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Abstract: The present study was carried out to investigate the protective effect of cooked soybean, cooked
lentils, sesame seed, pumpkin seed, molasses and mixture of them (soybean + lentils + sesame seed + Pumpkin
seed powder + molasses) with ascorbic acid on iron deficiency anemia. Fifty four Sprague Dawely rats were
divided into nine groups (6 rats each). The first group of rats fed on basal diet (control group). The second
group of rats fed on iron free diet (anemic group). The third group fed on iron free diet supplemented with
35mg/kg ferrous sulphate (FeSO4) with ascorbic acid. The groups of rats from 4 to 9 fed on iron free diet
supplemented with cooked soybean, cooked lentils, sesame seed and pumpkin seed powder without hull,
molasses and mixture with ascorbic acid for 13 weeks. All seven iron sources provide 35mg/kg diet. Iron free
diet (iron deficiency anemia) caused significant decrease P<0.05 in body weight gain, feed intake, hemoglobin
(Hb), hematocrit (Hct), mean corpuscular value (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), red blood cell (RBC), white blood cell (WBC) and serum iron. Also, iron
deficiency  anemia  caused  significant  increase in Platelet count (PT) and total iron binding capacity (TIBC).
Rats fed on iron free diet (IFD) supplemented with seven iron sources revealed significant increase in Hb, Hct,
MCV, MCH, MCHC, RBC, WBC, serum iron and significant decreased in PT and TIBC. Rats fed IFD
administration ferrous sulphate with ascorbic, molasses with ascorbic and mixture with ascorbic were the most
effective to increase previous parameters and decrease PT and TIBC. Meanwhile, rats fed IFD supplemented
with cooked lentils were the lowest effect to increase these parameters. Iron deficiency anemia lead to reduction
of iron concentration in liver, kidney, spleen and brain (19.60, 14.43, 60.97 and 2.08 mg/100g), compared to the
control group (38.373, 23.93, 130.60 and 13.89 mg/100g), respectively. Administration soybean, sesame, pumpkin,
molasses, mxture and FeSo4 with ascorbic acid correct myeloid erythroid ratio in bone marrow and revealed no
histopathological changes in brain structure. Meanwhile, IFD caused necrosis of neurons, eosinophilic
neurons, neuronophia of neurons and cellular edema. It could be concluded that using mixture from legumes,
cereals and molasses with ascorbic acid and molasses with ascorbic acid have protective from iron deficiency
anemia and equivalent to FeSO .4
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INTRODUCTION in the total amount of hemoglobin or the number of red

Iron deficiency anemia (IDA) is most common blood cell. Iron deficiency anemia is typically caused by
nutritional disorder in the world and a major problem in inadequate intake of iron, chronic blood loss, or a
developing countries especially in Egypt. Anemia affects combination of both [5, 6]. WHO defines anemia as
population and is concentrated in preschool aged children hemoglobin  below  13 g/dl  in  men  over  15 years,  blew
and women, making it a global health problem [1, 2]. It is 12 g/dl in non-pregnant women over 15 years and 11 g/dl
an important public health problem in both developed and in pregnant women [7]. In developing countries, over 50%
developing countries [3, 4]. Anemia is defined a decrease of  pregnant women are anemic [3, 8] as are 46% to 66% of

blood cells. Iron deficiency anemia is a form normal red
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hildren under 4 years, with half attributed to iron Pumpkin seeds (Cucurbita spp.) are rich in mineral,
deficiency [9]. In the United States, the prevalence dietary
iron deficiency has markedly declined in infants in the last
30 years. In Egypt, the prevalence of anemia is 48.5% in of
preschooler (0.5- 4.99 years) [10]. IDA can caused
development  delay  and  behavioral  delays in children
[11], lower in cognitive, motor, social-emotional and
neuro-physiologic development [12] and striking
behavioral change are observed, such as reduced
attention span, reduced emotional responsiveness and
low scores on tests of intelligence [13]; effect on
resistance of infection and association with mortality in
infants younger than 2 years. IDA has negative effects on
work capacity and on motor and mental development in
infants,  children,  adolescents,  fertile women, pregnant
and the elderly [14]. Poor diet containing high phytate,
low ascorbate, high polyphenols, low amount of available
iron lead to iron deficiency anemia [13]. Food that are
good sources of iron include dried beans (such as lentils,
kidney beans  and  chickpeas),  dark  green vegetable
(such as spinach), dried fruits, blackstrap molasses,
pumpkin seeds, sesame seeds, soybean and cereals.
Another tip, vitamin C facilitates the absorption of iron
[15].

