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ABSTRACT : Lentil (fens esculenta) and cow pea (Vigna
unguiculate) were irradiated at doses 5,10,15 and 20 kGy . The effect
of radiation processing was investigated on the chemical composition
, Soluble protein , phytate content , protein efficient ratio (PER) and
short-term rats feeding.

The chemical composition of raw lentil and cow pea did not
affect by radiation processing up to 20 kGy . Both of soluble protein
and phytate content of irradiated samples reduced significantly (P<
0.05) compared with raw (control) . The (PER) of irradiated samples
increased significantly (P< 0.05) at the dose of 20 kGy . Feeding raw
and processed samples up to 20 kGy caused a significant increase in
body weight gain, and increasing in relative liver weight at raw and
processed samples at dose 5 kGy. However, there were no significant
changes in relative kidney, spleen, heart, lungs and tests weight of
raw and processed samples . Hematological results , indicated that
no significant effects could be revealed due to the consumption of
irradiated samples . '

The results suggested that the radiation processing of lentil
and cow pea at dose 20 kGy was successful to reduce the effect
antinutritional factors and upgrade the nutritional value.
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INTRODUTION MATERIAL AND
Legumes are a major of METHODS
dietary protein particularly in  pMaterial
countries that have inadequate )
animal protein (Carpenter, 1970 Lentil (Lens esculenta) and
and El-Niely, 2001). It is used COW pea (Vigna  unguiculata)

successfully in child feeding
programs and food formulations.
However, in some foodstuffs the
utilization of available protein and
carbohydrates are much less than
that calculated from the chemical
composition because of presence
of various antinutritional or anti
physiological substances such as
trypsin inhibitors, phytates etc
(Makkar, et al, 1998 and
Siddhuragu, et al, 2000). Lentil
and cow pea are the important
legumes which contain 25.82%
and  26.68%  of  protein,
respectively The treatment of
foods with ionizing radiation used
to extend the shelf-live, destroy
organisms or preventing sprouting,
killing insects through the storage
period and reduced the incidence
of food-borne diseases (Farkas,
1998 and Molins, 2001)

The objective of this work is
to study the effect of gamma
irradiation on  lentit  (Lens
esculenta) and cow pea (Vigna
unguiculata) on chemical
composition and nutritive value.

samples were obtained from the
Agricultural  Research  Center,
Ministry of Agriculture, Giza,
Egypt. Samples were free from

stones,... etc and were packed in
well-sealed  polyethylene  bags
{(0.25 mm thickness).

Methods

Radiation Treatment;

Lentil and cow pea seeds
were  subjected = at  ambient
temperature o gamma irradiation
from Co-60 source at Nalional
Center for Radiation and
Technology at Nasr City, Cairo,
Egypt using an Indian gamma
Chamber 400A. The applied
radiation doses were 3, 10,15 and
20 kGy delivered at dose rate of
5212 kGy W' as calibrated
according to Melaughiin et al,
{1985) at the time of experimentation,

In vitro studies

Samples were analyzed for
moisture conteni, ash content,
crude fat, crude fiber content and
crude protein according to the
method described in the A.O.A.C.
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(1995). Phytic acid was determined
according to Lopez et al., (1983)

In vivo studies :

Protein efficient ratio (PER}
bioassay:

Male albino rats with an
initial weight of about of 58 g,
were housed individually in plastic
bags with wire mesh boftoms at
room of 25 °C. They were given
g/kg casein protein control diet
(Table 1) and water ad libitum for
one week. Groups of 5 rats were
then assigned to receive one of the
11 experimental diets.

The diets were prepared with
raw and irradiated lintil and cow
pea as outlined in Table (1). Food
intake and body weight changes
were measured regularly over The
next 42 days. The amount of
spilled food was measured and
taken into account in the
calculation of food intake of rate.

