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Withl a] v'niew towaardo deeliga poeur o t,:. aq-u.olus prcsin Cof,-c- nt fo fo 

usage of the protein, pertlnt properties of the coconut proteins were measured. The
 

proteins were fractionated by exclusion gei chromatography into high and low molecular
 

weight components. 'The high molecular weight components (84% of total protein) had a
 

value for £"ntrinsic viscosity characteristic of globular proteins (5 cc/g), and.were 
only about half dissolved in O.lM NaCl6 in the pH range 5-9, with the dissolved portion
 

starting to heat coagulate at about .70--c. The. low molecular weight components on the 
the other hand, were completely soluble and heat stable over a wide range of conditions.
 Considerable differences in amino acid analyses of the-two fractions,were found.. The 

low molecular weight components were particularly high ,in arginine and glutamic acid and 

very low in the aliphatic sailino acids. The,high molecular weight ,c6mponents contained 

reactive SH groups, whereas the low molecular weight components contained no detectable 

amount. Results suggest that processing temperatures of 70 d or lower are safe for the 

aqueous processing of coconut proteins and that the maximum safe temperature (without de

naturation) would increase with addition of salt, or adjustment of pH away from the iso

electric rage.
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SEPARATEDOF TWO CHROMATOGRAPHICALLYA CHARACTERIZATION 
PROTEINFRACTIONS OF COCONUT 

INTRODUCTION 
CHIIEF coconut producingTHE TWO 

coantries are the Philippines and India, 

both of which suffer front a shortage of 

edible protein (Abbott, 1966). In the 
1968)Philippines, almosr all INyb.,rg,

ocpnts aldriedo nall ca.v g 18 

issuseuentl preed to recopr, h 

is subsequently pressed to recover the oil. 
The resulting protein is generally unfit for 

human consumaption. 
Although the protein content of the 

the quantitycoconut is low (about 	4%)j, 

es c the
4 roif coconuts gown ma 

Oroenutsigrowe n 1965s recovethe 
ro Phips 

produced 7.U billion grams of coconut 

is estimprotein, Fhich ted to be enoughfor Iog per Filipino per day. According 

to the data of Abbott i 19661 concerning 
of the Philip-the protein food Supply 

up incrse the pro-pines, those wold 
, t Ow u l 

tein supply olf th,"ia Ph~ pp mn-s by .- , .. 
•~~~~~~~~, ,,tpntl .--	 thepr.)tein was disolv,-d by .x.racitVWIlowCver. 1l iliz-iolin of cOconut pro- 1h.. 


ipon the mc. \ili I.M 
 Nac I It Ill 7.0 f07r about hr.tein for food is dpondlcnt Vihe residue wa rc'o;'d bv tithration. "he ptldeve'opmneit of a prtoess -vhercby both 
cla r f.t i h : 

c ov *ere-d r ie-d . i) :ILI th e oui io as 
otein : re ro il a nd '. d- r, i, e p r 


froin the coo,,,nt. One at the: al te cenilttigatinn. "llh,. ti.,r. sltitiul wva%
colt-

.dr t i; a ptocess entr-i.2d I), tltr'ti itil . . I litl. hraile 
processes 1'lt ll coitC i 	 , larto pais-ltrL~ctle -it I.. proic.tL are &eif.vd 	 Hc, A . t-whereby th: c-ocznnut -il u '-on 	 s ii•\i's .f'l'l1I 5 iit I(UMd-t1nIIe'.nbjr

ren ls S ro th 
e .i ,e: The,re n'' ye d t h 

[lie cd ,oilo.'ittitioll ' then
the e"Uli n is t n centsifutd torp.t. 

tt- . i ter.x1 throti a (t22 ,,n 	 pore ,. tter 
oil etn ;t s n i 1tkn,' ; liflipore Corp.) "n dh I ,ed ::aint I.1 N.l.
ilr d ri,67). Somv ' kIdR 

hiar:an, 1967). Stiit;' :tdisliullal kntcvIed-', 

of the sOtion proi rties of the cocout 

proteins are iltip1o Itant tow:itl tile des-,i-

opuient of :0n '.tlnt lsi pro L
. , .  
's"c

1.1\C etnpll"-Pievicol- inive~t i.i tons 

Tials' I-tot:' pto.orti.:sof th,, protemi con:r,?n rs'-

\ iln i w t.2 
(it I'll 6 liAppr 

littriini iic.,,iiV" 

