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INTRODUCTION

THE TWQ CHIEF coconut producing
contries are the Philippines and India,
both of which suffer from a shortage of
edible protein (Abbott, 1966). In the
Philippines, almost all (Nybarg, 1968)
‘voconuts dre dried to make copra, which
is subsequently pressed to recover the oil.
The resulting protein is gencrally uafit for
human consumption.

Although the protein content of the
coconut is low (about 4%), the quantity
4f coconuts grown rakes recovery of the
grotein desirable, In 1965 the Philippines
produced 7.0 billion grams of coconut
protein, which is estimoted to be enough
for 10g per Filipino per day. According
to the duta of Abbott (1966} concerning
the protein food supply of the Philip-
pines, those 102 would increase the pro-
tein supply of tie Philippines by 220,

However., wilization of coconut pro-
tein for faod is dependent upon the
development of a provess whereby both
oil and foud-grade protein e recoverad
from the coconut, One of the alterpite
processes often coisidered s a4 provess
whereby the coconut cil wned profein are
removed front the solids as an emuision:
the emulsion is then centrifuzed to yisid
oil and proteins tareanivazan and Rujtsek-
haran, 1967). Sute additional knowledse
of the sclution properties ol the coconut
proteins ars himportant toward the devel-
OPUICHE OF BR GQUEDUS PIOCESS.

Previous investizations have empha-

Tohte 1--Soms properti:s of the proten compon2ies

sized classification of the coconut protein
by solubility behavior {Szmson et al.,
1971a; Strength, 1970; Butterworth and
Fox, 1963), by amino acid analysis
(Strength, 1970; Samson et al, 1971b:
Rajasekharan, 196%; Peters, 1960) and
heat denaturation by heating of the dry
meal (Samson, 1971; Butterworth and
Fox, 1963).

The purpose of this research is to
better characterize the coconut proteins,
principally with respect to somie of the
perameters of interest in the agueous
processing and use of coconut proteins
for food, i.e.. solubility. heat densiura-
tion, viscosity and amino acid inalysis of
the individual protein compenents.

MATERIALS & METHODS

THE ENDOSPERM (with testa) of fresh coco-
nuts was freeze drind; the oil was then ex-
tenested with hiexane at ambient temperature.
fe protein was dissolved by sxtrcting the
weal with 1M MaClat pil 7.0 for about s .
The residee was removad by fileration, the ptl
reived to .0 and the wintions clanfd by
centiifugation, The resuliing solution was con-
centraiad by ultratiitnation arainst o membrane
iemed o pass mwolecules with molecelar
cht below 10000 (UNM-10 membrane, Ami-
con Corpa), The coneontrated solution wis then
vijtered  through a (K22 pw pere swe tilter
{Mitlipore Corp.) and dhidvzed acanst 1MNGCL
After this procedine the wlation contained
gy - 27 of the total mirogen in the coconut,
Approvipuately 577w s nor aop saited fiom the
cobids and 300 was lost in altrstilustion,
Anmalyses of pretein concentrations were
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made by ultraviolet absorption or by the Lowry
method (Lowry et al,, 1951). Both methods
were calibrated with solutions of coconut pro-
tein of known nitregen content, as determined
by Micro-Kjcldulil anulysis. The average error in
determining nitrogen content was 4% by the
Lowry method, and about 20a by ultraviolet
ahsorptior.

In heat coagulation experiments the protein
solutions (aliquots of a stock solution) were
heated tor 10 min, ther covled to room
temperature and centrituged. The amount of
protein remaining in sulutions was taken as a
nieasure of undenatured protein.

Protein <olubility was determined by prepar-
ing approximately 100 suspensions of the pro-
tein in solvent, adjusting the pH of aliquots
the desiced value and  then amtating  for
about ¥ hr at room temperature. The final vl
was read and the suspension centrifuged; then
the dissolved protein content of the aqueaus
phase wus measured.

