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found to be an efficient method of removing the antinu-
tritional factors in Citrullus seeds.

Experiment 3. Results of experiment 3 indicate that
feeding whole Citrullus seeds is not as growth depressing
as feeding the meal. Feeding up to 15% seeds in the diet
had no significant effect on growth. Birds consuming
10-15% Citrullus seeds consumed significantly more feed
than the controls, and as a result feed efficiency was sig-
nificantly reduced. In a previous report {Sawaya et al.,
1983) it was shown that the oil extracted from Citrullus
seeds was free from any antinutritional factor and in fact
was equal in its nutrient value to corn oil when fed to
growing chicks,

Experiment 4. Results of experiment 4 confirm the
findings of experiment 3 and show no significant differ-
ences in growth, feed consumption, or feed efficiency of
chicks consuming up to 20% Citrullus seeds in their diet.
However, it is not recommended that Citrullus seeds be
fed at such high levels in practical poultry formulations
since this brings up the fiber level of the ration to over 10%
and thus reduces feed utilization drastically. They can
easily be incorporated in broiler rations at levels of 5-10%
of the ration if all nutrients are kept constant. On the basis
of data presented in this study, the undecorticated seed
as well as the meal contain significant amounts of protein,
oil, and ash but a lower amount of nitrogen-free extract.
Although both the seed and meal contain substantial
amounts of protein, the crude fiber content of both the
seed and meal is high. Consequently, the seed would have
to be decorticated prior to extraction or the meal processed
further to make it more suitable as a stock feed. Purified
protein can be isolated from such products for possible use
in human food formulations. However, the meal contains
certain growth-depressing factors for chicks, and more
studies are needed to determine the detoxification pro-
cedure in order to exploit the full potential of C. colo-
cynthis seed protein. These seeds are reported to be
heavily consumed by humans in some African countries
(Afolabi et al., 1985), and processing prior to consumption
is regarded as the possible way for detoxification.

Registry No. Na, 7440-23-5; K, 7440-09-7; Ca, 7440-70-2; Mg,
7439-95-4; P, 7723-14-0; Fe, 7439-89-6; Zn, 7440-66-6; Cu, 7440-
50-8; Mn, 7439-96-5.
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Isolation and Characterization of the Major Fraction (2S) of Madhuca

(Madhuca butyraceae) Seed Proteins

T. Shanmugasundaram and L. V. Venkataraman*

A method is described for isolating the major protein of Madhuca seeds in a homogeneous form. Its
Saow value was found to be 28. It contains 4.1% carbohydrate and no phosphorus. The 28 protein consists
of at least two subunits. Circular dichroism measurements indicate that this protein consists of 35%

« helix, 38% § structure, and 27% random coil.

Madhuca (Madhuca butyraceae) {family Sapotaceae)
is a minor oil seed of tree origin in India. The seed con-
tains about 5-8% protein and 50~-60% fat, which is being
used in soap and cosmetic industries. the defatted flour,

Central Food Technological Research Institute, Mysore
570 013, India.

0021-8561/86/1434-0288%01.50/0

though a good source of protein, is not edible due to the
presence of saponins (Wealth of India, 1952). In this
laboratory, we have undertaken a systematic study on
Madhuca seed proteins to obtain information on their
chemical, physicochemical, nutritional, and functional
properties.

Madhuca seed protein consists of three fractions with
Sy0.w values of 28, 108 and 158 (Shanmugasundaram and

© 1986 American Chemical Society









J. Agric. Food Chern. 1986, 34, 291-297 291

(Figure 6), suggesting that the contribution of tryptophan
is greater than that of tyrosine (Teale, 1960).

