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Abstrack Fresh mature coconut kernels contain about 4 percent protein. "*he protein 
efficiency ratio, biological value, net protein utilization and digestability values suggest a 
high nutritional quality for coconut protein. The water extract of coconut rcferred to as 
coconut milk iz used in the preparation of daily meals in 3r i  Lanka. Iacorpoiation of 
coconut milk into soya milk in the preparation o l  gels I!ke tofu enhance the calo~;lic 
value of the final product and improves the nutritive value, acceptability and palatability. 
However, the conditions of extraction of coconut milk to obtain appropriate 
concentration of protein and functional properties suitable for gcl formation needs 
investigation. In this study, the extractability of protein into the cocoilut milk was tested 
by determining the tonal protein by Kjeldhal procedure; changes of coconut proleirk on 
healing was determined by SDS polyacrylamide gel electrophoresis and u!tracentnfugal 
technique and the textural properties of the gel were determined using a Tcnsipresscr. 
The extractability of coconut protein was seen to be higher (15.5 m&/lOO ml) with a 
solution of 0.2 ha sodium chloride at an extraction ratio of 1:l at rooni temperature, lhan 
with water (9.5 mg/100 mi) under the same conditions. The gel forn~ing ability of 
coconut proteins was seen to be highest around the isoelectric point at a zcmperature 06 
80 '~ .  An increase in turbidity of protein solutions was also observed under the above 
conditions. A change in the protein components 15,s and 7 S was observed at  8 0 ' ~ ,  at  
which the gel fornation properties were seen to be the best. 

Coconut is the fruit of the palm Cocos nuciferca Linn.. It is an eco~~smically i.rnportar?t 
member of the ~ d m a k  and is grown over a wide geographical area. The fresh white 
meat which is the endosperm or the kernel containing 35 - 40 perccnt oil and 4 percent 
protein is used as it is, or is extracted to obtain coconut milk in the prcparakion of 
daily meals in Sri Lanka. It f o r m  one of the main sources of protein in the Sri Lankar. 
diet. 

Studies have indicated that the protein efficiency ratio of coconut protein is 
comparable to that of casein.' The protein efficiency ratio, biological v a l u ~ ,  net 
protein utilization and digestability values suggest good nutritional quality of coconut 
pro teh2  Incorporation of coconut milk with soy milk in the preparation of gels, like 



'3. to& would enhance the calorific vdne sf the final product, improves the nutritive 
vdue and increases the acceptabiity a d  pJatabdity. 

The gel forn?mg ability rgrof coconut milk depends on the colnceizltratiola and the 
functional properties of coconut proteh. Therefare, v&.ta;ble conditions of extraction 
and the ei'fect ~f temperature on gas chaages of gsoteh is a pre-requisite in the 
develcpmelat oS such products. 

Prewiiow attempts on the extraction of coconut proteh has been wade uskg 
defaeted med."hese results indicate that the functicsnal properties and sdubility 
a:raaradeaksics of coconut protein isoiates change with the method ot extraction. 'Fhe 
srudes dso indicate that coconut prot~in displays a pH dependant nitrogen solerbility 
profile in salt solutions shoving minimal solubility at acidic pH values (pH J), with a 
sharp rise in solubility with a maximum at neutrality. The ski of minimum solubility 
has been found at pH 3.93P in citrate phosphate buffe$j6 The nitrogen solubility 
increases with increasing acidity and alkalinity. The possibility of the presence of two 
main protein fractions soluble at pH 8.0 - 8.5 and at 10.5 - 11.0 is also su~est ive  from 
the srtadies of Samson U a u n r  .2 

Coconut meal protein, according to Osbourne classification, has shorn that 90 
percent of the protein would be albumins and globuhs of which 61.9 percent g!o$uBian 
is reported to he extracted in %M NaCI at pH 7.0. The studies on nibsogee sohbiliiy 
index of heated coconut meal suggest that fresh coconut meals can tolerate up to 
1 0 0 ~ ~  air temperature and coconut Iayer temperature of 78' - 8 3 ' ~  without significant 
Boss of protein solubility. The protein solubility of coconut meal upon heating with E l o k  
air at 1 2 0 ~ ~  is shown to decrease sigulificantly. 