Viscosity was measursd in Osrvaald Vise
cometer, with the timne recorded to the nearest
enth of 1 second on a stepyateh, The avenae
of at least three measurenents was wed, The
standrrd deviation in measarement of viscosty
was 0,147, The temperature was 20°C,

Amino scid analvees sere performed with
the Beckmun Model 120€ analy ter, St les
were hvdrolyzed in coistunt-boiling HC1 tor 24
fir, under A nittogen Tusy, Cysfers: wis i
lvzed after ovidaten af ey ytoine to evsteie wlid
with performic acid, Try proplian was aalyzad
by the methed of Kolier and Pabrer (1967,
slethionine values weie corrected for the ot
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Fiq, 1- Seplathes G-200 sopration of cacen:t
peotens va o 77 % 5 cm cotumn in 0.95M Nt
butleisd at pH 8.2 with 0.018! foa hia .
Peaks contan 1.6, 850, 13.6% and 0.0 !
tatal protein elet-d fria the cofunm,
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Fig. 2—~Calibration curve for determination of
molecular weignt, calibrated with aldolase (mol
wt 158,000), ovalbumin (mol wt 45,000) and
ribonuclease {mol wt 13,700) on a 2.5 X 90cm
column of Sephadex G-200, with phosphate
buffer (0.4 ionic strength) at pH 6.8. Vg4 was
188 cc.

served destruction during hydrolysis of methio-
nine in arino acid calibration mixtures. Two
completely independently prepared sets of frae-
tions were analyzed and the amino acid 2naly-
ses of each were done in duplicate,

RESULTS & DISCUSSION

A TYPICAL cliromatographic separation
of the coconut protein by Sephadex
G-200 is shown in Figure 1. The second
and third peaks « ntain all but 27 of the
protein cluted from the column. The
second peak is the major protein compo-
nent, containing 84¢% of the total nitro-
gen {by Kicldahl analysis) and the third
peak 147 (average of several separations),
The first peak is caused by lipht scattering
and contains a rather small amount of

,/,

CHARACTERIZATION OF COCONUT PROTEIN FRACTIONS-5

Table 2—Amino acid analyses of protein fractions®

Large mol Small mo! 95% Confidence
Amino acid wt compunent  wt component interval
Lysine 344 5.01 0.14
Histidine 2.20 1.05 0.13
Arginine 14,70 22.03 0.74
Tryptophan 0.89 1.02 0.10
N spartic acid 9.47 2.60 0.21
Threonine 3.29 1.13 0.11
Serine 4.89 1.28 0.09
Glutamic acid 17.94 35.51 047
Proline 3.60 2.17 0.33
Slycine 441 3.13 215
Alanine 4.30 0.59 15
Cystine 0.98 345 21
Cysteine 0.16 0.00 23
Valine 6.06 0.80 0.24
Methionine 2.84 0.37 0.16
Isoleucine 4,12 0.28 0.33
Leucine 8.15 1.94 0.72
Tyrosine 2.87 2.61 0.13
Phenylalanine 5.10 0.66 0.18
Total 99.41 85.63 2,32

81n grams amino acid/16g N

dark-colored protein. The eluant was
0.95M NaCl, buftered at pH 8.2 with
0.01M Nua, IIPO,.

An estimate of the molecular weight
of the protcin compoaents was mads by
Sephadex chromatography. A calibration
curve of volume of elution vs, log of
molecular weight is shown in Figure 2.
The volumes of elution of the two major
protein components were 258 ce and 365
ce, indicating approximate molecular
weights of 1.5 x 105 and 2.4 x 1094, re-
spectively, Vo was 188 ce. More aceurate
molecular weight determinations  were
not undertaken in view of the assumed
heterogeneity of the fractions. Spychalski
(1930) reported a molecular weight of
1.04 x 105 for the main component of

~
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Fig. 3-Dependznce of amount of protein dissoleed on toto! amount of
karge molecular weight compoaent, at pll 6.8, in G, 1 NaCl.

coconut globulin.

The chromatography of the coconut
protein on Sephadex G-200 had been
undertaken as a means of purifying the
coconut profein. However, the neat sep-
aration int¢ different molecular weight
components pronipted us to consider the
propertics of the componznts separately.

Some of the properties of the compo-
nents are summarized in Table 1. ‘The
amino acid analyses, given in Table 2, are
the averages of duplicate analyses on cach
of two independently prepared sets of
samples.

