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Abstract
Coconut milk was produced from grated coconut meat by
extracting w ith 0.5M NaCI solution (2:1 w/w) using a blender
followed by squeezing. Defatted coconut milk was also pre
pared by removing the fat from the whole coconut milk using a
cream separator. U tilizing the whole or defatted coconut milk,
two types of products were developed; curd-type and cheese-like
products. Coconut milk, either whole or defatted, was heated at
98°C to produce soft curds. A fte r heat-coagulation, the curds
were pressed in cheese cloth o ve rn ig h t to d ra in the whey.
Cheese-like products were developed utilizing coconut milk and
coconut protein concentrate (CPC), which was prepared from
defatted coconut milk through u ltra filtra tio n and spray-drying,
based on the American cheese formulas. The sources of proteins
were from the mixtures of CPC and coconut milk or the mixtures
of CPC and caseinate at ratios of 10:0, 9:1, 8:2 and 7:3. The
yield, chemical composition and textural properties of each type
of products were determined. The optimum extractability of co
conut protein was obtained with 0.5-1M NaCI solution, at pH 7-8
and at 35-55°C. The curd-type products had the highest yield
(49.7%) and possessed unique textural properties with no adhe
siveness. The cheese-like product (7:3), the firmest product, had
textural properties very similar to commercial processed cheeses.
As the CPC content increased, the texture of the cheese-like
products became softer. A lim ited-scale consumer response
study is currently being carried out in Bangkok, Thailand for
these two new types of products to determine the consumer
acceptance and market potential of these new generation
products from coconuts.
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Introduction
About two and half years ago, the United Nations Industrial
Development Organization, headquarted in Vienna, Austria,
announced a Request for Proposal under the title of "The Deve
lopment and Testing of a Coconut Cheese Production Technol
ogy." The goal of the project, as specified in the announcement,
was to develop a practical process that can be used to produce
"cheese-like" foods from coconut m ilk on an industrial scale.
However, th is p roje ct is not seeking to produce any of the
known varieties of cow’s milk-based cheeses from coconut milk as
the proteins involved differ radically. Instead, several completely
new cheese-like products with their own characteristics should be
produced from coconut m ilk using established or new techno
logies. The announcement further stipulated that, after technical
parameters for the processes and products have been optimized,
the most suitable equipment be specified for 2-3 selected produc
tion capacities and lim ited consumer response tests be carried
out in an Asian or South Pacific coconut growing country or
region.

Background
Coconut Utilization in General
Coconut production and processing are the predominant eco
nomic activities in rural communities in many tropical and sub
tropical regions of Asia and South Pacific. More than 150 d if
ferent coconut processing technologies, including drying of coco
nut meats into copra, coconut oil extraction, preparation of
regional food products and desiccated coconut for export, pro
cessing of coconut fiber (coir) and production of charcoal and
activated carbon, exist in various size operations as documented
e x te n s iv e ly in a se rie s o f U N ID O p u b lic a tio n s , U N ID O
/I0D.377/Add.l to 6.
T ra d itio n a lly , the largest economic sector of the coconut
processing industry has been the production of coconut oil from
copra (containing 50-55% oil) by mechanical pressing and solvent
extraction. However, broad fluctuations in the price of coconut
oil have made the life of coconut producers and business of co
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conut processors d ifficu lt and uncertain. Also, in recent years,
production and trading of coconut oil have been severely de
pressed by the rapidly increasing production of palm oil.
In addition to oil, raw coconut meats also contain about 3.03.5% good quality proteins which have been under utilized. The
cake and meal by-products from traditional copra processing have
been used p rim a rily fo r animal feeding. A lthough numerous
methods exist fo r preparing regional coconut-based foods, they
typically are limited to village or household scale. However, pro
gress has been made recently in the production of protein-based
food products directly from fresh coconut meats to capitalize on
the n u tritio n a l value of the protein and enhance local
economies. The entire coconut production and processing indus
try would benefit considerably if coconut protein food products
were produced on an industrial scale, since two value-added
products - - coconut protein foods and coconut oil — would be
obtained simultaneously.
As part of the trend towards coconut-based foods, industrial
production of coconut milk and coconut cream already plays in
creasingly important roles as documented in UNIDO publications
UNIDO/IO.528 and U NIDO/IO.R.48 for coconut cream. Based on
these findings, UNIDO is currently establishing coconut cream
production plants in Tanzania and some South Pacific islands.
Other coconut milk and cream production plants also have been
established in the Philippines and the Caribbean, and more are
being planned to meet market demands.
Coconut Cheese
Because of its physical resemblance to cow’s milk, coconut
milk could find a wide range of applications in dairy-type pro
ducts, including production of cheese-like products or "coconut
cheeses." Scarcity of cow’s milk is a major reason for the limited
availability and high prices of dairy products in most Asian coun
tries. A substantial increase in research and development of wet
coconut protein products can be expected in the years ahead. In
Asia, broader markets can be expected for dairy milk products
including cheese, and also fo r coconut milk and cheese-like
products that meet the taste and texture requirem ents of the
population.