A chromatographic separation of coconut protein by Sephadex G-200, has 
shown the presence of two major ro te in  components having approximate rnolecuiar 
weights of 1.5 x 16 and 2.4 x 10 The heat coagulation of tlae large 
molecaAar weight component has been observed to be maximum at neutsid pH, low 
salt concentration and high temperature. 

The low moleci~lar weight proteins were found to be quite soluble and heat 
stable. Ovcrlapphg protein peaks correspoding to molecular weight 1 5 W  and 2'3080 
daleoas bas beea reported horn acid extracts of copra meal on Sephadex (3-200 
s'momatogsaphy. 8 

Various condieions such as the use of completely ripe nuts,' the effect of amount 
and temperature of water10>111'2'13*14,15 affecting t5e extraction of coconut milk from 
fresh coconut has been reported by many authors. However, the conditioas of 
extraction of coconut milk with an appropriate concentration of protein and functional 
properties suitable for gel formation still remias to be investigat~d. 1, this study, the 
extractability and changes of coconut milk protel~. ofi heating and their subsequent 
behaviour in the formation and properties of gels were examined. 



2. Materials and Methods 

The r8w9 mature mmnuts wed in this study were imported to 3 apan from Phillipines. 

The coconuts were plucked in PhiEpFPses a d  air freighted to Japan. The 
experiments commennad after 7 days of plucking at which stage they were geen in 
wiom and contained wales in the inner cavity. 

Whsfe Extract: The nuts were cxacked m d  the water discarded. The coconut kernei 
was removed from the shell, pared and homsgelaised with water, or with a solution of 
s o & m  chloride in the required proportion of 1:0.5, 1:1 and 7 :E. The bon.xogebziisationn 
was carried out for one minute at Bow speed and mother minuke at high speed using a 
Warkg blender. The resuiting slurry was filtered thsngk a cloth to obtain mi&. 

Saaperbmatani I: The whole &axact .ova§ centrifugedBt 10,W rpm for 10 minutes, 
to remove the cream layer. The resulting supernatant is referred to as supernatant 1. 

Saaper~natant 2: The supernatant 31, was heated md centrifuged at 10,000 rpm for 
10 minutes to obtain supernatant 2. 

Precipitate : 'The precipitate obt&et; on een~rifugtng supernatant 1, after 
beatkg is referred to a the precipitate, 

Heathg: AD samples were heated in 10 m9 diquots, for 10 minutes immersed in 
a water bath equilibrated at the specific tempeaatu:res of ~O'C, 70°f2, 80"C, W"C and 
I L ~ ~ C .  The smp2es were cooled ir? ice. 

Preparation of gels: The gels were prepared in test tubes using 13 ma aliqtlots of 
whole extract, in the ratio I:1 parts weight by volume of kernel with wafer or with salt. 
Freshly prepared glucono deka lactone (G.D.L) was used as the coagujaking agent at 

concentrations of 8.1 to 1.68 percent. Precautions were taker1 to prevent 
Iry&oiiysk of G.D.L. before heating. With added G.D.L., all the samples were shaken 
a d  left immersed in a water bath maintained at 80°C for one huue, ;had cooled 
immediately in ice. 

23.6 Po&ac~yl~mide Gel Elercttpophoresis 

The, method sf Mitagaxwa et a1,16 was xnodsed as EoXlsws. A gel containing 10 per cead: 
aqlarnide was prepxed from a stock solution of per cent by weight of acrylanide 
and 0.8 per cent by weight of N-N bk rnethylene acv1amrzide. The rid concentration 
in the separation gel was as ~ U O W S ;  0.070 M phosphate buffer (pH 7.0) aand 8.12 



per cent SDS. The gels were polperked chemidy  by the addition d 45 pi s f  
tetramethgrb e t h y l e n e d i b e  (TEMED) and' m o a i w i  peroxy&sullghate. One rn 
thick. slab gels of total length 12 cm. were prepared. The samples for electr6phoresis 
was prepared with a Fmal concentration of 9 4  urea, 2 per cent SDS and 2 per cent 
2-mercaptoefhanol and the samples were left overnight at room temperature. .A 
sample volume of 20pl was used for electrophoresis. The electrophoresis was carried 
out at constant voltage with a current of 100 EL&. 

