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ABSTRACT

Citron and mandarine seeds flour contained 24,147
and 19.257 protein respectively. Sulfur containing amino
acids were higher in mandarine seeds than that of citron
(6.55 g to 4.39 g/16 gN). Although both seeds were equal
in lysine but, citron was richer in tryptophan and availa-
ble lysine. Water and oil holding capacity and foaming
properties of citron seed flour were superior to those of

mandarine seed. Emulsification qapacity of both seeds was
very close (42.5 and 47.75 ml. oil/g flour) for mandarine
and citron seeds flour respectively. The electrophoresis
pattern showed the presence of 4 (mandarine) and 5 (citron®
bands of protein with different relative mobilities.

INTRODUCTION

New protein sources is the majof task for food scientists and
technologists every where in the world due to the acute shortage if
animal proteins and its high prices. Therefore, proteins from oil-
seeds, legumes and wastes became an 1mpo£tant items, Citrus seed
has an excellent amino acids profile as feported by Braddock and
Kesterson (1972) and Ory et al. (1978). Grapefruit defatted meal
was used to improve the nutritional quality of peanut meal through
blending Ory et al. (1978).

In Egypt the seeds remained from citrus industry have no use
except those of citron that are mainly used as root stocks. However,
the potential application of such seeds in foods should be examined
throughly. Therefore, the nutritional quality, functional proper-
ties and electrophoresis pattern of mandarine and citron seeds flour
were described in this study to give an idea about its possible
utilization in food and food products.
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MATERIALS AND METHODS
Materials:

Preparation of citrus flours: The seeds of ripe mandarine and

citron fruits were obtained from the Faculty of Agriculture Farm at
Shebin El-Kom during 1986 season. The seeds were taken out from

the fruits and air dried at room temperature (25 * 2°C) for two
weeks., After crushing in a blender and removal of the outer fibers
by air aspiration, the grits were used for defatting (12 hr of
successive extractions) in soxhelt apparatus using petrolium ether
as a solvent. The solvent residues were removed by heating at 45°C
overnight in an electric oven, then ground to pass through a 70 mesh
(British Standard Screen) sieve. The citrus flours were kept at

4°C and used for analysis.

Analytical Methods:

Crude protein content was determined by micro-Kjeldahl method
(A.0.A.C., 1980). The factor of 6.25 was used to calculate total
protein. Amino acids methionine, lysine and cystine were determined
microbiologically in the acid hydrolysate according to the method of
Barton-Wright (1952). Alkaline hydrolysis was performed for trypto-

phan determination; Leuconostoc citrovorium was used for Systine and

Leuconostoc mesentroids used for both methionine and lysine estima-

tion. Available lysine was determined according to the method of
Carpenter (1960).

Polyacrylamide gel electrophoresis (PAGE) pattern of mandarine
and citron seed flour proteins was identified by the method of Davis
(1964) in 0.01 M sodium phosphate buffer of pH 7.8 and 7.5 gel.

Amido black (0.5Z in 7.5% acetic acid) was used to stain the resolved
protein bands. However, acetic acid was used for washing and removal
of the free dye. ity
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Functional properties of citrus seeds flour:

Protein solubility profile: The standard method of A.0.A.C.
(1980) was followed using 1 g flour sample in 40 ml solution.
A solutions of 0.1 M of HC1l and NaOH were used to adjust the pH of

the extraction solution.

Water and oil absorption properties: 'The methods of Sosulski

(1962) and Sosulski et al. (1976) were used to measure water and oil
absorption capacity respectively. Distilled water and refined corn
0il were used. The values were -expressed as grams of water or oil
retained by 100 grams of flour sample. The density of corn oil was
considered as 0.9 gm/cm’, :

Emulsification capacity: The method of Yasumatsu et al. (1972)

was used using 2 gm of flour sample and refined corn oil. The emulsi-
fication capacity values were expressed as'ml emulsified oii'per gram

flour.

Foaming properties: The method of Huffman et al. (1975) was

performed. Two grams of flour sample in 50 ml distilled water were
mixed for five minutes in a waring blender and then poured completely
into 100 ml measuring cylinder. The percentage increase in volume
was recorded as foam capacity while foam volume only (Total volume-

liquid volume) at the particular time recorded as foam stability.

All determinations were done in duplicates and the mean value

was recorded.

RESULTS AND DISCUSSION

Protein content and amino acids composition:

The crude protein content of mandarine and citron seed flour
was 19.25% and 24.14% respectively (Table 1). Citron seed flour
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Table (1) :

Total protein and some essential amino acids

content of mandarine and citron seeds flour .