167

Cheese analogs (im itation cheeses or cheese-like products)
are a potential economic solution to the high prices of dairy
cheeses, and have been studied widely in recent years. Basi
cally, the research and development activities can be divided into
two major groups — conventional fermentation type and nonripened type. In both cases, the more expensive dairy ingredients
are replaced with less expensive sources of protein and oil. In
making non- ripened cheeses, cheese analogs are compounded by
mixing all the ingredients together, and losses of total solids in
the whey and time-consuming ripening procedures are avoided.
The main characteristics sought in cheese analogs manufactured
by non- ripening methods are: 1) specific desired textures (rang
ing from wet and soft like cream cheese to dry and hard like
Parmesan cheese); 2) controlled melting characteristics (over a
range of specific cooking or baking temperatures and times); 3)
desirable flavors (from natural or artificial sources); and 4) de
sired color (from o il- or water-soluble coloring materials since
most natural yellow cheeses also are colored). Because of the
easier control of all production parameters, shorter processes and
reduced losses of solids, non-ripening methods are considered
superior to fermentation methods.
Coconut cheese, prepared by non-ripening method, can be
come one of the more im portant products from coconut milk.
Some research activities to develop cheese-like products have
been reported, but were sporadic and did not provide sufficient
critical information required to define a commercially feasible
process and technology. A concise and critical technical assess
ment should be made on the current status of the technology for
coconut and other selected oilseed proteins as many principles
are generic.
Earlier studies conducted on water-extracted coconut milk
demonstrated that it indeed could substitute for the costly butterfat in the production of highly acceptable and relatively inexpen
sive new dairy foods. A quick overview of the lite ra tu re has
shown that various types of coconut cheeses can be made from
coconut milk as the starting material. A custard-like product has
been prepared from coconut milk by using calcium sulfate as a
coagulant. A soft cheese has been successfully prepared from a
mixture of skim milk and coconut milk. A Cheddar cheese-type
product has been produced, but its quality was not acceptable.
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An acceptable white cheese has been made from a mixture of
coconut milk and skim milk powder.
This project has focussed on the biochemical and process en
gineering research and development aspects required for produc
tion of cheese-like products from coconut milk. The work has
included several stages of new product development, biochemical
and microbiological laboratory research and pilot plant-scale tests
of the new processes. Currently, lim ited market and consumer
response tests of the new products is in progress and recommen
dations w ill be made on process equipment ide n tifica tion and
economics of the new technology and products.

