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AQUEOUS PROCESSING OF FRESH COCONUTS FOR RECOVERY
 
OF OIL AND COCONUT SKIM MILK
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after centrifugation, has approximately the extraction with a chloroform-melhanol mixture mated )5'; confidence level for the sum 
same composition as the aqueous layer from (Bligh and Dyer, 1959). Ash analysis followed of both analytical errors and variations in 
the three-phase separation of the milk. The oil heating for 2 hr at 600"C, except for the ;oiu- analyses due to small changes in process
phase was purified by centrifugation, heating to ble coconut fraction which was a;hed overnight ing parameters. 
drive off residual moisture, and decanting the at 550'C. Soluble carbohydrate was deternined 
oil from settled solids, by measurement of redut og sugars in a clani- fe analysis of coconut oil is not 

The insoluble protein recovered from centri- fied aqueous extract. The measurement ftl- included in Table I . Analysis of the final 
fugation of coconut milk was dried by freeze lowed inversion for I hI at 6t'C in (,.7M II1'L. oil product showed it to contain 0.4 
drying. The coconut skii milk was dried by .1',7 free fatty acids, with an iodine nun
spray drying, with an air outlet tcmperature of RESULTS & DISCUSSION her of 7.5. The oil was certrifutged 10 
ca. 85'C, and air inlet temperature of ca. clarity :n the laboratory and some precip
170oC. Products itate was ob,:,inred, with tile anlrouttl of 
Analytical methods The gross analyses of the products arc nonoil so!ds being 0.4 - .2'". (oconul oil 

Stardard miethods of analysis were used for shown in Table I. All values are the aver- from aqueous processing is therefore 
nitrogen and crude fiber. Crude fat was b.sed ages of nteasurements on at least two superior to oil obtained b'y crushing co
on ether extraction of dried samples, except for independently prepared samples. The pra, which varies widely it analysis. A 
tle soluble coconut fraction, which required reliability expressed represents the esti- typical value for free fatty acid content 

of crude coconut oil frott copra vould be 
ca. 5,. 

'[he residue is a fibrous material, 
which contains small particles of dark 

Table 7-Typical compositions of dried products testa. Prelimittary work shows that the 
testa can be separated to give a very 

Insoluble Skimn light-colored producl. The protein prod-
Residue protein milk' ticts are light brown or lan. All products 

%Crude protein (N x 6.25) 3.4 ,0.6 .. 10 25 t2 calt be obtained almost while if!he coco

%Crude flat 24 3 19 9 5.1 1.5 nuts are pared. 
Crude fiber 25 4 2.(1 11.5 11.13 0.3 'File products from processing of' coco

%Ash 0.6 0I.1 9 2 9 I nut nieals are slown in Table 2. Any 
,;, Moisture 5 3 4 , 2 1.5 1.3 product losses tlat may result front spray 
% Carbohydrate, totalb 61 3 unknown unknown drying are io incltded, because spray
'I Carbolty drate , soluble 1.3 -1.n5 7 , 3 45 -3 drying losses ar,' expectled toi b. altost 

negligitle in a cotitterciil operation. All
aC(,mpositin with coconut water used in processing. See text for results are tie averages of at least two 

composition without use of coconut water. Dehydrated skii milk ''as independent cxperilntnts, perfornted
stored in desiccator to maintail tos, moisture ctonlenlt. 

bBy analysis, after digestion in 72,; sulfuric acid after Ininy prelintinary experimtents Ihal 
were done to detleritrtie o!' ' tlln proce
dures and operating paranteters. The re
sults reflect tihe product losses resulting
from uttltipie Iranisfer ctf itraterial tie
frem multitrser ocei e-Table 2-Experimental recovery of different components in the 

a and processing equipprocssig o tLOnlainersmetsatween coonuprocessing of coconutmeats nn. 

Fraction of coiiponent it product '/) It is presumned Ithat such losses would.Cotonent be negligible itt a coillilu(tots process. 
", Therefore a nmaterial Ihalance was assullied 

Product . Mass (to calculate tilte pr(tdocts front tle colintit-
Residue 17b 5.8 7.0t uous, lalge-scale acqueouls processing of 
Insoluble protein 2.5 0.7 21 fresh coconutls, will coconttt water beling 
Skim milk 16 1.2 65 used to extract coconut milk fromn tire 
Oil 59 85 It fiber (by coMntr-curretl exl raclion). 

__-----
 Fresh htusked nts are asintct to te 44';Total '/. recovered 94 93 92 ---------- rtcats, 3 1', water and 25'. shells (wet__e-

altor pilot plant tirocessing of coconut meats only; coconut water weighls). 'lte results ofI his calculation 

was not used iii ttie processing. are shown it [able .3.
bTle standard deviation for eacth result is approximately 2%of til These results indicate thtat 09; of tire 

value in the table. 
tolal protein is ill tile skii rnilk fractiot, 
and 99% ot tie crude fiber is it file resi
(hire fraction. 'tis sepiaratioi of prolein 
from crude filer is cii, ' -ed (olie i tie

Table 3-Products from processing, as calculated from experimental principal adaitliages Ihat aqueous proc
recovery, product compositions and material balnce essing has, as conlpared to dry prutcessiirg 

Mass of Protein ill Oil ill of, coconults. 
Product product product product Sitnilar calcullatiuonts show Ihal lie 