,elative alllitl.llt " 

Ileicent ni I;.e-'n ot' di el. 
s.llt-free votc'

;:1 
:\tti'.tin e t'iit- '. lth 

Aimount s,.1 in i) I\! N.,CI. 
a!' I'll 7(0-- I.l -. .----

Ofr (mit ,,ti.ittI"l \it lwre't'i'ii i', v..i.,i.' t 

3W(' 

dal;. ('oil' . . ill il -

sized classification of the coconut protein 

by solubility behavior (Samson et al., 

197 1a; Strength, 1970; Butterworth and 
Fox, 1963), by antino acid analysis 

191b:(Strngt,Samson at.(Strength, 1970;170; amsn ete al., 1971b: 
1960) andRajasekharan, 1964; Peters, 

heat the dryheat denaturation by heating of 

meat (Samson, 1971; Butterworth and 
Fo, 1963). 

The purpose of this research is to 

better characterize the coconlt proteins, 

principally with respect to sonic of the 

pr.nteters of interest in the atqueous 
and use of coconut proteins 

for food, i.e., solubility, heat denaiura-
lion, viscosity and amino acid malysis of 

the individual protein components. 

processing 

MATERIALS & METHODS 

TIHII ENDOSPERM (with te;all of t'resh coco-
nuts wa.; freeze oried; the oil was then ex-
tcai ed with he\an a:it amnbient i1rnperuto re. 

.ter this proc-du,e th., sthtion contailed 

h) - 2' of tile tItil t'.:o'ell in te i t,. 
\ or.,\it.tetv 5'" :, nt ,..:tcd to'it the 

.,lids :nd 3',: va , t i"inultr:;'ihtr,.'in. 

Anilyses of protii oe-'iettfiiiin si ere 

-- ./ ¢(.../.4-,,oLIfVA t OF FOODSC,'C:Nc 

larre nl S;In:1Il 111,, 

l t %, 
TV t oCn ooll', iII%VA clll llivi'll1flactiintl 

1.5 X 111, 2,4 x Ilit.',+._ 

4.3 cc/lt. 4.7 i'ilI 
14 ± 3I0i 84 a 3 

19.2 t (1.4 1I'.9 ! 04 19.1 0.4 

3.76 	6' 2 t'l1on0 3.53 bit 2 . :) 2.43 1.1127t.iilin) 

10i:53 7,-7, - . . 

l 
1 1-* 11'It'l.- 1li'll i i itiat I;; i.1I Io v,1',,1",7.4l; tile l,'lt. Ii , ir . till'i t 4i It---,j l l (1',.1 N..(:lld 'j i- ;', .. 

' 

made by ultraviolet absorption or by the Lowry 
(Lowry et al.. 19151). Both methodsmethod 

were calibrated with solutions of coconut pro

tin of known nitrogen contenit, as determi-d 
4 was cby %icro-Kieldahl analy.sis.The average error indeternining nitrogen content by the 

Lorry method, and about 2% by ultraviolet 

etoad bu 1,, yulrvoe
absorptior. 

In heat coagulation experiments the protvin 
solutions (aliquots of a stock solution) vuere 

heated for 10 min, then cooled to room 

temperature and centriftiged. The ;tmount of 

protein remaining in sotutions was taken as a 

neasiire of undenaturi-d protcin. 
Protein ulubility wa.i determined by prepar

ing approximately !' stipcnions of the pr,;

tein in solvent, adjusting the pll of aliquots t:)
 
the desired valu and then attating for 

ibout l. hr at room temperature. The final oul 
was read and the suspension centrifuged; then 

the disolved protein content of the aqueous 
phas, was measured. 

wasity eaut in an Ol'\;ald Vi,-Vi lie ne.trc,t,oOmeter. with the tnne recor..t t't 


ti.,th of a secon il a stk l h. "; .h'ac i 

saldrleatonre i;ea,urcn.ent v~i -, '!1 
of at least three aeaurents V as ii'd. I
 

t i
 
was 0.1 . The teviretitre ''a 3I"C. 