Experimental
Raw Materials
A ll fresh coconuts used in this development work were pur
chased loca lly on an as needed basis. Also, a com m ercially
prepared partially defatted shredded coconut was used to prepare
coconut protein concentrate.
Proximate Compositions
Protein contents (% total nitrogen x 6.25) were determined by
the semi-micro Kjeldahl method while moisture was determined
by the methods of the Association of O fficial Analytical Chem
ists (AOAC, 1984). Fat contents were determined according to
the method of Folch et al. (1957)
Preparation of Defatted Coconut M ilk (Extraction of Coconut
Protein)
Coconut milk is the term used for the liquid obtained by me
chanical expression of grated coconut meat with added water,
and is the first product in coconut processing. This process con
sists of the steps of cracking, grating, blending, squeezing and
defatting (Figure 1).
Extractabilities of coconut proteins were compared for two
coconut meat-to-water ratios, 1:1 and 1:2 (w/v). Also, effects of
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sodium chloride concentrations on protein e xtractability were
studied at levels of 0, 0.2, 0.4, 0.6, 0.8 and 1 M.
Effects of temperature on extraction of coconut protein were
studied by blending grated coconut meats w ith 0.5 M sodium
chloride (1:2, w/v) solution at temperatures of 25, 35, 45, 55 and
65°C. The percent protein extracted was then calculated as
follows:
(% Protein in M ilk x Weight of M i I k )/(% P rotein in Meat x
Weight of Meat Used).
The efficiency of three defatting methods was compared in an
attempt to increase the p rote in content of defatted coconut
m ilk: ch illin g , ce n trifu ga tio n and solvent extraction. In the
chilling method, the coconut milk was cooled at 5°C overnight.
The white solidified fat layer was then separated and the pro
tein content determined. In the centrifugation method, coconut
milk was centrifuged at 7,000 rpm and 60°C using a W estfalia
Separator (M odel SA7-06). The p ro te in content of the fat
layer was then determined. In the solvent extraction method,
desiccated coconut meat (copra) was defatted by soaking in
hexane at 59°C fo r 30 m inutes and then at 29°C fo r 20
minutes. A d d itio n a l solvent extraction was performed to re
move most of the fat. A fte r solvent extraction, the defatted
coconut meat was dried by blowing cold air through it.
Production of Coconut Protein Concentrate
The defatted coconut milk was concentrated by an ultrafiltra
tion process using 10,000 or 5,000 molecular weight cut-off
(MWCO) membranes (Romicon Types PM 10 and 5). After con
centration, the amount of salt and sugar in the coconut milk was
reduced by approximately 70% through a d ia filtra tio n process.
The concentrated coconut milk was then spray-dried to produce
a coconut protein concentrate with less than 5% moisture. The
schematic diagram for the process is shown in Figure 2.
Production of "Tofu-type" Products by Salt-coagulation
The traditional way of cheese making uses rennet to coagu
late casein in cow’s milk. However, preliminary experiments con
ducted in this laboratory concluded that enzymatic coagulation of
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coconut proteins using rennet is not feasible due to their totally
different structure and physiological properties. Therefore, new
procedures were developed to precipitate or coagulate coconut
proteins into semi-solid cheese-like texture.
First of all, a series of basic studies were carried out to bet
ter understand coconut proteins in terms of their precipitation
characteristics. For this study, a dry powdered coconut protein
was prepared by partially removing the oil from coconut milk us
ing chilling and centrifugation methods and freeze dried to mini
mize any interference from the oil and thermal denaturation of
proteins. Protein precipitation studies were carried out using 1%
coconut protein solution. The volume of the protein solution
was brought to 40 ml after the final pH adjustment or salt addi
tion. The suspension was centrifuged at 4,300 x g (Sorvall RC2B Refrigerated Centrifuge) for 20 minutes and filte red through
Whatman Filter Paper No. 1 to remove flocculent materials. The
supernatant was taken fo r protein analysis using the Bio-Rad
method (Bradford, 1976).
Two d iffe re nt calcium salts (calcium chloride and calcium
su fate) were testea for their effects on coconut protein precipi
ta tio n at various concentrations ranging from 0.1 to 1.0 M.
Based on the results of these precipitation tests, a kind of tofutype product was produced in the laboratory from coconut
milk (whole or partially defatted using the chilling method) by
adjusting the pH to 3.5 and adding 1.0 M calcium chloride in
the presence of 0.5 M sodium c h lo rid e . The experim ental
scheme for the process is shown in Figure 3.
Production of ’Tofu-type" Product by Heat-coagulation
Considering the possible high cost of calcium chloride and
operational difficulties of adjusting pH, tofu-type products were
also produced by the procedure outlined in Figure 4. Coconut
milk (whole, partially defatted or completely defatted) was stirred
continuously and heated to 98°C. A fter boiling the coconut milk
at 98°C for 10 min without stirring, the heated coconut milk was
removed from the heat and allowed to cool at room temperature.
After the curd was formed, the custard-like mass was drained by
squeezing through cheese cloth. The curd was pressed with
slight pressure and stored at 4°C.
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Effect of Fat Content of Coconut M ilk on Texture and M elting
Property of Tofu-type Products
Tofu-type product (heat coagulated) was produced by heating
coconut milk that is an emulsion between coconut protein and
coconut fat. When denatured protein molecules aggregate to
form an ordered protein network, the process is referred to as
coagulation. Although the protein plays the major role in the
coagulation, fat has important effects on texture and yields of
tofu-type product, because fat is trapped w ithin the protein
network formed by protein denaturation that can also alter the
emulsion capacity (Food Chemistry, 1985). Moreover, coconut
milk contains so much fat that it is necessary to control the fat
content pro- perly before heat treatment to enhance the textural
integrity and handling of the resulting products. Nine types of
reconstituted coconut milks were then prepared by mixing the
separated cream and the defatted coconut milk at cream:defatted
c o c o n .t m: , k r a t:os of ".8:8.2 ( ! .e., f j " - f a t coconut m:,k),
1.35:8.65, 0.9:9.1, 0.45:9.55, 0.144:9.856, 0.108:9.892, 0.072:9.928,
0.036:9.964 and 0:10 (i.e., defatted coconut milk), and they were
named as coconut m ilk types 1 through 9> respectively. The
proximate compositions of these reconstituted coconut milk types
are shown in Table 1. From these nine types of reconstituted
coconut milks, nine different tofu-type products were produced as
discussed previously. Each tofu-type product, made from the
coconut milk type 1 through 9, was named coconut curd type 1
through 9, respectively.

Preparation of Cheese-like
Protein Concentrate

Products

from Coconut

In formulating and producing coconut protein-based cheese
like products, the same formula and process steps used to make
commercial cheese analogs have been modified based on the
results obtained from the preliminary experiments (Figure 5) To
prepare a salt solution, disodium phosphate (0.9%), sodium cit
rate (0.8% ), c itric acid (0.6%) and potassium sorbate (0.1%)
were dissolved in coconut milk, and then preheated to 60°C in a
water bath. The coconut protein concentrate was then dispersed
in the coconut m ilk w ith slow s tirrin g w hile adding one half
(50%) of the salt solution to it. The mixing time was equipment
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dependent, but hydration was considered complete when the
homogeneous blend became elastic and tacky. The remaining
salt so lution was then added w hile m ixing. The m ixing was
continued until the oil and water were thoroughly emulsified in
the m ixture and a smooth, homogeneous, m olten processed
cheese-like product is formed. The cheese-like product formed
was poured into a cheese mold and allowed to cool, and then
refrigerated 24 hours before evaluation.