_________ _____ --..... .... .... cocontut skitin mrilk also ciiitaiirs 8.;";, of'
Residue 43 kga 1.5 kg I0 kgInsoluble protein 5.7 3.6 0.7 the sails (as esliltialed frotnt ash analyses)Inlb ril 4.743.6 1..7 and 97% of lilte soluble caihydrales if 

Oilk 44 1. 12 the coconut. The skitti milk fraction 
therefore conlains Ire bulk of salts, sug-

Totals 234 16.9 153 ars and protein of' Ihe cocontl. 
'AII results are on a dry weight basis. [lie starting material it. 1000 '[ile preparalioins of products was per

kg of husked coconuts (wet weight basis). foried repealedly, with slight changes in 
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the processing. The observations consid- Coconut Assocation of the Philippines using coconut water) contains 13 - 2%., 
ered most significant are the following: (1971) and Exnata (1972). This price crude protein and 13 ± 3% ash. It is esti-

Effect of pH. Coconut milk was centri- incl,.,des $0.70 per metric ton estimated mated that with use of coconut water the 
fuged at pll values fron 6.4 8.1. The as transportation costs. Crude oil prices in acid-precipitated fraction would not 
protein content of the skim milk fraction the Philippines, also for the period change significantly in composition, but 
was observed ;o be independent of pl1 1962 1971, averageu $0.113 per lb. the acid soluble fraction would change to 
over this range. Furthernore, no signifi- Processing costs for the hypothetical a composition of 10W crude protein and 
cant change inl composition of the insolu- processing plint were estimated to total 13','. ash. From experimental data and 
ble protein was observed from pll S1 5.80 per ton of husked coconuts proc- material balance considerations, it was 
7.0 8.0. e:isOd. This cost includes labor, equiplent estimated that 46',;. of the total coconut 

Use of coconut water. It was observed depreciation, interest on borrowed capi- protein would be recovered in an acid
that only the skim milk fraction was sig- tal, maintenance, utilities, administration precipitated protein fraction. If 1000 kg 
nificantly changed in coinposition if and other miscellaneous expenses. The of husked coconuts were processed. 12 kg 
coconut water vas not used iii the proc- manual shelling of coconuts is the largest of the acid-precipitated fraction would be 
essing. When coconut water was dis- processing expense, accounting for 22',:,' recovered, which would contain 7.8 kg of 
carded, instead of being used :i process- of total processing costs. The estimated crude protein (see Table 3). 
ing, tihe skim milk fraclion contained total etluipinent cost is S650.000. The Production costs for this alternate 
30 - 2,; crude rrotein; 37 - 3' soluble total installed plant cost is taken as 2.5 process would be about the same as for 
carbohydrates; and 9 - 1' ash (see Table times the equipment cost or S1,600,000. the process resulting in the coconut skim 
I ). Based on these est imates, which con- milk. If oil and the acid-precipitated pro-

Temperature. Milk temperatures of servatively assume 901,', recovery of oil tein are taken as the only marketable 
00 , 5"C were ulsed in the processing. (results in Table 3 indicate 93,'; oil recov- products, then the cost of producing tile 
Laboratory results indicate that signifi- cry) and 01),-; jecovery of protein, it was acid-precipitated fraction would be SO.59 
cant heat coagulation of coconut protein estimated that the dried skin milk i'rac- per pound. 
does not occur Ielow 75' in t le solvent tion Would cost SO.16/1b to produce. It In future reports, detailed chemical 
system of the aqueous processing kpl should be borne in illind that any income analysis of tile products will be given, to
7.0, 8"; suspension of fle skim inilk frac- from other prodt-ts would reduce the get her with soi biological evaluation, 
tion). estilatcd cost of the soluble fraction. It infornation oil stability and physical 

The Iemperature used during spray might also be pointed ottt Ihat asslip- proper!,ies, and discussion of possible 
drying ta ir it let temperal tire of 85"C) lion o /ero income fron products I and food uses. 
did not reduce protein solubility. Based 2 has merely been a bookkeeping opera
onl four nieasureneits cach, it was ob- tion. It is anticipated that products I and REFERENCES 
served that 8) - 5'; of the nitrog,ni was 2 would, in fact, be marketable coninodi
dissolved for a spray-dried saiple, versus ties. Bligh, E.G., Dyer, W.J. 1959. A rapid method 

of total lipid extraction and purification.
5', a Al85 . for freeze-dried controi and alternate process Canadian .1. Biochem. & Physiol. 37: 911. 

88'; for a single imeasuremient on an tin- AialEmata, It. 1972. Unpublished data. c ca. alternate also beend fred at 2,''is Ar ceSS con- ltagenmaier. It., Cater, C.M. and Mattil, K.F.
dredontrolt 2C, p1 7.t), ; sidered, in wIticli the skin mtilk fraction is 1972. Critical unit operations of the aque

solids ill suspensioun) sub-fractionated into two coni poilents: otus processing of fresh coconuts. J. Amer. 
Et tio f poutcosts -i cdpeiiai"Oil Chemn. Soc. 49: 178.

Estilti nof prodntlcsts an acid-precipitated fraction, and an Khaund, R. 197 1. A study of the separation of 

In making tie cost estimate oil andItile acid-soluble fraction. Our restlts have coconut protein isolates and some of their 
physical and chemical characteristics. Ph.D.

skin milk fraction were tlsilerCd it) be indic; ted (ill pll 4.3 is optimnutm for thesis, Texas A & NI University. 
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