Amino Acid g/16 gN

Citrus seed flour of

Mandarine Citron
Cystine 4.47 3.02
Methionine 2.08 1:28
Total sulfur A.A. 6.55 4.30
Tryptophan : 2.60 3.02
Lysine 4.42 4.88
Available lysine 3.69 4.47
Total E.A.A.™ 13.57 12.20
' Total protein™™% 17.25 24.14
% Total estimated essential amino acids .
=% Calculated on moisture free basis .
Table (2) : Some functional properties of mandarine
and citron seeds flour .
—-S-————_-==—-—_===============:q
| Citrus seed flour of
Functional property ——————
Mandarine Citron
Water absorption g 520/100 g flour 202.0 234.5
0il absorption g 0i11/100 g flour™ 148.5 234.5
Emulsification capacity ml oil/g f1l. 42.5 47.75
Foam capacity (% volume increase) 35 39.0

% The density of oil considerd as 0.9.g/cm3
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protein content is higher than mandarine seed flour by 1.3 times.
However, the nutritional quality of any protein depends upon its
essential amino acids content. Comparing both seeds flour it could
be seen that mandarine seed flour had more sulfur containing amino
acid (cystine + methionine) than citron seed flour. Meanwhile,
citron seed flour was higher in tryptophan; lysine and available
lysine than mandarine seed flour. It is seen that both seeds flour
had almost an equal amounts of estimated essential amino acids

(13.57 g for mandarine seed flour and 12.20 g for citron seed flour).
It is interesting to note that more than 907 of citron seed flour
lysine was in the available form compa}ed to 83% found for mandarine
seed flour. Generally these data agree well with those of Braddock
and Kesterson (1972), and Ory et al. (}978), who reported that citrus
seeds flour has an excellent amino acid profile particularly sulfur
containing amino acids. Based on these data flour of mandarine and
citron seeds could be used to improve/the amino acids pattern of oil
seeds and legumes in food products. The blends of peanut and grape-
fruit seeds flour was reported by Ory et al. (1978). Also, Mostafa
(1987) used orange seed flour with peanut and wheat flour.

Functional properties:

Fig. (1) illustrates the protein solubility index of mandarine
and citron seeds flour at different pH values. Proteins of mandarine
seeds were highly soluble at extreme acidic pH (817 at pH 1.3).
However, the solubility at pH 9.5 was 672 which is fairly lower than
that at acidic pH. The minimum solubility (317 soluble protein) was
observed at pH 5.0. The general shape of mandarine solubility curve
was almost similar to that of other vegetable proteins (Rahma, 1979).
Citron seed proteins solubility was also higher in acidic side than
in alkaline region. There was no sharp minimum solubility pH, but
this was noticed in the range from pH 4 to pH 6. At the isoelectric

.point only 22.57 of protein was in solution, From the solubility
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Fig. (1) Protein solubility curves of citron and mandariae
seeds flour (C, citron M,mandarine).
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point of view both proteins could find a good applications in soft
drinks and acidic beverages to increase and improve the protein
content and nutritional quality of such products.

Citron seed flour showed good water and oil absorption capaci-
ties than mandarine seed flour (Table 2). Although mandarine seed
flour retained more water than oil by 1.4/ times, citron seed flour
showed an equal capacity for absorping and holding both oil and
water. This may give an advantage for utilization of citron seed

flour in some bakery products or as meat extenders.

Emulsification capacity‘of mandarine and citron seeds flour did
not show much difference. Since soluble brotein fraction is the
major factor that affects emulsification %apacity (Kensella, 1976),
no marked changes in the emulsification properties of both samples
are expected.

Foaming properties are presented in Table (2) and Fig. (2).
Citron seed flour showed superior foam capacity, while mandarine
seed flour has very poor foam capacity. Foam capacity of citron
seed flour was 13 times higher than that of mandarine seed flour.
Foaming stability (Fig. 2) at room-temperature also showed the same
trend. It tends to decrease with time of standing but citron seed
flour foam volume was much higher than that of mandarine seed flour
at all the times of standing. The volume of foam after 60 minutes

of standing was 17 ml and 2 ml for citron and mandarine seeds flour
respectively.

Citron seeds flour showed superior functional properties and
higher levels of essential amino acids. This would indicate a pre-
ferential applicability for its use as meat extenders or replacers
and in viscous foods; such as soups, comminuted meats, processed

cheese and bakery products. Also, data reported here on solubility
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Fig. (2) Foam stability (ml) patterns of citron and
mandarine seeds flour(C,citron M,mandarine)
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and foaming properties of citron seeds flour, however, suggest the
use of this flour as a supplement in acidic beverages, such as fruit
juices and fruit-flavoured beverages. It is also necessary to notice
that the bitterness of citrus seeds is an important factor to be
looked into.

Polyacrylamide gel electrophoresis:

Fig. (3) illustrates the PAGE patterns of mandarine and citron
seed proteins. Mandarine seed proteins.showed four bands. The first
is an aggrigate or unsoluble protein fraction followed by two minor
bands. The fast moving protein fraction was the major component in
mandarine seed proteins. The relative mobility of these fractions
are 0.0, 0.08, 0.1 and 0.19 respectively. Citron seed PAGE pattern
(2) revealed the presence of four bands with relative mobility of
0.0, 0.1, 0.19 and 0.26 respectively. The fraction No. 4 was the
ma jor component and almost close to that of mandarine seed proteins.,
To the best of our informations it seems that the electrophoresis
pattern of citrus seed proteins was not reported before except that
of grape fruit seed proteins (Ory et al., 1978).
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Fig. (3) Polyacrylamide gel electrophoresis patterns of
citron and mandarine seeds flour.
(1, mandarine 2, citron).
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