Electrophoresis
Sodium dodecylsulfate polyacrylamide gel electrophoresis was
conducted using the method of Laemmli (1970). Running gels
containing 12% acrylamide were prepared. Electrophoresis was
performed in a 7x8x0.75 cm mini PROTEAN™ II dual slab cell
(Bio- Rad, Richmond, CA) at a constant voltage of 200V. Each
gel was fixed and stained with Coomassie Blue R-250 for 3 hours
in 25% m e th a no l and 10% a c e tic acid s o lu tio n and then
destained in the same methanol-acetic acid solution overnight. A
h:gh r o 'e c - 's r we'ght standard rr!x t-re (B :o-Rad) c o rta :r !ng
myosin (200,000 daltons), B-galactosidase (116,250 daltons), phosphorylase b (97,400 daltons), bovine serum albumin (66,220 dal
tons) and albumin (45,000 daltons) was used as a molecular
weight marker.

Textural Property Analysis
Textural properties of experimental tofu-type products, com
mercial dairy cheeses and cheese-like products were objectively
determined using an Universal Instron Testing Machine Model
1011 (Bourne, 1978). A ll samples were cut into cubes (about 1.3
cm), and subjected to a double-compression test with a 50 kg
reversible load cell, after equilibrating in an air-tight container at
room temperature for 1 hour. The samples were compressed to
75% of their original height. The full-scale load of 5 or 10 kg
was used. The cross head speed was 20 mm/min with a chart
speed of 50 mm/min. From the force-time curve (TPA curve) of
Instron data, five textural parameters were obtained: hardness,
cohesiveness, adhesive force, springiness and fracturability.
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Melting

Property Analysis

Melting properties of tofu-type products, commercial cheeses
and cheese-like products were determ ined by the method of
Chang et. al. (1976). Cheese plugs (0.6 cm thick and 1.9 cm in
diam eter) were heated at 232°C fo r th re e m inutes and sub
sequently assessed for melt as percent increase in diameter.
Emulsion Stability of Coconut Protein Concentrate
Emulsion stability was measured according to the method of
Acton and Saffle (1970). A 0.2% protein solution was put into a
vessel with solvent extracted coconut oil at a ratio of 35:65 (v/v),
to a total volume of 100 ml. The samples in each vessel were
emulsified by homogenizing with a propeller-type mixer (M ixer
Model V-7, Mixing Equipment Co.) at 16,000 rpm for 1 minute.
Ten grams of the emulsion were immediately placed into a 15 X
150 mm test tube. A fter standing for 30 minutes at room tem
perature, 5 g of the emulsion were removed from the bottom and
the moisture content determined. The emulsion stability was cal
culated as follows:
100 - M t est

Emulsion stability =

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

x

100

100 - Moriginal

where M test
M original

= % moisture after 30 minutes and
= % moisture of the original emulsion.

Results and Discussion
Extraction of Coconut Protein
As shown in Table 2, the protein content of coconut meat is
only about 4.4% (as compared to about 33% o il). Recovering
this minor component into coconut m ilk is therefore the key
yield-determining factor. Therefore, effects of coconut meat to
water ratio, concentrations of salts and extraction temperature on
the extractability of coconut proteins were studied. As shown in
Table 3, using the 1:2 ratio increased the amount of protein in
the resulting milk from 2.0% to 2.2% for a 10% increase.
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Protein recovery was fu rth e r improved by adding sodium
chloride to solubilize the salt-soluble proteins in coconut meat.
As the sodium chloride concentration increased up to 1 M, the
amount of coconut proteins in coconut milk also increased (Fig
ure 6). However, the sodium chloride concentration of 0.5 M
was chosen fo r use in subsequent experiments because higher
concentrations of salt significantly increased the saltiness of the
milk with only a small increase in protein extraction. Combin
ing the effects of using higher meat-to-water ratio and 0.5 M
salt, the extraction of coconut protein increased by more than
20 %.

The amount of extracted coconut proteins increased sharply
by increasing the extraction temperature from 25 to 35°C, but
the value remained relatively unchanged at extraction tempera
tures higher than 35°C (Figure 7). Therefore, 35°C was chosen
as the extraction temperature to produce coconut milks for all
subsequent studies. Also, this temperature can easily be main
tained and denaturation of coconut proteins will be minimum at
this temperature.