Calculation

A weekly record of food
consumption and body weight is
maintained. After 6 weeks the PER
of lentil and cow pea was calculated:

[weight gain (g)]

PER= protein consumed (g)
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The PER values obtained
were corrected by a factor 2.5
times value for the casein standard
(Chapman et 1959 and
A0.AC, 1984).

al,

The blood samples were
then centrifuged at 5000 rpm for
15 min after which blood plasma
could be separated and collected
using pasteur pipettes and frozen
pending analysis were undertaken
of total protein (King and Wootten,
1954) and albumin (Doumas et al.,
1971). Hemoglobin (Hb) estimation
was carried out according to Van
Kampen and Zijlstra, (1961).
Packed Cell Volume (PCV) was
measured using micro haematocrit
centrifuge (Williams et al,, 1972).
Hematological  indices
computed using special calculation
(Dacie and Lewis, 1975).

were

Statistical analysis

The data were subjected to
analysis of variance (ANOVA),
according the general linear
models (GLM) procedure of the
Statistical ~ Analysis  System
Institute, Inc. (SAS, 1987).
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Table (1): Composition of the experimental diets (g kg™ diet).

Ingredients - Diet (g kg )
Casein Lentil Cow pea
Lentil* - 317.3 -
Cow pea’ - - 365.3
Casein 115.0 - -
Corn Qil 80.0 14,7 74.2
Cellulose 10.0 3.6 3.3
Sucrose 125.0 120.2 123.7
Corn starch 560.0 360.0 371.0
Water 50.0 14,1 17.1
Vitamin mix". 10.0 10.0 100
Mineral mix". 50.0 394 33.2
Total 1000.0 1000.0 1000.0

* Raw, irradiation legumes at 5, 10, 15, and 20 KGy were inceroprated at the same ievel.

% The mixture provides the following ( mg/kg ) : Vit. A, 20000 1U; Menadione, 5.0;
Choline, 2000; D-Aminobenzoic acid, 100; Inositel, 100; Niacin, 40, Ca D-
pantothenate, 40; Riboflavin, 8.0 Thiamine, HCL, 5.0; Pyridoxine-HCL, 5.0; Folic
acid, 2.0; Biotin, 0.4; Vit. By, 0.03; Glucose, to make 1000 g.

“The mixture provides the following: 193.3g NaCl; 0.79g KI; 389.0g ki,PO,; 57.3g
MgSO, anhyd.;381.4g CaCO,; 27.0g FaSO,. TH,0, 4.01g MnS0,.H;0; 548g Zn
$0,.7TH20; 0.477g Cu 80,.5 H,0; and 0.023gCoCl,.6 H,0.

RESULTS AND
DISCUSSION

Effect of radiation processing on
the chemical composition of raw
and irradiated lentil and cow
pea :

The results presented in
Table(2) and Table(3) showed that
the chemical composition of lentil
(Lens esculenta) and cow pea
(Vigna unguiclata) have no
significant changes by radiation
processing at dose levels 5, 10,15
and 20 kGy except some changes

in some components that due to
the experimental mistake during
analysis  processing.  El-Niely,
(2001) reported that the chemical
composition of peanut kernels
didn’t  affect by  radiation
processing at dose levels 5, 7.5
and 10 kGy. This results due to
fentil and cow pea contain limited
amount of water 4.88% and 8.62%
respectively, which could not be
easily influenced to be radiolyzed
by irradiation to producing enough
free radicals that could induced
significant changes in chemical
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composition of these samples. In
addition, crude protein and fat are
in a complex matrix of foodstuffs
which take them more resistant to
radiation processing than those in
pure state (Diehl and Scherz,1975
and EL-Niely, 2001) .

Effect of radiation processing on
protein solubility of lentil and
cow pea:

The results presented in
Table (4) reported that the protein
solubility of lentil and cow pea
decreased significantly by radiation
processing at dose levels 5, 10, 15
and 20 kGy. The protein solubility
of lentil was reduced by 6.25%,
6.40%, 625% and 6.01%
respectively. While the protein
solubility of cow pea was reduced
by 6.67%, 6.32%, 6.54 and 6.65%,
respectively compared with raw
samples. These results may be due
to the fact that the irradiation of
globular protein aggregates which
decrease solubility of lentil and
cow pea proteins (EL-Niely,
1996).