The samples were prepared by adding phosphate buffer m d  mercaptsethanol to make 
the pH, ionic strength and concentration ol mercaptsethanol in the find solution as 
7.6, 0.05 and 0.81 respectively. The analysis was carried out at 55,000 rpm at %'c, 
using the Hitachi UCA-M ultra-centrifuge. A 12 cm single sector cell and a single 
sector plus 1 wedge cell were used. The pictures were taken at an exposure interval of 
9 seconds. The changing pattern of the composition of protein ssolultior~ was 
determined calculatitig the sedimentation value (SBW).'~ 

23.3 Deleminal'ion of Total Protein 

The total protein in the samples was determined by Kjeldhai procedure using 
M.C.1.-TN-01-C analyser (Mitsubishi Chemical lnd). 

2.3.4 A;?sa'ysds of Gels for Detemining Textural Propeitie~ 

The gels were analysed for the pH and gel hardness. The elasticity was measured 
using the Tensipresser (Model TP sol), at a bite speed of a, mulklplicatisn 5, range 
0.5 and chart speed of 1.5043 mdmrwin. The water holding capacity was measured as the 
percentage gel remained after discarding the whey on centrifugation at 1,500 rprn for 
15 ,n. 

3. Results and Discussions 

3.1. The EfRect of Ratio of Extraction sf Cwonut Milk on Protein Extractability 

The told protein extracted ( m g d  x volume) was found to be significantly higher in 
0.1 M sodium chloride at the ratio of 1:1 with no significant difference between 1:1 and 
P:2 in the water extract (Figure I). 
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TEMP a C 

P&re 1: EEect of mtlo of kernel b waktIO.1M soditam chloride i;: extr~ction OF FOCUY~UB nailjk 0x1 
gmkh concelafmtion ( w f:05 d20,0---01:1 H 2 0 , D - - 0  1:2 AZO, A-----&. l:L 0.1W 
NaCL RT = 2 0 ' ~ .  

3 Eflect of Sodium Chloride om the Extmctabi%i$ and SoltabiliQ sf Proteiw at 
DBflerent Temperatures 

The supernatant 2, obtained with water, 0.1M NaCE, 0.2M NaCl and with 0.4 M NaCi 
in the ratio of 1:I at room temperature, was used for analysis. A signilkant increase in 
soluble protein extracted was seen with 0.2 M NaCI and 0.4 M NaCI. The turbidity of 
the supernatant of water extrzct md sdt  extract increased with increase in 
temperature sap to about NOC, the turbidity being high in the salt extract. An increase 
in turbidity was observed simultaneomly with decrease in protein solubiity (Figure 2). 
Complete denaturation of the proteins in the water extract was observed at 8Q°C, 
where as in the d t  extract: denaturation was incomplete even at The coagulum 
began to appear on heating at 8 0 ' ~  and increased with rapid decrease in protein 
soiubi%lity in the salt extract and to a lesser extent in the water extract with increase in 
temperature, 



3 3  @Rest of  Meat @a Changes of ProkEen as Determined by SDS-PAGE 
EBlectrop$oresis 

The supernatant 2 and the precipitate sf water extract agld 0.1 M Nag31 extract (1:l.) 
were lesed for e%ectrop'noresis. On comparing the electrophoretic patterns of the 
unheated proiek! of the warer ewcract (Aj m d  salt extract (B) of supernatmt 2, three 
main bands were seen b both earads at room te~nperataare (Figwe 3). The 
concentration of high moiecular weight mmpnent: was higher in tbe salt extract. The 
cha~lges of pt-oteh in the snpereakmt 2 of water extract on heathg owwrred in thee 
stages. A siggamt change, from the native state was obsea~ed aromd ~ Q O G  $iwe 
3). The &g!i maaolccuilw weight component .&appear at WOC, with h e  appearance of 
two new mmpouencs sf low maieculgh wei&B and a snsPPdtmdmesw increase h the %$$-I 
molccm2ar weight mmpoaaenb: h the precipitate, At 1 0 3 " ~ ~  the newly formed high 



Chaflges of Cocofzut Protein on Heating 12.2' 

molecular w-s*rgh"rmpnpsnent disappeared in the supernatant 2, with a signiecant 
imamease of the same in the preci~itate. 