Removal of Fat from Coconut M ilk
Protein contents of coconut oils recovered by different meth
ods of defatting were determined and the results are summarized
in Table 4. As expected, the solvent extraction method was the
most efficient defatting method with less than 0.1% protein loss
in the oil fraction as compared to 2.4% loss of protein for the
chilling method and 0.7% loss for the centrifugation method.
According to the electrophoretic pattern shown in Figure 6,
the molecular weights of the isolated coconut proteins range from
13,000 to 57,000 daltons as previously reported (C hakraotry,
1985). Also, the pattern demonstrated the effectiveness of the
centrifugal defatting method as exhibited by the extremely dark
coconut protein bands in the defatted milk (lanes 6, 7 and 8 in
Figure 8).
Production of Coconut Protein Concentrate
It has already been demonstrated that certain milk-derived
proteins such as non-fat dry m ilk and caseinate can be used in
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cheese-making. However, no information is available if concen
trated or isolated coconut proteins would perform similar func
tio n s in ch e ese-m aking as m ilk p ro te in s do. T h e re fo re ,
production of a coconut protein concentrate (CPC) has been at
tempted.
The data in Table 5 also revealed that approximately 22% of
the p ro te in in coconut m ilk was lost to perm eate when the
10,000 MWCO membrane was used. However, it is expected that
this loss w ill be reduced substantially by using a tighter mem
brane such as 5,000 MWCO (currently under investigation) to
retain more proteins in the retentate. In earlier trials, approxi
mately 40% of the protein in coconut milk was lost to permeate
and fat when the 10,000 MWCO membrane and chilling methods
were used. However, it was expected that those losses would be
reduced substantially by using a tighter membrane such as 5,000
MWCO and cream separator to retain more proteins in the re
tentate and coconut milk, respectively.
The fu ll- fa t m ilk was separated using a cream separator
(Westfalia centrifuges, Westfalia Separators Ltd. ) into coconut
fat and defatted m ilk. The fat content of defatted m ilk sepa
rated by cream separator was 0.4%, compared to 6.0% fo r the
ch illin g method. The defatted coconut milk was then concen
trated by an u ltra filtra tio n process using a 5,000 MWCO mem
brane (Rom icon Type PM 5) instead of 10,000 MWCO. The
concentrated coconut milk was spray-dried to produce a coconut
protein concentrate. Although the protein content of CPC de
creased by approximately 10% of the total protein, the protein
yield of CPC from initial coconut materials increased from 20%
to 41%, approximately twice as much (Table 6) .

Emulsion Stability of Coconut Protein Concentrate (CPC)
Emulsion stability of protein is one of the important proper
ties for process cheese making. The emulsion stability of protein
is dependent on pH, heating temperature and the presence of
emulsifiers. During process cheese making, often emulsification
of CPC and coconut oil did not work, or the emulsion formed
broke easily.
Therefore, a series of studies on the emulsion
stability of CPC were conducted.
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Effect of pH on Emulsion S tability of CPC
Emulsions were prepared from solutions of coconut protein
concentrate at various pH values. Figure 9 shows the effect of
pH on the stability of the coconut protein concentrate emulsions.
The emulsion stability was the lowest at its isoelectric point re
gion and increased at pH ’ s above and below th is region. The
emulsion s ta b ility of Na-caseinate at pH 6 was rem arkably
higher than that of CPC at neutral pH.
Effect of Emulsifying Salts
Effects of two emulsifying salts, sodium phosphate and diso
dium phosphate (anhydrous) which are used widely in cheese in
dustry, and control (no emulsifier) were compared (Figure 10).
Tests were conducted at pH 5.0 at 30°C on triplicates. Addition
of disodium phosphate showed the highest stability.
Effect of Heat Treatment
The emulsion properties of soy protein generally tend to de
crease if the protein solution was heated previously (Aoki and
Nagano, 1975). Figure 11 shows the effect of heat treatment on
the sta b ility of the CPC emulsions, "h e protein solution was
heated fo r 5 minutes at selected temperatures between 30 and
95°C. The emulsion sta b ility decreased as the treatment tem
perature increased, with the lowest value at 85°C. However, the
highest stability was observed at 50°C (mild heat).

Tofu-type Products Directly from Coconut M ilk
Effects of pH and added salt on protein precipitation are
shown in Figures 11 and 12. As evident from these figures, the
is o e le c tric point of coconut proteins is around pH 4, which
agrees well with the reported value of pH 3.9 (Peters, 1960).
As shown in Figure 13, a maximum of only about 20% of co
conut proteins were precipitated by either one of these salts.
However, in the presence of 0.5 M sodium chloride, addition of
1 M calcium chloride markedly increased the protein precipita
tion, more than 80% at pH 4 or below (Figure 14).
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Based on these results, two kinds of tofu-type products were
produced in the laboratory from coconut milk (whole or partially
defatted using the c h illin g method) by adding 1.0 M calcium
chloride in the presence of 0.5 M sodium chloride at pH of 3.5
and heating the coconut milk, respectively.