Effect of radiation processing on
phytate content of lentil and cow
pea:

The results presented in
Table (5) showed that phytate
content of raw lentil was 0.24
which decreased significantly by
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radiation processing at doses of 5,
10, 15 and 20 kGy by 6.25%,
6.66%, 8.75 and 10.83, respectively.
On the other hand, the phytate
content of raw cow pea was 0.697
which decreased significantly by
1220%, 13.06%, 23.0% and
24.10% respectively compared
with raw samples, as trealed with
5, 10, 15 and 20 kGy,respectively.

Effect of radiation processing on
protein efficient ratio (PER) of
lentil and cow pea:

The results presented in
Table (6) indicated that the (PER)
of raw lentil was 0.660 and
increased by radiation processing
at doses 5, 10, 15 and 20 kGy to
0.683, 0.837, 0.913 and 0.950
respectively. On the other hand,
the PER of raw cow pea was 0.587
which increased by radiation
processing at the same doses to
0.610, 0.627, 0.690 and 0.770
respectively.

The  statistical  analysis
tndicated that the (PER) of rats fed
to raw and irradiated {Lentil and
cow pea) up to 20 kGy reduced
signmficantly compared with those
fed to casein diet (2.017), while
the PER of rats fed to irradiated
samples were higher than those fed
to raw samples.
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Effect of feeding raw and

irradiated (Lentil and cow pea) .

on albino rats performance:
Body weight gain:

The results presented in
Table(7) showed that the total and
daily body weight gain of rats fed
on raw and irradiated (lentil and
cow pea) at doses 5, 10,15 and 20
kGy were lower than those fed to
casein diet. While the total and
daily body weight gain of rats fed
to irradiated lentil and cow pea up
to 20 kGy were higher than those
fed raw samples. These results
explain  that the radiation
processing improved the total and
daily body weight gain as a results
improve the PER and the
reduction of antinutritional factors
present naturally in samples. (EL-
Niely, 2001).

Organ weight :

The results presented in
Table(8) and Table(9) show that
the relative liver weight of rats fed
to raw and irradiated (lentil and
cow pea) at doses 5 kGy were
increased compared with those fed
to casein diet. No significant
changes in relatives liver weight
between rats fed to irradiated ientil
and cow pea at doses 10, 15 and
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20 kGy compared with those fed
to casein diet. However, there are
no significant changes in relative
kidney, spleen, heart, lungs and
tests weight of rats fed to raw and
irradiated (lentil and cow pea) at
doses 5, 10 , 15 and 20 kGy
compared with those fed to casein
diet.

Hematological Parameters :
Hemoglohin (HB) :

The data presented in
Table(10) indicated that (HB) of
rats fed to raw and irradiaied lenti)
at doses 5 and 10 kGy decreased
insignificantly compared with
those fed to casein or irradiated
lentil at doses 15 and 20 kGy.
While, the (HB) of rats fed to raw
and irradiated cow pea at doses up
to 20 kGy had no significant
changes compared with those fed
to casein diet .

Packed Cells Volum, Hematocrite,
(PCV} :

The results presented in
Table (10) show that the (PCV) of
rats fed to raw and irradiated
(lentil and cow pea) at doses 3, 10,
15 and 20 kGy had no significant
effect (P<0.05) compared with those
fed to casein diet.
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Mean Cell Hemoglobin
Concentration, (MCHC):

The results in Table (10)
indicated there are no significant
changes in (MCHC) values of rats
fed to raw and irradiated lentil at
doses 5 and 10 kGy. compared
with those fed to casein diet.
While, the rats fed to irradiated
lentil at doses 15 and 20 kGy were
significantly  higher in their
(MCHC) values than those fed to
casein diet. No significant changes
in (MCHC) values of rats fed to
raw and irradiated cow pea at
doses 5, 10, 15 and 20 kGy
compared with those fed to casein
diet.

