 slebs 0.24% me 1.31 g 0.97 me| 63.5 %
v E mg/slab X 2 slabs 0.4392 mz 2.32 e 1.54 mg| 52.5 B

-GL1~

yi 98eq ‘N xjypuaddy
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Table II
Amino acid composition of the S2-45.45 coconut isolate and the
19,000 and 30,000 dalton polyoeptides. Difference index is calculated

according to Metzger (11).



TABLE II

AMING ACID COMPOSITION OF VARIOUS ISOLATES IN MOLE %

PROTEIN ISOLATE

=LLT~

AMINO ACID
P19 PBO P19 + P30 S52-45-45 AMOLE %
LYS 4.10 2.09 2.91 2.48 0.43
HIS 1.04 1.14 1.10 1.22 0.12
ARG 11.35 12.37 11.96 11.8%9 0.07
TRP 0.363 0.427 ¢.401 0.407 0.C06
ASP 9.41 9.7 9.59 9.24 0.35
THR 5.04 3.83 4.32 4,46 0.14
SER 7.48 8.C1 7.80 7.24 C.56
GLU 12.89 19.53 16.88 16.56 0.32
PRO 4.27 4.37 4.33 4.43 0.10
GLY 8.44 7.89 8.11% 7.98 0.13
ALA 7.18 5.84 6.38 6.3 0.03
172 CYS 0.265 0.803 0.565 1.72 1.16
VAL 7.65 6.1 6.77 6.74 0.03
MET 2.13 0.9%94 1.45 2.15 0.70
ILE 5.45 3.21 4.12 4.21 0.01
LEU 6.90 7.31 7.15 6.51 0.24
TYR 2.62 2.44 2.51 2.55 0.04
PHE 3.43 3.81 3.66 3.53 Cc.13
D.I. = 2.31

91 adueq ‘N xjpuaddy



~-178~ Appendix N, Page 17

Figure I
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ISOLATION CF THE '§2-45-45 FRACTION
OF COCONUT GLOBULINS

120 gm fresh coconut endosperm mixed in blender with
300ml of O.1 M NaCl, 50mM sodium phosphate
buffer, pH7.0

Supernatant (SI) recipitate

extract with 400ml 1.O M NaCl,
50 mM sodium phesphaie bufier,
pH 7.0

/

a"‘——m"‘__,,———‘"

Supernatant (S2) < Precipitate

45 % saturation with (NHg),504

e

Supernatant "> precipitate (S2-45)
—~dissolve in 10Omi LLOM NaCl, 50/
sodium phosphate buffer, pH 7.0
— 45% saturationwith (NH,),SO,
//’l -
Supernatant/ Precipitate (52-45-4%)
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Figurce II
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STRATEGY FOR ISOLATION OF SDS- PEPTIDES
BY FREPARATIVE ELECTROPHORESIS

Denatvration of protein with 5x SDS, 1% 2-mercapto-
ethauol, incubate 5 min. 100° C

1

Elscirophoresis on slebs (I02mmx3mmx90mm) ¢

|

Visualization of protein bands by chilling
Remove nrofoin band and grind info emall pieces

Extract with |10 volumes of 0.01% SDS in H,0

Filter slurry and I;'FOphilize filtrate

Qualitative anolysfé by analytical
SDS gel clectrophoresls

—

Quantitative Store frozen at ~10°C
Lowry

Analysis
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Figurr IT1

Quantitative scen of S2-45-45 cozonul jreli‘c. Optical dr .o iy

measured at 650 millimicrons on a Gilford mog~l 270 rrocrrovhot oner,
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Figqurn 1V

Molecular weiaht calilration curve for SDS ¢ -1 edecirophe. roirn,



MW x {0

Ovalbumin

Pepsin
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DFP Trypsin

Cytochrome C
? l.lo 1.2
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FIGURE V.
Qualitative analys!s of pruparative electrophoresis experirent IV,

Starvting material is the 52-45-45 Coconut isolute.



FRACTIONATION OF Py
BY PREPARATIVE SDS
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