Changes of protein in slaperrnatant 2 of s d t  extract (0.1 M NaGl) on beating. was 
not significant until 90'~. At W'C a decrease in the high rnosecular weight 
component with shmltmeous appearance of a lot yl molecular weight component in the 
supernatant 2, and of &gh molecuYai- weight component the precipitate occurred. 
The complete disappearance of the high molecular weight component was seen at 
l0Oae (Figure 3 B, supernatant 2)!). 

However, on comparing the changes of protein in the water edract with that s f  
the salt extract the high molecular weight mmponent in the water extract disappeared 
at W'C, where as it remained at !X0e in the sait extract, but disappeared at 4 0 0 ' ~ .  

The cream layer obtaJned from coconut mi& 'by separating the supernatant 1, 
showed a slight increase inn the high molecular weight component on SDS-PACE 
electrophoresis at temperatures beyond 8 0 ' ~  (Figure 3). On comparing the cream 
layer proteins in the water extract with that of the salt extract using the SDS-PAGE 
electrophoretic pattern, the concentration of protein iq the cream layer in salt extract 
appeared to be lower than that of the water extract (Figure 3). This is in contrast to 
the superaaatmt. 

3.4 Eflect sbTemperatrare on the Changes of Protein in the Water Extract and Salt 
Extract as Detcermilaed by the Ultracqntrifugal h a l y s i s  

The dtaacentrifugaii malpical patkerns of the water extract (A) and 0.1 M NaCl 
extract (B) at room temperature md after heating to $ 0 ' ~  and 40°C arc shown in 
Figure 4. The protein components of 1.5 S and 7 S were seen in the ultracentrifugal 
patterns of both extracts at room temperature and at 80 '~ .  However a higher 
conce~tratioan of '?§ proteins was evidenced with a larger peak in the 0.1 M NaGl 
extract, at room temperature. Both 1.5 S and 7' S proteins were stable at 80°G. A 
chmge in the pattern was observed on heating at 10°C. With the complete 
disappearance of the 7 S component, iil the water extract and its slight presence in the 
0 . M  NaCl extract. Bn contrast, the 1.5 S proteins were stable even at 1OO0G. 

35 Gel Formation Cbaracteristies af cwolost Milk 

All the gels prepared using the whole extract of water separated in to a cream phase 
and 4 0  an aqueous phase. Around pH 4.5, the turbidity of the aqueous phase 
increased. On cooling the gels, the hardness of *he crearn layer increased due to 
solidificatiori of [at. In order to prevent the discre~z-mciss resulting from creaming, the 
gel formation ability of the water extract was measured by the water holding capacity. 
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Figure 3: SDS - PAGE Electrophoretic paterns of supernatant 2, precipitate and 
cream layer, of water extract (A) and O.BM NaC% extract (B). 
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3a5..9 Eflect oj ?%mperaruw of- Coaguiariora a~adpH on Water Holding Ciapacity 

Figure 5 shows the water h o i h g  capacrv of gels ~ ~ e p a r c d  with wbok extract of 
water, as a function of gel pH at different f_empwatures. The water iaol&mg capacity 
of the gels was bighest ~ o u n d  the isoelectric point of coconut protein (around pH 
4.0). A s ign i f imt  increase in the water holdimg capacity occurred at temperatures 
womd m0c to 1w0c. 

3.5.2 Efiece of Ternperdure of Coaplation mdpH, on Gel Foming Charactektks of 
Salt J!&O"flct 

Geh were prepared using the whole extract of 0.1 M NaCl at 8 0 O ~ .  In contrast to the 
gets prepared using the whole extracr of water, the gels were homsg~nous without 
evident creaming. The hardness apld elasticity was found to be highest around pH 3.8 
(Figure 61, with a steep decrease observed beyond. The water holding capacity of the 
gels were maximum arouud pH 4.0 to 4.2 (Figure 5). 

.fie earacaabativ of cocsznut protein was higher in salt solution, when compared 
with wster (Hig~we I, 2). This may be expected, as major stora.ge protein in coconcLs is 
ghbdicn which is soluble in salt solutions. The opthum protein extractabiki'ry was 
seen with a concentration of sodium chloride around 0.2 M at room tcmpera!urc, with 
no si@icant aifkrence bekg observed at 0.4 M. A decrease in pnotein salvbiiihy 
occaned rapidly at higher temperatures. 