Biochemical Parameters :

The data presented in Table
(11) indicate that the total plasma
proteins of rats fed to raw and
irradiated (lentil and cow pea) at
doses 5 , 10 and I5KGy were
significantly lower (P < 0.05) than
those fed to casein diet or
irradiated (lentil and cow pea) at
doses 20 kGy. The statistical
analysis indicated that there were
no significant differences (P <
0.05) between t(otal plasma
proteins values of rats fed to casein
diet and those fed to irradiated

(lentil and cow pea) at doses level
20 kGy.

The results show also that the
total plasma albumin concentration
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of rats fed to raw and irradiated
lentil at doses 5 and 10 kGy were
significantly lower (P<0.05) than
those fed to casein diet. There
were no  significant differences
(P<().05) between plasma protein
concentration of rats fed to casein
diet and those fed to irradiated
lentil at doses 10, 15 and 20 kGy.

While, the plasma protein
concentration values of rats fed to
raw and irradiated cow pea at
doses levels 5, 10, 15 and 20 kGy
were significantly lower (P<0.05)
than those fed to casein diet .
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Table (2): Effect of radiation dose on chemical composition of lentil
(Lens esculenta).

Treatment MO% AS% | EE% CP% | CF% | CA%
Raw 9.88" 2.34" 144" | 25.82° | 5.68 | 54.84""
(control) +0.035 | £0.018 | £0.012 | £0.254 | £0.012 | +0.251
a n 4 c a a
5 KCY 991 234 1.38 2538 5.70 55.29

+0.058 | +0.000 | +0.000 | £0.000 | £0.016 | +0.046
9.54" 225" | 138 | 2582° | 5.62" | 55.39°
£0.121 | £0.066 | £0.012 | £0.251 | £0.012 | +0.284
9.17° 229" | 141" | 26.68" | 5.58° i 54.59""
£0.020 | £0.061 | £0.006 | +0.251 | £0.000 | +0.216

20 kG 9.17° 220" | 137 | 27.56° | 561" | 54.09°
y +0.107 | +0.012 | £0.006 | £0.254 | +0.006 | +0.372

10 kGy

15 kGy

(Mo), moisture; (AS), ash; (EE), ether extract; (CP), crude protein; (CF), crude fiber,
{CA), carbohydrate.

Means within a column, with no common superscript differ significantly (P<0.05).

Table (3): Effect of radiation dose oan chemical composition

of cow Pea (Vigna unguiculata).

Treatment MO% | AS% | EE% | CP% | CT% CA%
Raw 862a | 848 1.62a | 26.68b | 6.42a 52.17a
(control) £0.261 | £0.129 | 0012 | £0.251 | 0011 | ¢ 0.203
S KGY 891a 4.48a 1.58a | 27.56a | 6.25b 5121b
- £0.029 | £0.066 | 0,012 | £0.254 | 0024 | #0303
{0 KGy 8.76a | 4.67a 1.6da | 26.68b | 6.24b 52.00a

+0.026 | £0.228 | £0.000 | £0.251 | £0.011 +0.378
9.04a 4.79a [.56a | 27.56a | 6.64a 50.5%a-h

+0.006 | £0.032 | £0.058 | +0.254 { +0.048 +0.127
8.96a 4.87a 1.55a | 27.93a | 6.44a 50.05¢

+0.035 | 20.075 | £0.009 | +£0.040 | +0.000 +0.174

15 Gy

20 kGy

(Mo), moisture; (AS), ash: (EE), ether extract; (CP), crude protein; (CF), crude fiber; (CA),
carbohydrate,

Means within a column, with no common superscript differ significandy (P<0.05).
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Table (4): Effect of radiation dose on soluble and insoluble protein of lentil
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(Lens esculenta) and cow pea (Vigna unguiculata).

