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-- aqueous process vas investigated for the recovery ot 'oil mnd f'o g-ade protein from 
fresh coconuts. Efficient recovery of oil, which is very important for economical rea
sons, wp- related to three critical unit operations: separatioi of oil from the fiber, 

-,Idestabiliza.tion of an oiJ.-in-water emulsion, and re~overy of a protein product* that i9 
low in o-'1. content. The material balance is reported for a laboratory process that sat
isfactorf*.2v separates oil and breaks the emulsi1on,?.and data are shown which has led to 
a proe:: Por recovery of a protein with Icy oil content. 
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Critical Unit Operations of the . .. .. .. . 
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ABSTRACT 	 stay in the liquid phase, even though, only 30% of the 

Anaqueous process was investigated for the protein isdissolved. The undissolved protein stays with the 
recovery of oil and fod grade protein front fresh liquid phase because it is acting as an emulsifying agent for 
coconuts. Efficient recovery' of oil, whieh is ery the oil globules, which are small enough to pass through the , 
important for economical reasons, was related to openings in the filter.

The oil-in-water emulsion, commonly called coconutVthree critical unit operations: separation of oil from 
milk, is centrifued next, with three phases resulting: the"

the fiber, destabilization of an oil-in-water emulsion, 

and recovery of a protein product that is low in oil light and heavy liquid phases, and the solids. The compo-f,
 
content. The material balance is reported for a sition of the light liquid phase depends on the intensity of
 

as islaboratory process that satisfactorily separates oil and centrifugation. Under the very intense centrifugation, 
shown which has used by Timmins (unpublished results, 1970) the lightbreaks the emulsion. and data are 

led to a process for recovery o a protein with low oil phase may be clear oil. Under the conditions or most 
c naqueous proces.ing methods, the light phase is a "cream," 

which contains a high concentration of protein-emulsified
oil globules. The cream-like phase must be demulsified to 

INTRODUCTION make possible the separation of clear oil from a solids phase 

In the Food Protein Research and Development Center containing tie protein. The heavy liquid phase consists of 
at Texas A&M Universit, work is in progress on the water and water-soluble material, and comprises ca. 90Vh of 
recovery of oil and food grade protein concentrate from the the total volume of the system. The third phase consists of 
coconut. We are considering two general approaches to the undissolved solids that are more dense than the aqueous 

phase. These solids consist of the fiber that survived theproblem. The first is a conventional processing similar to 
that currently tilwd for soybeaos: the coconut meats are filtration operation, together with precipitates formed after 
dried and the oil extracted with hexane. The hexane is the filtration. It should be pointed out that insofar as the 
subsequen:ly distilled from the oil. Protein is separated centrifugation demulsifies, it forms precipitate, because the 

the normal protein protein removed from the o(j globules is not dissolved.from the defatted co:onut meal by 
A study of the literature has led to the recognition ofisolation procedure: extraction at high pHi, followed by 

development of an aqueousprecipitation at low pit (1). 	 two elusive goals in the 
Another approach, with which this work isconcerned, is processing of coconuts. They are: first, the control of 

the aqueous processing of the coconut. The charactristic conditions so that the protein survives the processing 
feature of aqueous processing is that the coconuts arc not without beconming irieversibly denatured, and so that the 
subjected to preliminary drying. The fresi co.onut meats oil k, recovered in good condition; and secondly, the 

are ground while still wet, with optional addition of water recovery of at least 95% of the oil. In order to achieve these 
to facilitate grinding, and the oil and protein are recovered goals the critical operations seem to be extraction of oil 
fron the resulting emulsion. Various schiics fur the 	 from the fibrous residue, demulsification, and icovci' of a 

protein that does not bind an excessive amount of oil.aqucous processing of cocunut. have been proposed (2). 
The flow diagram presented in Figure I is pencral enough to Reported proccsses for the aqueous processing of coco
incorpoiate most variations for tile aqueous proctssirng of nuts apparently fail to achieve these goals. For example in 

the Krauss-Ma'feti process (.2,3) the demulsification wasfresh coconuts. 
The first step !% the proce.s is the grinding of the accon-plished by heating, which irreversibly denatured the 

coconut eiuats, which results in a sltrr, of fibrous particles 
ill a inilky emulsion. Upon subscquent filtration to reiltove t
the suspended solids, the oil and' protein are ubser',d to 0 40% 
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protein. Fu rtherinore ca. 14'; of the oil rerai ned with the8
residue a.nd d;l 77; 	with theL protein.

Olh:r works onl .\t p~rOe'.ssiig o). C'O...t)IItS is cturrenlty 

in Pr gress at thc 	"l'irlq! Prodtl's hnstltUte Inlo~ndon. 
The (lata rep,.rted 	 Iv,, li'imuins ui tii-,htd . indie',le thatt 
their residiie holds e:i. ,.' of dhe oil. a.nd that S-IO.; ,)l" the 
oil renrains ithI the procten. 