\.r .'peer0l nted ,%vtAItio acid -naly s 

the lieckni in Model I2IC inlah :er. Sot C.c 
-crc hedrol.zed in i tIi t fo 24 

%vasan.:lhr. under:I t ni i "tlvt" Cil tIe. 
'7ed u ettr ii, l of V N S e Ie i' eu;, 

%'liltpertoronic :icid. "-. ;'iiplili va', i ay!ed 
by the im'h'lid of Kliler and 1leh r I 19o7. 
Meihionine valueci svcf'. :crrected for tile ol.

-- 1-----------
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F iAcrICtIN tuMEit 
I- S''; .ihd'',,s G;-'(t 5.. 1r tlWO Of f'i~t'.-F q. 

" onil 
, 

1 77 Y i cmV cte in l 0 ' tltlf'P-11I' llAt 8. :0 1b!'~ /0t .0 

el' ".df(riot, i tit'it- - thrh oi/llt l. 

http:proic.tL
http:entr-i.2d


--

CHARACTERIZATION OF COCONUT PROTEIN FRACTIO'S-5 

-Table 	 2-Amino acidanalyses ofprotein fractionsa 

Large mol 
Amino acid wt component 

Lysine 3.44350 -
Ilistidine 2.20 

14.70Arginine> 	 Tryptophan 0.89 
'Okspartic acid 9.47 
Threonine 3.29 
Serine 4.89 
Glutamic acid 17.94 
Proline 3.60 
Glycine 4.41250 
Alanine 4.30 

4.5 50 Cystine 0.98 
LOG (MOLECULAR WEIGHT) Cysteine 0.16 

Fig. 2-Calibration curve for determination of Valine 6.06 

molecular weight, calibrated with aldolase (mol Methionine 2.84 

wt 	158,000), ovalburnin (mol wt 45,000) and Isoleucine 4.12 
Leucine 8.15ribonuclease (mol wt 13,700) on a 2.5 x 90 cm 

column of Sephadex G-200, with phosphate 'yrosine 2.87 

buffer (0.4 ionic strength) at pH 6.8. was Phenylalanine 5.10Vo 
Total 99.41188cc. 

'ln grams amino acid/16g N 

served destruction during hydrolysis of methio- dark-colored protein. The eluant was 
nine in anino acid calibration mixtures. Two 0.95M NaCI, buffered at p'1 8.2 with 
completely independently prepar.d setsoffrac- 0.01M Na 2 IIPO 4 . 
tions were analyzed and the amnino acid onaly- An estimate of the molecular weight 
ses of each %%eredone in duplicate, of the protein compoaents was made by 

Sephadex chromatography. A calibration 
RESULTS & DISCUSSION curve of volume of elution vs. log of 

A TYPICAL chromatographic separation molecular weight is shown in Figure 2. 
of the coconut protein by Sephadex The volumes of elUtion of the two major 
G-200 is shown in F:igure 1. The second protein components were 258 cc and 365 

and third peaks , ntain all but 2% of the cc, indicating approximate molecular 
protein eluted from the column. The weights of 1.5 x 105 and 2.4 x 104, re-
second peak is the major protein compo- spectively. Vo was 183 cc. More accurate 
nent, containimng 8 ', of the total nitro- molecular weight determinations were 
gen (by Kieldiahl analysis) and the third not undertaken in view of the assumed 

peak 14, (avera.e of several separations). heterogeneity of the fractions. Spychaiski 

The first peak is caused by light scattering (1930) reported a molecular weight of 

rather small amount of 1.04 x l0 s for the main component ofand contains a 

r ' ~ I 

Z 

0 

ra 

>1o" 

o 

'0 

I 2 3 4 5 

TOTAL PROTEIN (rng Nicc.) 

of 
large molecular wuight cntinonent,at pl ll./, i Ut.IM NiCl. 