Lentil Cow Pea
Treatment Soluble Insoluble - Ensoluble
protein% protein®o Soluble protein% protein%
Raw 6.853 18.967° 6.860" 19.82°
{control) +0.029 +0.244 +0.023 +0.240
6.249° 19.13° 6.673° 20.88%
SkGY £0.029 £0.029 10,006 +0.254
10Kk 6.398" 19.41¢ 6.322° 20.36%
Y +0.009 +0.242 +0.007 +0.244
1SKG 6.249° 20.43° 6.537° 21.39*
Y £0.029 +0.266 £0.041 +0.059
6.014° 21.54 6.647" 21.28"
20 kGy +0.072 £0.190 £0.038 £0.0593

Means within a column, with no common superscript differ significantly (P<0.05).

Table (5): Effect of radiation dose on phytate content of lentil (Lens

esculenta) and cow pea (Vigna ungiculata).

Treatment Lentil Cow pea
Raw 0.240*+0.001 0.697" +£0.000
5 kGy 0.225° £0.000 0.612° 0,001
10 kGy 0.224° £0.001 0.606° £0.000
15 kGy 0.219" +0.000 0.537° £0.001
20 kGy 0.214° £0.000 0.5297 +0.001

Means within a column, with no common superscript differ significant (P<0.05).
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Table (6) : Effect of radiation dose on (PER) of lentil (Lens esculenta)

and cow pea(Vigna ungiculata).

Treatment FER
Lentil Cow pea

Casein 2.017*£0.042 2.0172£0.042
Raw 0.660°+0.021 0.587°+0.037

5 KGy 0.683°+0.032 0.610°+0.035
10 KGy 0.837°+0.430 0.627°£0.015
15 KGy 0.913°+0.860 0.690% +£0.035
20 KGy 0.950° +0.042 0.770°+0.020
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Means withina column, with no common superscript differ significantly (P<0.05).

Table (7): Performance of rats fed on casein (reference) and
containing row and irradiated lentil (Lens esculenta) and

cow pea (Vigna unguiculata).

Treatment lentil cow pea
Total Gain (g) | Daily Gain (g) | Total Gain (g) | Daily Gain (g)
Casein 104.82" £20.236 | 2.50°+0.482 | 9477°£16387 | 2.26"0.390
Raw 52421836 | 125°+0044 | 69.98°+2322 | 1.67" 0.055
5 kGy 61.02° +3.827 145740044 | 59.44° 253819 1.42°10.138 |
10 kGy 58.42° £2.155 1.45°+0091 | 7964 +6872 | 190%™ £0.164
15 kGy 65.70° +£2.628 1.39° £0.051 | 82.90™ £14.005 | 1.97% +0.335
20 kGy 73.0° £12.707 1.56° +0.062 | 84.66™ +4.472 | 2.02% £0.106

Means within a column,with no common superscript differ significantly (P<0.05).
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Table (8): Average relative organ weight for rats fed on casein
(reference) and diets containing raw and irradiated
lentil (Lens esculenta).

olr::iertis Liver Kidney Spleen Heart Lungs Tests
Casein 3.875" 0.8525" 0.205° 0.360" 0.410° 1.075"
+0.196 +0.043 £0.022 | +0.015 { +0.027 | 20074

Raw 4.662° 0.892° 0212" 0.354* 0.418 1.008"
+0.152 +£0.022 £0.011 | 20017 | £0.027 | 0058

5KCY 4.526" 0.858" 0.206° 0.358" 0.412 0.934°
+0.036 +0.040 £0.015 | +0.018 | #0012 | £0.028

10 KGy 3.918" 0.856" 0.196" 0.386" 0.466° 1.034%
£0.091 40.053 £0.005 | +0011 | 20015 | +0.058

15 kGy 4.058" 0.824* 0.198° 0.348° 0.440* 0.930*
£0.072 | +0.027 £0.006 | +0.009 | 0008 | =0.018

20 kGy 4.005" 0.852" 0.188° 0.365" 0.438 0.968"
£0.119 +0.030 +0.006 | 0013 | 20008 | +0.051

Means within a column, with no common superscript differ significantly (P<0.05).