METHODS AND EQUIPMIENT 

,Vi5 Iti'riheIl 
with a SorvalI :,l:d RC2-Il ('enitritiuc. with a swinido 
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\Vcstl,lia disc tyPe' etelltitiu'I \tid1el SA7-.II-(,U, (', 
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by notlmne withi v,.ltr in a dis-, .attlilkii mill I [iet I la:,i' 
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FIG. 4. Effect of moisture content of cream on its inversion by 
shear, at p11 4.0. 
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TABLE I til oil and protf were centrifugedNote that most off oin

into the creain phase, which contains 601,, of the protein ll
 

an 

' Laboratory Sealv Material Bltamead8%o ieol h pelance ofs i.tthprotein in 

for tie Aqueous Processing of Coconuts atpit 4.0 phteoi l. fret 

Dry Weight the________________hs eilsfotth1atta milk.i!cnrfiThe dataWeight proteiu j; gationcrastep did ntot efficiently deniulsify tile 
Material weight, g oil, g (N x S.3) also show that the aqueous phase at pIf 4.0 is very low in 

Fibrus residue both protein and oil. Also only a small anount solid phase(waoshredit was obtained, whichi was about 421,1 oil.
 
(ahd3 tJimes) 75 15 1.6
 

Aqueous phase 4S 2 2.1 A similar experiment was carried out on a large scale
 
Solids 7 2.9 2.6 with a disc type continuous centrifuge. Ifere however the
 
OlftCream 3706 306 0 results were quite different, with only 14%, of tile protein
Cream 370 339 21ony4%oth 
Protein fronm cream 60 30 21 reported
appearing inthe creani phase instead of the (61'7.
Starting material for tile hatch cenitrifulgation. \With the' disc centrifuge there 

(100ukg fresh Was much protein it tilemote solids, indicating that the 
__o__onut _______________0___8S___ disc centrifuge was a more effective dernulsifier. However in

both types of centrifuge the oil content of the solids was
makes deiutlsification more difficult. Insufficient grinding, rather high. about 40Yh, which suggests that centrifugation 

on the other hand, results in intolerable losses of oil in the of the coconut milk tinder these conditions necessarily
residue, results in an oily protein precipitate.
 
Inorder to evaluate methods of grinding the coconut, a
 

very simple experiment was conducted. Thl ground coco- EMULSION BREAKAGE
 
nut was squtieezed througl celesecloth: then the residue was
 
gently mixed with water and squeezed again, and the A Method needed for separating tile
was emulsion into 
washing repeated. The idea was that this washing would not clear oil, aqueous phase and solids phase. A criterioni for the 
break any more cells than were broken tile method is that it avoid irreversibly denaturing the protein,ill grinding 

. operation, and therefore allow to determine tile and as always tile feasible.us anount method iist be econonically 
of oil present in unbroken cells. Fresh coconut meat wah The metiod investigated most thoroughly was the 
ground in a blender for the experiment repqrted in Figure inversion of the emulsion by shear, first suggested by 
2. The results show that the oil is gradually washed out Sugarman (6). The idea is to first concentrate the oil 
with successive washes, with two washes being adequate to globules of the enulsion into a cream by centrifugation, 
remove almost all the oil not in unbroken cells. These data, and then to convert the cream into a water-ini-oil emulsion 
combined with microscopic exanmination of the wet residue, by agitation violent enough to break the globules. Subse
indicate that oil globules cling to tilecoconut resi.lue and quent centrifugation separates the continuous phase, which 
that washng is an effective method for recovering them, isthe oil, fromi the wet protein precipitate. 
Incomplete. removal of these oil globules may be partly The data in Figure 4 show that the use of shear is 
responsible for the failire of other workers to efficiently effective in inverting the coconut emulsion if the water 
extract oil front the residue. content is below about 281at pll 4.0. Normally when 

In order to investigate optimum grindin.-, coconut-water coconut milk was adjusted to fll 4.0 and centrifuged, tile 
mixtures were ground in the hatter mill with varying resulting creani layer was about 30"7, moisture, and agita
distances betwevn the grinding surfaces. Fibrous solids were tion of the crcamndid not invert [lie emulsion. Thcrefore it 
filtered ount with chceecloth and warhed three tites with was necessary, to reduce further the moisture content of the 
water. The tesuiiig average Cil globule size was tieterntined cream. This reduction illmoisture content was accom
for each grinder setting, The resilis are shown itt Figure 3. plishod by adding coconut oil to tilesystem before 
The disc i%c. vand fro:nt 0 8mt. The hines agitating. Aftr agitating anLI inverting the emuls:ion, tile 
were dlrai n by., least stttares analysis of th 2 data. and added oil was recovered toge tier with the originif oil that 
indicate that as the disc spacing increases the globule size was in the emulsion. Table i indicates tile amount of oil and 
increases. arid more oil islett illthe residue, protein recovered from elnulsi)n inversion oilthe labora-