The thcrmocoagullatiozn of proteins is caused by intermolecular intcractions. 
Heating ma3ases denaturation of protein, followed by protein-protein interactions. The 
phcnomenoa sf coagulation may be described as observed visually as fo'o14ows:- 

heat heat 
Original protein solution Turbid Solution Coagulation 

The o-i~qalpprstein soPution (native protein) which changed to L tcrbid soalstion 
(denatured protek) was converted into a csagulhnrn on further heating. Since the 
coapLalmm ox the insoluble agregale was formed with increase in turbidity during 
heating it: seem likely that coconut protein contah many hydrophobic amkc acids. 
Tbe hydxophobic groups exposed during heating Iasgely :ontribute to net work 
formation far hydxop'aobic bteractiow and is favoured by rise irr temperatwe.18 This 
p%menomemon occurred to a greater extent in the sdt  extract as compared to the water 
extract. This may be due to sodium chloride, having a greate~ affinity for water, 
depleting interactions between the amino acids, and mmbg a change in the native 
state of the protein molecu%es thus exposing the hydrophobic residues. Amino acid 
residues containing S-S bonds a d  SH groups being mostly uydrophobic, this situation 
is appropriately met as the temperature b increased. 

The maplum started forming above 7 0 " ~  kx the water extract and 8 0 O ~  in the 
salt extract (Figwe 3) due to iolaic strengt,, 'which delayed the ?rotein denaturatioa." 
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P i g m  5: Water hoi* apacdly ras n function or pH of geb prepared using whole. extrn~t of water 

and O.fM NsCl at differen( coagulating Cemperatures. WhaBe,exlracd of water. 
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Plpnc 6 : Hardness and elasticity as a function of pH of gels prepared using the whole exirast of 0.1M 

NaCH 80'~. A--- --A PEfirdmrsis O---a Elasticity 



The amount of proteb that ;remained in the cream layer of the .salt extract 
(Figure 3) was less than that of the water extract, hdicatkg that thrc salt soluble 
proteins in the G T ~ ~  layer was extracted 'mto the sapemantarat. The stabiity of the 
high molecula w ~ i g h t  component in the salt extract at %OC, may be attributed to the 
%gb ionic strength of solvent. T&s change &I composition of caconiit protein of 
supernatant 2, on heating to POOOC, with the disappearance of high Eimolecular weight 
component as evidenced in SDS-PAGE electrophoretic patterns was substantiated by 
ultracentrfigal, apaalyticd pattern (Figure La), which showed diappearawcc d 7 S 
protein in the sample heated lo 10r3~G 21 the water extract and its almost totd 
disappearance in the salt extracl. The ultracentriffagd patterns of water and salt 
extracts at room temperature, revealed the presence of two major protein components 
of sedimentatioas rates ? .5 S and 7 S. This is in agreement with the pretrious s t ~ d i e s . ~  

Moreover, the gel forormariorn ability was &o seen highest around pH 4.0 - 4.5, 
which is the isoelectric point of coconut proteins at wkch the interactions between 
proheins are high (Figures 5, 4) .  The fact that the water holding capacity of the 
whole-extract of water was high at 10°C, at pH values beyond the isoelectric point 
(Figure 4) may be explained as due to the fat-protein interactions. 

The gel prepared using whole extract of 0.1 M NaCI, had a higher water holding 
capacity than the water extract (Figlare 5). This revealed that tht: inte~actions between 
proteins were enhanced in the presence of sodium chloride, resulting in a better gel 
net work fo~ormatian. 

In concIusion, the highest extractability of coconut proteins under the conditions 
of study was seen with a solution of 0.2 M sodium chloride at m extraction ratio of 1:1 
with kernel at room tem~erature. The gct forming abiRity of coconut proteins was 
highest ;iaotand the isoelectric point at a temperature of 8oQC (Figktres 5, 6). It was 
aaso evidenced that the turbidity of the protein sa;utions being high at the above 
conditions, the reactivity oi prbteins was at a maximum resulting in the formation of 
coaguR18um. Moreover, both 1.5 S and 7S proteins changed partly at W°C, around 
which the gcl formation properties appeared best. '$his indicated a dose relation 
between the changes of protein and gel formation. 

I am extremely grateful to the UNU authorities, the Netiond Food Research Institute 
(Japan) and the Goverment sf Sri Lanka for providing me t3e opportxnity for the 
study. 
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