Comparison of Salt-coagulated and Heat-coagulated Tofu-type
Products
The yields and proximate contents of two kinds of Tofu-type
products (salt-coagulated and heat-coagulated) were compared in
Table 7.
A salt-coagulated tofu-type product could not be prepared
from whole coconut milk and the one prepared from defatted co
conut milk had very low yield, salty flavor and very weak texture.
Therefore, heat-coagulation method was chosen to produce the
tofu- type product. Heat-coagulated tofu-type product prepared
from whole coconut milk were much oilier, had higher yield and
retained more flavor (sweetness and coconut-like aroma) than the
product from the defatted coconut milks.

Effect of Fat Content of Coconut M ilk on Texture and Melting
Property of Tofu-type Products
The proximate compositions of tofu-type products, made from
the coconut milk types 1 through 9 as mentioned previously, are
summarized in Table 8. As shown in Types 2 and 5, although
the fat contents of the reconstituted coconut m ilks were
decreased from 9.47% (m ilk type 1) to 0.99% (m ilk type 5),
there was no significant difference in fat contents between curd
types 1 and 5. However, there was a significant difference in fat
contents between curd types 5 and 9, although the difference in
fat contents between coconut milk types 5 and 9 was not signifi
cant. These unusual phenomena were caused by the fact that
the full-fat coconut milk has too much fat to produce a tofu-type
product.
The effect of fat content of the reconstituted coconut milk
on the yield of each tofu-type product is shown in Figure 15.
The yields were calculated as follows:
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Y ield (%) = [weight of curd (g)/weight of coconut meat used
(9)] x 100

As shown in Figure 15, the yield of to fu-type product in
creased proportionally to the increase in fat content of coconut
milk. The yield of type 1 was 49.7%, which means 2 kg coconut
meat were needed to produce 1 kg type 1 product, while for 1
kg type 9 product, 24 kg coconut meat were needed (yield =
4.26%).
Evaluation of textural properties
Five tofu-type products (curd types 1, 2, 3, 4 and 9) from
coconut milk types (cream:defatted milk= 1.8:8.2), 2 (1.35:8.65),
3 (0.9:9.1), 4 (0.45:9.55) and 9 (0:10) were used fo r texture
evaluation. As shown in Figures 16 through 20, tofu-type prod
uct type 9 (product made from defatted coconut milk) had the
highest values of almost all textural attributes, except for adhe
siveness, among all tofu-type products. The other tofu-type prod
ucts have sim ilar properties to each other, because they have
sim ilar compositions. It was d iffic u lt to evaluate the textural
properties of curd types 1 through 4, because they melted during
compression on an Instron texture measuring machine. These
products looked just like butter rather than tofu due to very high
fat contents in relation to protein contents. Curd type 9 was as
hard as sharp Cheddar cheese in texture, but it was closer to
hard tofu rather than cheese, due to its lack of adhesiveness.
As fat content of coconut milk decreased, the cohesiveness in
creased.
Based on the results of these studies, it was concluded that
the tofu-type product made from defatted coconut milk was the
most acceptable among all tofu-type products.
Evaluation of Melting Properties
W hile most types of commercial cheeses, except for cream
cheese, melted in round shapes, most tofu-type products, except
fo r curd types 8 and 9, had transparent coconut oil separated
out, but did not shrink or melt during the tests. In fact, oil was
separated from curd types 1 through 7 products even at body
temperature, but curd types 8 and 9, like cream cheese and tofu,
retained the same size without melting. These results indicated
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that the coconut protein network, denatured by heat treatment,
may not be able to hold oil more than twice its weight. Adding
an emulsifier (disodium phosphate) did not improve the emulsion
capacity of the heat-denatured coconut protein either.
Overall, curd types 8 and 9 curds had the highest accept
ability and handling properties, although the product yields were
relatively low. Especially, curd type 8 product was highly recommendable fo r a commercial to fu -typ e product because of its
higher yield and four times more fat content than curd type 9.
Moreover, curd type 8 had better texture and did not separate
oil when held in hands. To produce curd type 8, it is necessary
to control the protein:fat ratio of the coconut milk to 52.78:47.22
by defatting and reconstituting with enough added water.

Formulations for Cheese-like Products
In order to develop suitable form ulations fo r cheese-like
products, various combinations of ingredients were investigated
based on textural and melting properties.
Five formulations were prepared by mixing coconut milk and
coconut protein concentrate, or partially replacing the total pro
tein in CPC protein w ith 10, 20 or 30% Na-caseinate fo r com
parison. Table 9 shows the amount of each ingredient used for
a specific formulation and Table 10 shows the composition of the
formulation.