It was considcred Ilectss:i'y that solewhat less than 51", tory scale aqueotus processing. 
of the oil enain with tilefibrous residuC. The data in One of the problems with tileprocedure is that the 
ligure 3 show that grinding, whi.'h -nlditioli iL,coconut piotein precipitate is quite oily. The oil content could only 
so that le:,s than 5';, of it' oil remants with tileresidue. be reduced It) -0',' with quite severe agitation (3 mjin 
foinis oil f'lihhules about IU in in diameter. Au eiinulion agitation at 50C with a high speed on a blender). Ali 
with oil globules of this size should be expccled tolbe qoite ativantage (if lietillthod is that tie protein recovered wa 
stable. To use another prolein slabilizel etulsion for not irreversibly denatured. as itidlged front the fact that 7(Y,,
 
coittpaitst)n. We niote that ite avernmgv glpule size of Ifresh was dissolved at pil 5&0.
 
cow's milk is about 10 pill(4). These exeriiienlIs suggest There are Itwo piodctls ot the pll 4,.0 .ativetis pro

1thata mC~Itively st:ile eml1lsion is the price titletist pay c. ,ssiiig that :te high ellollll illprotVin ConteIit to wai::1.t 
stids obtainttedfor efficient \ .el-extiactiont of oil tromt tilt.el cootill, conoier,litort as food piltlii. They are tile 

whent the milk :tred tilesolidht;laetl wh'nis contrift and 
tlt'dmlutilsilivd Cleama lihase is cenl tri'tgld; IH'1i were

CErIFUGATION OF THE"COCONUT MILK 
40-45',;' oil. Although tle lelalive amnounfts of the two 

Fresh tcoontll was ill hlrsebC. thelln ' diitelcat for blh and cotiininutts Cmll1ifll-ItuittI the Mill, il prdtit:; wev 
the Itaner t.3 min slpacin. galioit, bthl eascs abot ),, nil was relained withMill wilh di: Iliese gitiiihg ill of tile 

ol it lne, ,t'lds. Th1 t'onlitiio l leave . the oil inIt tit! as evahlated the ilrolelti ':1o, the iltal oil represents a IoNs 
1 gI ihrlg.h tf ncipal produt tid'uby %, squce/inI 1 'idthe cheesecloth. It was arktable oil.'l'lich is tht ipl t L ,cotuit 
decidedtc t Ldi ll tie Coctilt tillmilk ItoI'll -1.(1lhlllits lItp.oees:.ing Irtu the considtematlill of ecollllics. T'Ihi cifoic 
itni:is1led value of 6.,), l a thi p thl. othrtilipio e:,iil)! 1itethtIs were considered.'clmtse it l l e'mi:ioll is 


rc;oiiled t,I- Iess stblle 51. '1h coiontil ilil,
%-. baotch
 
Cellltiit'l Ie ill PROCESSING AT pH 8.0
, lestiltili' tillce phiises: sollds. itlmeCOtlis phist' 


I ill.'lie coimp.siliou., ol 1xe 'lll',t"
and t the ,11', ,t ttl 
in T:able' I, .hetre each i'htl i tiletv' . of 11Ie.mt two hIindilit ,fCOtmllll litiil was invstigaltd in all 
experimit nt;. * attilllt to pltodti: a proteili wih low oil Ctttei. Mlk 
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was prepared by blending coconut or soybean with water 
and filtering througt cheesecloth to remove tile solids. The 
pH1 values were adjusted, the iiilky emulsions centrifuged, 
and the nitrogen and oil contents of the precipitates 
measured. F[igure 5 shows the results. Note that coconut 
protein binds oil considerably better i the isoelectric ptl 
range, i.e.. at p1l near 4.0. Soybean protein. .liown for 
comparison, has a similar property. It is not known how the 
residual oil is bound to the protein: however part of Mfe oil 
can be removed by rinsing with water, which si,'eests that 
part of the oil is bound to the protein as oil globu les. 

Based on our knowledge of the p1i dependence of oil 
binding, we m.dified our proces;ing scheme to that shown 
in Figure 6. The centrifu getion c(, coconut nzilk is now 
done at ptl 8.0 instead of pH1 4.0. This modification was 
designed to reduce the oil content of the precipitated 
protein. We expected the protein obtained upon centrifuga-
tion of the milk to be low in oil because, as Figure 5 
showed, the protein binds less oil at pil 8.0. We further 
anticipated that the protein precipitated from the zqLIeOtus 
phase would be low in oil, because tliere is little oil 
available in thle aqueous phase to bind to the protein. Asatilaled tile phastbindia tle pootinedAreus thato 
anticipated the results indicate that the protein obtained 
when the milk is centrifugced at pH1 8;.0. alld that precipitate 
formed when the aqueous phase is adiusted to low pl1. only 
have about 20'7 oil. An Unexpected reult was that the 
cream phase only contained about 3. of the 1ttal protein 
(for pilot plant centrifugation), as contrasted to 14% 
observed for identical centrifuation at pll 4.0. 

It was decided to determine a material balance for the 
processing at p1l 8.0 on a pilot plant scale, rather than a 

PROCESSING OF COCONUTS 

laboratory scale. We went to the larger scale because on 
that scale we could use a desludgng, continuous-feed 
centrifuge. As indicated in this report, a continuous 
centrifuge results in considerably less protein in the cream 
phase. Consequently a significant effect on the material 
balance was observed. 

The design of the pilot plant equipment, !he naterial 
balance for processing at pil 8.0 on that scale, and an 
analysis of the products are under active investigation and 
will be reported on at a later dte. 
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