0oFig. 3-Depevndocce of ;rnotint vf prot..it d!. So!L',d tt.,!0 t tonLt 

Small mo! 95% Confidence 
wt component interval 

5.01 0.14 
1.05 0.13 

0.7422.03 
1.02 0.10 
2.60 0.21 
1.13 0.11 
1.28 0.09 

35.51 0.47 
2.17 0.33 
3.13 ).13 
0.59 .15 
3.45 21 
0.00 3 
0.80 0.24 
0.37 0.16 
0.28 0.33 
1.94 0.72 
2.61 0.13 
0.66 0.18 

85.63 2.32 

coconut globulin. 
The chromitography of the coconut 

protein on Sephadex G-200 had been 
undertaken as a means of purifying the 
coconut protein. However, the neat sep

aration into different molecular weight 
components prompted us to consider the 

propertics of the components separately. 
Some of the properties of the como

nents are summarized in Table 1. "lhe 
amino acid analyses, given in Table 2, are 
the averages of duplicate analyses on each 
of two independently prepared sets of 
samples. 

The solubility data presented in Figure 

100 

in. a 
4 s 

0 60 

U 

20 

-- *---, 	 , 

2 4 6 l 

MOLARITY NoCI 

Fig. 4-Deip:nL't'ce of he, coagulationnn silt 

concent,tation, for the l, rpo moh'cular we'ht 
component, ot pH 7.4: (e) 100"C; (N) 85"C, 

4J 70 "C. 7he anmount coaglated at 0.5,1 
NaL'I was the same for all sanples. 

10 
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Fig. 5-Dependence of heat coagulation on pH, 
for the large molecular weight component, in 

0.1MANaCl: (o) 100"C; (A) 800 C; (a) 700 C. 

3 indicate that the high molecular weight 
component is not honogeneous. If it 
were homogeneous, then the protein 
should all dissolve until the maximum 
solubility of the protein is reached-and 
then no more should dissolve (Taylor, 
1953). The straight line dependence of 
dissolved protein upon total amount cf 
protein present indicates that fraction 
dissolved in a meaningful parameter of 
coconut protein solulility. Within the 
concentration range of 1-5.5 ing N/ce, 
the solubility of the larae molecular 
weight coniponents seems io0bc adequlte-
ly stated by reporting the fraction dis-
solved, is%vasdone in Figures 6 and 7. 

Ileat co,.,ullion ft theI'rbe iiolecu-
lar weight components was at a maximum 
at neutral pt1.low salt co n.,ntration aind 

high temperature. as indicated by Figures 
4 and S. Figure 4 Coitaints i:.othcrmns at it 
constant pit (7.4), at difer,-il salt con-
centrjations. lIgUre 5 Cont1ins isotherins 
at a constnt salt conccltration MtI.I), 
at dilfercnt pll valuC,. As might be 
expeLted, i re protein ik oagtltli a11 
low salt cncclitratiois illd hiiher temli-

peratures. A . imtere c,. ulation occut.i 
in the pIt ranre 4--7. whele it is atssulimed 

t!.c is 	 mwimuiinu in charge olithe proteii., 
l,:teS (Ih I ported thalt the coco tl 
proteins 	were only heat coa,.ulh ted in tlie 
rangeIll1 

3 .6a-4 -1. howevcr lie did not 

specily the :.solvent d. 
hlie effect of Jl and sil n the 

solubility of the hi.h liilcur veiht 

Fimcsco 	piilttnemut; iskshliwnli in ll (a idtl 7. 

080 	 1 

.	 I0 


z 

W 40 -2z40 

3 5 7 9 
pH 

Fig. 6-Dependence ofsolubility on pH, for the 
large molecular weight component, in 0. iOM 
NaCI. 