CD Spectrum. The CD spectrum of the protein in the
region 200-260 nm is given in Figure 7. It consisted of
a shoulder at 208 nm and minimum at 224 nm. Calculation
of the « helical content of the 28 protein from its ellipticity
value at 208 nm using the equation of Greenfield and
Fasman (1969) showed the value to be 35%. When the
proportion of the 3 structure was estimated by the method
of Sarkar and Doty (1966) taking a mean residue ellipticity
value of 23000° em?/dmol at 218 mm for 100% S struc-
ture, the proton was found to contain 38% g3 structure.
Thus, the major structures appeared to be « helix and 8
structure. Many other low molecular weight vegetable
proteins are known to consist predominantly of o helix and
8 structure (Schwenke et al., 1973; Madhusudhan, 1984).
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Hydrolysis of Poly-L-methionyl Proteins by Some Enzymes of the

Digestive Tract

Hubert F. Gaertner and Antoine J. Puigserver*

Polymerization of L-, [35S]-L-, and D,L-methionine on casein by the N-carboxy anhydride method allowed
us to prepare protein derivatives in which 50-70% of the lysyl residues were acylated by methionine
polymers of an average chain length of 5-12 residues. In vitro digestibility of resulting poly-
methionylcaseins was investigated by successive incubation with pepsin, pancreatic endopeptidases, and
intestinal aminopeptidase and subsequent amino acid analysis of hydrolysates. Methionine was readily
released from covalently attached polymers although hydrolysis was significantly decreased with increasing
chain length. Hydrolysis of casein itself was independent of the extent of modification of the lysyl residues
whereas D,L-polymethionine chains were not well hydrolyzed. Analysis of peptic and chymotryptic
hydrolysates using high-performance liquid chromatography showed that trimethionine and comparable
amounts of di-, tri- and tetramethionine were released by each of the corresponding enzymes, respectively.
These peptides were in turn good substrates for intestinal aminopeptidase. Polymethionyl proteins
must therefore have potential nutritional applications.

INTRODUCTION

The methionine content of various food proteins has
recently been shown to be enhanced by covalent attach-
ment of poly-L-methionine through the N-carboxy anhy-
dride method (Puigserver et al., 1982; Gaertner and
Puigserver, 1984a). Protein a- and e-amino groups are
known to act as initiators in the polymerization of N-
carboxy-a-amino acid anhydrides, leading to the formation
of protein derivatives in which a number of poly(amino
acid) chains of variable length are covalently attached to
some of the lysyl residues (Glazer et al., 1962; Wellner et
al., 1963). By contrast, the N-hydroxysuccinimide ester
method resulted in the exclusive formation of a single
isopeptide bond between each lysyl e-amino group and the
amino acid (Puigserver et al., 1979a).

The N-carboxy anhydride method has the obvious ad-
vantage of considerably increasing the amount of cova-
lently linked amino acids even in proteins with low lysine
levels. However, since as much methionine as 30% of

Centre de Biochimie et de Biologie Moléculaire du
CNRS, 13402 Marseille Cedex 9, France.

casein weight could be covalently attached in the form of
polymethionine of an average chain length of 8 residues,
solubility of the protein derivative was drastically de-
creased (Gaertner and Puigserver, 1984a). Initial rates of
hydrolysis by a-chymotrypsin and trypsin in vitro were
decreased as compared to untreated casein, probably be-
cause of both steric hindrance preventing an efficient
hydrolysis of the polypeptide chain and the presence of
acylated lysyl residues inhibiting trypsin action. All these
findings might suggest that covalent attachment of poly-
methionine chains to casein would result in a significant
decrease of the overall digestibility of the protein deriva-
tives in vivo. It was therefore important to test this hy-
pothesis to see whether or not such a procedure was of
value in improving protein quality.

The aim of this study was to determine in vitro diges-
tibility of casein modified by using the N-carboxy anhy-
dride method under different experimental conditions and
subsequent availability of the polymerized methionine. To
determine the hydrolytic processes for covalently linked
polymethionine chains, digestions with a number of in-
dividual enzymes were carried out and the resulting data
compared to those previously obtained with the synthetic
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