Evaluation of Textural Properties
Five processed cheese-like products (formulations 1 through
5) produced from coconut milk, CPC and/or Na-caseinate were
used as representative samples for textural evaluation, and com
pared with four commercial cheeses. Texture was measured
using an Instron Universal Testing Machine, following the pro
cedure of Ahmed and A li (1986).
Textural properties of five coconut cheese-like products and
four commercial dairy cheeses (processed, mozzarella, sharp
Cheddar and cream) are shown in Figures 16 through 20.
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Figure 16 shows that protein ingredients have a significant ef
fect on cheese product characteristics. Formulation 5 (coconut
protein:Na-caseinate= 70:30) had the strongest rubbery texture
(higher compression force) which is comparable to that of com
mercial processed cheese. Cheese-like products became softer
and less rubbery as the amount of Na-caseinate decreased to
100% coconut p rotein. Form ulation 2 (higher m oisture and
lower protein content) had the highest adhesiveness force while
the rest of them had low adhesiveness force, which is one of the
desirable cheese characteristics (Figure 17). A ll products
displayed unique characteristics with no fracturability (Figure 18).
Cheese-like products exhibited higher cohesiveness values (which
are close to commercial cheeses) as the amount of Na-caseinate
decreased to 100% coconut protein (Figure 19).
In summary, because of its higher firmness, higher cohesive
ness, and lower adhesiveness, the 70% coconut protein product
maintained better structural inte g rity and are less sticky than
commercial cream cheese. Formulations 1 and 2 (100% coconut
protein products) possessed the desirable cream cheese charac
teristics, i.e., smooth and spreadable properties.
Five coconut cheese-like products produced from concen
trated coconut milk and CPC and/or non-fat dry milk had similar
textural properties to the products described above.

Evaluation of Melting Properties
Melting properties of five cheese-like products (Formulations
1 through 5) were measured as described above. While all com
mercial cheeses melted in round shapes, coconut cheese-like
products did not melt well.
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Table 1. Com positions of several reconstituted coconut m ilk
types
Milk Type

Moisture (%)

1
2
3
4
5
6
7
8
9

87.63
90.41
92.29
94.16
95.43
95.58
95.83
95.88
96.03

Table 2.

1.04
1.06
0.96
0.85
0.79
0.78
0.77
0.76
0.75

Yield (g)
Protein (%)
Fat (%)
Moisture (%)
Table 3.

Fat (%)
9.47
4.52
3.21
1.88
0.99
0.89
0.89
0.68
0.57

Yields and compositions of coconut meat, coconut
water and coconut fiber
Coconut meat

Coconut water

45.5
4.4
32.9
48.3

16.6
0.2
0.2
95.1

Coconut fiber
11.0
0.1
19.5
33.4

Effects of coconut meat:water ratios and salt on
extractability

Composition

Coconut meat:
water(1:1,w/v)

Protein (%)
Fat (%)
Moisture (%)
Table

Protein (%)

Coconut meat:
water(1:2,w/v)

2.0
12.0
83.1

Coconut meat:0.5M
Salt soln.(1.2,w/v)

1.1
8.5
88.6

1.2
9.3
87.6

4. Removal of fat from coconut meat and
various defatting methods

Defatting methods
Chilling
Centrifugation
Solvent extraction

Amount of fat removed
%
90.0
71.7
91.0
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milk by

Protein content of fat
%
2.4
0.7
<

0.1

Table 5.

Composition of defatted coconut milk, UF retentate,
UF permeate and coconut protein concentrate pre
pared by ultrafiltration method

Compo
sition

Defatted
UF permeate
coconut milk

(Wet bases)
Protein (%)
Fat (%)
Moisture (%)

0.8
0.6
96.0

0.2
0.5
96.7

UF retentate

Coconut pro
tein cone.

5.2
1.3
91.2

64.2
14.0
2.0

Table 6. Compositions and yield of coconut protein concentrate
prepared by different defatting and ultrafiltration
methods
Composition and Yield

Protein (%)
Fat (%)
Moisture (%)
Protein Yield (%)
aUltrafiltration;

Chilling & UFa
Cream Separator & UF
(10,000 MWCOb )
(5,000 MWCO)
52.1
13.7
5.0
41.0

57.8
14.0
2.0
20.0

bMolecular weight cut-off.

Table 7. Yields and proximate contents of two kinds of tofu-type
products
Salt-coagulated
Heat-coagulated
Heat-coagulated
product (defatted) product (defatted) product (full-fat)
Yield(%)
Protein (%)
Fat (%)
Moisture (%)

0.6
8.0
2.1
46.4

4.3
16.4
5.0
72.0

a Yield : weight of product/weight of coconut meat used X 100.
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49.7
5.0
49.5
39.9

Table 8. Compositions of tofu-type products made from several types
of reconstituted coconut milks
Curd type

Protein (%)

Moisture (%)

1
2
3
4
5
6
7
8
9

39.86
29.75
31.68
35.73
44.81
56.99
56.93
61.24
72.02

Fat (%)

3.61
5.00
5.76
5.09
5.30
7.70
10.45
10.70
16.38

49.50
55.43
53.91
48.00
43.47
30.87
30.17
21.81
5.00

Table 9. Amounts of major ingredients in five formulations for coconut
cheese-like products
Formulations:
Ingredients
Coconut milk3
CPC
Na-caseinate

1

38.0
61.0
— .-

2

3

40.0
58.0

4

43.0
52.0

5

42.0
48.0

43.0
45.0

2.8(10%)b 5.7(20%)

8.8(30%)a

a Coconut milk extracted with ratio of coconut meat:water= 1:1,
Protein 2.2%, Fat 13%,

Moisture 84%.

b Numbers in parenthesis indicates the percentage of Na-caseinate in
total protein content.