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

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

The greater heat stability of the low 
molecular wei-h1t proteins could le due 
to the relatively large amounts of dicar-
boxylic a'ids (38.1g/16g N), and basic 
miino acids (28.1g/ 16g N), :llowino the 
possibility of ninily intraniolecular salt 

tl'rcs. A:lso. lie cystine conthien is 

h ,igher for the low molecular weight 
components (3.45 s. 0.98g,I bg N) indi-
eating a larer number (of Stabilizing 
disulfide bonds. On the other iand. the 
ricaler solubility of the low mole,,,ular 
v.ilt protcins could reflect the usail 
iver1 tepenlencC Of sltibilily till ilt-

Lcul.ir \%ci.'Hit of proicin t(olin "itl 

!'ds. ll,1943). 'ilie difftrenc." in boll 
solhibihlty and h.at coaatl;oIIt Of the 

Comiiponenuits might also he ailribuled to 
ili' large differ.nces in alitahaic amino 
-.-ids, which are pli.,ent illvery sill 

a111.1imits illtilelow iitiilecil.i \cight 

co 	 p tlllenlits. 

TI' deleideice of het-ill ;lili!y oil 

phl,illndlt e;; tmlni means th;il:dlIhtitrwat'Lia. IM.i.atl i-. it. . II i. ihiientc.' 

i lti 

The d a la slh e p iilt o f h , hit' i n iil a l S i te tI 1'rC t 

t ithal' tih iilni- tIlltn 

inniliI soahllilitl o'ti it e';ittll 5 ill . I l P"tats.iia:. l0.1we itil th1e dil.,i ini 

N.i('l. WVe s-alilll'th istat'lclnic I'.!iirLeS 4tal11 5 iidic.itc that 7(1 C is saie1 ilah. 
point iN thcll-Ctoa ical J II5. hit, dditi!m i lt lit'.lrlyidt .ill v iles of Jill atid S.alt 

of sallincrc.a'ez; it:hsolubuility as S!IowlIi laceittitiail. 

iia1tIie01t It111-W '.' i:ll' Ii , la t i ' ill 
ilil ° l 

10 
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Fig. 7-Dependence of solubility on salt con. 
centration, for the high molecular weight com

ponent, at pH 7.0. The lowest salt concentra
tion shown is O.01M NaCI. 

The values for intrinsic viscosity indi
cate that the coconut proteins have the 
low viscosity expected of globular pro
teins. Viscosities were measured in I.t)M 
NXIC! at pH 7, where the protein is all 
dissolved. Under these conditions the 
viscosity is very low: however, at lower 
values of ionic strength, electrostatic fac
tors should cause I somewhat higher 
viscosity (Tanford and Buzzel. 1956). 

For some food uses it is desirable that 
a protein be soluble at nearly neutral pll 
values in a solution of low salt concentra
lion. Only half of the high molecular 
weight proteins are suluble under sui.h 
conditions This restricted solubiily 
could have significant implications in 
coinsiderini potential food uses. 

In suimary, tileco.:Oilit proteins Can 

lieconveniently classified as either hirh 
or low muolecular wei,!ht with the tl;:!.o
 
the proteins being (if high nolecul." 
weiglt. lhitlow iioicciilar weight pro-
Jeins aliequite soluble and heit stotbie. 
The lighi mol cullr weight pl,!eills a",e 
heat co.idlalted at tcilr:dtll I .illes and 
at low S:l couic.Un ratiols;; ltvevcr. I"y 

addilioll of salt aiitlitr :tlis illill(illIot 
they U."ay omiopi cipitalae Ilbe rendered 


leinpemailires as high ,ist)0'1..
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tutu;. "W,,ih i'raaijtii,\aait. ,i.('. i.t:,,ut. 

vd. (oti, Aerw;i ( . 'lai.t. AI{i, itt.-IS ,t , 
wV°:,,iaatai..D'. 

alt, -. t taiJ ,, (ain t.' ill"iiiat.',I tr- nil, 

,,lt.iaf iti tillIit'lit,, tUrai.it~a t,, t. i"iluctall Itiittlt ' .. thla' I', itti adtllii 

,i. ir i: *I.h.
 

(...,hn,I.,. .. aid l la.I.T. i.ili. "l'r,.i,,ll 
AiiiiiIa alaial" t',iaiiaht.s' ttialith,'hl i'aat,iici 


1 hr (;i.. m il i tiiii . S dities li. 
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