The solubility data presented in Figure

PERCENT UNCOAGULATED

N . L : s
2 4 6 ] 10
MOLARITY NoCl

Fig. 4=Dependence of hea? coagulation on salt
concentiation, for the lirge molecular weight
component, it pH 7.4: (8} 100°C; (n) 85"C;
fa) 720°C. The amount coagulited at 0,51
NaCl was the same far all samples.
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Fig. 5—Dependence of heat coagulation on pH,
for the large molecular weight component, in
0.1M NaCi: (e) 100 °C; (s) 80 °C; (w) 70 °C.
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3 indicace that the high molecular weight
component is not homogencous. If it
were homogeneous, then the protein
should all dissoive 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 solubility. Within the
concentration range of 1--3.5 mg Nfce,
the solubility of the large moleculur
weight components seems (o be adequate-
ly stated by reporting the lraction dis-
solved, s wis done in Figures 6 and 7.

Heat cougalation of the lurge molecu-
lar weight components was at & maximum
at neutral gL low salt concentration and
high temperature, as indicated by Figures
4 and 5. Figure 4 contains isotherms at o
constant pll (7.4), at different salt con,
centrations. Figure 5 contains isotherms
at a constant salt concentration (0.1M),
at ditferent pll values. As might be
expected, nare protein is coagulated al
fow salt concentrations and higher tem-
peratures. Abo, more conzulation oceurs
in the pH range 4--7, whete it is assumed
there is mirinmm charge on the protein,
Peters (1900) reported that the cocoput
proteins were only heat coupulated in the
range pH 3.6--4.0% however lie did not
spevity the solvent used,

The effect of pH oand silt on the
solubility of the high woleculir weipht
compaonents is shown in Fiatires 6 and 7.
The data show that the point ol mini-
mnm solubility ocenrs near pli 3 in 0.1M
NaCl We assume that the isoelectric
point is therefore near pll &, The addition
of salt increases the solubility as shown in
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Fig. 6-Dependence of solubility on pH, for the
large molecular weight component, in 0.10M
NaCl,

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

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

The greater heat stability of the low
molecular weicht proteins could be due
to the relatively large amounts of dicar-
boxylic acids (38.1g/16e N, and basic
amino acids (28.1g/16g N), allowing the
possibility of many intramolecular salt
bridges,  Also, the cystine content s
higher for the low molecular weight
components (345 vs, 0.98g/1op N1 indi-
cating a larger number of stahilizing
disulfide bonds. On the other hand. the
greater solubility of the low molecular
seipitt proteins could reflect the usual
inverse dependence ot solubility on mo-
lecular weight of protein tCohm and
Pdsall, 19430, The differenes in both
solubihty and heat coapudation of the
camponents might also be stiributed to
the larpe ditferences in aliphatic mnina
acids, which are present in very sowdl
amounts i the low molecular weight
components.,

The dependence of heat stability on
pll and salt concentiation means that all
of these warables nuet be comsidered in
fnedicgr the masimom sate temperatune m
the wet provessine, Howeser, the datam
Vronres d aad § indicate that 707C issale
al nearly  all values of plt and salt
concentration,
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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 skown is 0.01M NaCl.
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The values for intrinsic viscosity indi-
cate that the coconut proteins have the
low viscosity expected of globular pro-
teins. Viscosities were measured in 1.OM
NzCl at pH 7, where the protein is ail
dissolved. Under these conditions the
viscosity is very low: however, at lower
valuies of ionic strength, electrostatic fac-
tors should cause a 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 fow silt concentra-
tion. Only half of the high molecular
weight proteins are soluble under such
conditions  This restricted  solubitity
could have significant jinplications in
considering potential tood uses.

In summary, the coconut proteins can
he conveniently classified as either hieh
or low molecular weisht with the bl of
the proteins being of high olecular
weight, The low molccular weight pro-
teins are quite soluble and heat stabie,
The high molecular weight proteins are
heat coarubated at neutrsl pll values and
at fow sl concentrations; however, by
addition of salt and/er adinstment ot pil
they may be rendered nonprecipitable by
temperattires as high as $007€
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