Table (9): Average relative organ weight for rats fed on casein and diets
containing raw and irradiated cow pea (Vigna unguiculata).

Diets Liver Kidney Spleen Heart Lungs Tests
orgines
Casein 3875° 0.852° 0.205" 0.310° 0.375" 0.660°
+0.196 +0.043 +0.022 +0.015 +0.013 | 20.073
Raw 4.504° 1.074* 0.168* 0316 0.478" 1.075°
£0.103 +0.066 £0.010 +0.015 £0.087 | +0.074
5 KGY 4.430° 1.004™ 0.182° 0.354° 0.462° | 0.766% |
+0.152 +0.037 £0.014 +0.004 £0,032 | +0.134
W0 KG 3.924° 0.902° 0.192° 0.334* 0420 | 0.776"
Y1 £0.158 +0.063 +0.015 £0.010 | 20011 | +0.080
s KG 3.760° 0.888" 0.175° 0.340" 0.428° | 0922®
Y1 10.081 +0.038 10013 | 20004 | 20014 | +0.162
20 KG 3762 | 0936™ 0.186" 0.342° 0.390° 0.866"
Y1 40,148 £0.033 0010 | 0026 | 0023 | +0.142

Means within a column, with no common superscript differ significantly (P<0.05).
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Table (10): Effect of radiation processing on raw and irradiated
lentit (Lens esculenta) and cow pea (Vigna unguiculata)
fed to albino rats on some hematological parameters.

Diet | Lentii Cow pea

degines | HBgar' | Pev | MOIS | upgart | poves | MCHC
] 12227 1774638 26.42° 12377 | 4407 | 29527

Casein +0.413 +1.344 1,111 +0.414 +0.515 | +0.674

Raw 9.88° 4410 20.80° 12.20° 42907 | 27.68°

+1.107 +0.187 +1.947 | 40336 | 0714 | +0.888

5 KGY i1.54" 45.50" 75.63° 13.29" 4340 | 30.607

+0.927 +2.000 +7.562 +0.494 | 20400 | +0.966

19 kGy 104a° 44 507 23447 13797 43407 1 3039

+0.399 +0.387 +1.818 40459 | 40400 | +0.986

15 kG 14.30" 47507 32.43° 1267 4388" | 27.80°

Y | £0.399 +2.356 40.956 10.407 | 40.625 | +0.510

20 KG 14347 44 88" 3207 13.02° 4350" | 29.90"

Y | +0.833 +0.718 12.293 +0.588 | +0.806 | +0.957

Means within a column, with no commeon superscript differ significantly (P<0.05).

Table (11): Effect of radiation processing on plasma protein of rats
fed row and irradiated lentil (Lens esculenta) cow pea
(Vigna unguiculata).

lentil cOwW pea
Treatment = :

Tota; 5;'-?“"' Ag‘:]Tll" Total protein Abumin

Casein 4.710" 3813° 4.410° 3.813°
+0.122 +0.128 +0,122 +2983

Raw 3.400° 2330° 3.547° 2.98%
+0.006 +0.190 +0.074 +0.034

5 KCY 4.323° 2910° 4030 3.200™

+0.037 +0.070 +0.095 +£0.155

(0 KGy 4227 3.287% 4.183" 3.250™

+0.013 +0.352 0,029 +0.067

15 XC 4313° 3.463% 4.240° 3.157%

*y +0.038 +0.058 +0.203 40019

20 kGy 4.580" 3477 4.330° 3333

+£0.105 +0.142 +0.080 +0.039

Means within a column, with no common superscript differ significantly (P'<0.03).
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