Table 10. Compositions of five formulations for coconut cheese-like
products and two commercial cheese products
Formulations:
Compositions (%)

Protein
Fat
Moisture

1

2

3

4

5

28.0
22.0
32.0

27.0
22.0
35.0

27.0
20.7
37.2

28.0
20.0
36.4

30.0
19.0
37.0
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com
Com
mer
mer
cial A cial B
21.2
21.0

7.0
35.3
— .—

COCONUT
Crack and grata----------- - COCONUT SHELL & WATER

COCONUT MEAT
Grind with 0.5M NaC! solution at the solution temperature o f
35-45'C for 4 min. (twice amount(wt) o f coconut meat)
Squeeze through cheese cloth----------- ► COCONUT FIBER

COCONUT MILK
Heat up to 50’ C
Defat with cream separator----------- *■ COCONUT FAT

DEFATTED COCONUT MILK
Figure 1. Schematic diagram fo r producing defatted coconut m ilk.

DEFATTED COCONUT MILK
Pre fi/trat ion
Heating up to 50’ C
Ultra filtration----------- - PERMEATE
(5,000 MWCO)
(Water, Sugar, Salt, etc.)

RETENTATE
Spray-drying

COCONUT PROTEIN CONCENTRATE
Figure 2. Schem atic diagram fo r producing coconut protein concentrate from
coconut m ilk defatted by cream separator.
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C O C O N U T MILK / DEFATTED C O C O N U T MILK
A dd salt
A djust p H 3.5

Curd Formation
Drain whey
P ress

TOFU-TYPE PRODUCT (Salt-coagulated)
Figure 3. Schem atic diagram fo r producing salt-coagulated tofu-type
products from w hole o r defatted c o co n u t milk.

COCONUT MILK or DEFATTED COCONUT MILK
S tir slo w ly a n d he atin g up to 9 8 'C
Rem ain the tem perature fo r 10 min. w ithout stirrin g
C ool with co ld w a te r

Curd formation
D rain w hey through cheese cloth
Squeeze the cu rd through cheese cloth
P ress the curd cove red with cheese cloth in a m o ld
a n d refrig eratin g a t 5*C overnight

TOFU-TYPE CURD
F ig u re 4. S c h e m a tic diagram fo r producing heat-coagulated tofu-type product
fro m w h o le or defatted co co n u t milk.
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COCONUT PROTEIN CONCENTRATE(50%)
A d d a salt solution o f disodium phosphate,
citric acid, sodium citrate, an d potassium
sorbate dissolved in coconut m ilk(50% )
M ix fo r 2 min.
A d d a salt solution (30% ) an d CPC (50%)
Mix
A d d salt solution (20%)
M ix

EMULSION FORMATION
M old

CHEESE-LIKE PRODUCT
Figure 5. The production o f cheese-iike products using co co n ut protein
concentrate and coconut milk.

Figure 6. Yield profiles of co co n ut proteins at various NaCI concentrations.
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Figure 7. Effect of temperatures of extraction water on protein yield.
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70

Emulsion Stability (%)

12

Na-pyrophosphate

Disodium phosphate

Control

1 0 . E ffe c t o f e m u ls ifie r s o n e m u ls io n s ta b ility o f c o c o n u t p ro te in
c o n c e n tr a te .

Emulsion Stability<%)

5'

Emulsifier

Figure 11. Effect of heating temperature on emulsion stability (ES) of
coconut protein concentrate.
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gure 12. Precipitability profiles of coconut proteins at various pH's.

Protein preciprtation(%)

ti

Protein precipitation(%)

100

Concentration(M)
Figure 13. Effects of salt concentrations on precipitability profiles of
coconut protein.
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100

-€►-1 M Calcium chloride

1M Calcium sulfate

Figure 14. Effects of calcium salts on the precipitability of coconut proteins
at various pH's In the presence of 0.5M-NaCI.

Figure 15. Effects of fat content of coconut milk on the yield of tofu-type
product.
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Hardness (kg/mm)
3
Adhesiveness (kg/mm)

gure 16. Comparison of hardnesses by TPA among tofu-type products,
commercial cheeses and cheese like products.

Figure 17. Comparison of adhesiveness by TPA among tofu-type products,
commercial cheeses and cheese-like products.
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Fracturability (kg/mm)
-n
Cohestveness (%)

gure 18. Comparison of fracturability by TPA among tofu-type products,
commercial cheeses and cheese-like products.

Figure 19. Comparison of cohesiveness by TPA among tofu-type products,
commercial cheeses and cheese-like products.

195

Springiness (mm)

Formulation 4

Figure 20. Comparison of springiness by TPA among tofu-type products,
commercial cheeses and cheese like products.

196