Soybean is an abundant, economic source of protein.
Whole soybeans are a good source of iron, calcium, zinc,
phosphorus, magnesium, thiamin, riboflavin, niacin and
folacin. Several studies focused on role soybean as
hypocholestterolemic [16], anticarcinogenic [17] and the
ability of soybean to lower the risk osteoporosis [18].
Lentils  (Lens culinaris)  contained  an average of 24.1%
protein, 4.3% fat, 55% carbohydrate, 4.7% crude fiber,
2.7% ash, 1.03% tannins and 355 kcal/100g. The lentils are
rich in iron and other mineral. The average contents of
calcium, phosphorus, iron, zinc, manganese, copper and
phytate  were   190.1,   282.9,   9.6,   6.1,    3.4,    2.3   and
164 mg/100g.  The  lentils  are  rich  in  iron  ranged  from
9- 10.1mg/100g [19]. Sesame seeds (Sesamum indicum L.)
is very good source of manganese and copper, but they
are also a good source of iron, calcium, magnesium,
phosphorus, vitamin B1, zinc [20].. Sesame seeds have
been used as a health food for disease prevention in
Asian countries for several thousand years. In vitro and
animal studies have shown that sesame seed is rich
source of mammalian lignin precursors, which may have
protective effect against hormone- related disease such as
breast cancer, sesame oil inhibition human colon cancer
[21], hypocalestrolemic effect [22], antioxidant [23],
antibacterial activity of sesame peptide [24] and sesame
oil used as antidiabetic [25].

calories and protein. Pumpkin seeds are a concentrated
source of iron, zinc and magnesium and contain omega-6
and omega-3 fats. Pumpkin seeds add a great crunch to
salads and may be sprinkled on rice dishes' or sautéed
vegetables [26-28]. Pumpkin seed, pumpkin oil and
pumpkin  extract  improve  insulin regulation in animals
[29], Pumpkin seed extract and oil used in treatment of
benign  prostatic  hyperplasia  [30] and antioxidant and
anti-inflammation [31].

Molasses is a byproduct created when sugar cane is
processed into table sugar. It is a dark, thick sweetener
and strong the taste., it contains trace amount of vitamins
(vitamin B1, B6, Biotin and pantathanic ) and many
elements is very low consent ratio (0.59ppm cobalt, 3ppm
barium and 34 ppm zinc and 18 ppm manganese).
Molasses is very good source of iron (0.35 µg/g)
particularly for menstruating women, who are more for
iron deficiency boosting iron stores [20, 32, 33]. Sugar
cane  molasses  is  a rich source of antioxidant materials
[34, 35]. Iron supplementation, such as ferrous salts
(ferrous sulphate and ferrous gluconate) is considered the
most common strategy currently to combat IDA.
However, such treatment has been associated with
adverse effects constipation, diarrhea, nausea and
decrease growth [36, 37].

Therefore,  the  aim  of  this  study   was to
investigate  effect    some    of   cooked   legumes
(soybean  and  lentils),  cereal  without  hull  (pumpkin
seed  and  sesame),  molasses  and  mixture of them
(cooked  soybean,   cooked  lentils,   sesame  seed,
pumpkin seed powder without hull, molasses) with
ascorbic acid to preventing of IDA compared to FeSO  in4

male rats.

MATERIALS AND METHODS

Materials: Ferrous sulphate, all of mineral were obtained
from Gomhoria Chemical Company, Egypt. Kits of iron and
total iron bending capacity analysis obtained from
Biodiagnostic Company, Egypt. Soybean seed, sesame
seed, pumpkin seed, lentils, molasses were obtained from
local market in Cairo, Egypt.

Preparation  Soybean  and  Lentils  for  Cooking:
Soybean  seed  and  lentils  were  soaking   in   water  for
12 hours and change water every one hour, after that
soybean  and  lentils  cooking  with  pressure cooked for
15 min.



World Appl. Sci. J., 23 (6): 795-807, 2013

797

Determination Iron Concentration in Cooked Soybean, Each rat was weighted at the beginning and the end
Cooked Lentils, Sesame Seed, Pumpkin Seed, Molasses of the experimental and feed intake also was recorded
and Mixture: Iron concentration of cooked soybean, daily and calculate feed efficiency ratio. At the end of the
cooked lentils, sesame, pumpkin seed powder, molasses experimental, rats were fasted overnight and anesthetized
and mixture were determination according the method by using diethyl ether and venous blood samples were
AOAC [38]. collected from orbital in two glass, one was containing

Animals: Fifty four male Sprague- Dawely albino rats hematology and the blood in the second tube was used to
weighing 79.67 ± 6 g aged 35 days (1 week after weaning) separation of serum in centrifuge at 3000 rpm for 10 min
were obtained from Animal House Ophthalmic Institute which  is  kept  at  -20°C  until  analysis.  Then organs
Academic Research, Giza, Egypt. The animal housed (liver, kidney, spleen and brain were separated by careful
individually in plastic cages under controlled condition at dissection and weighted, after that freezing until analysis
constant temperature (22°C) and lighting (12 light- dark and brain kept in 10% formalin for histopathology
cycles) and given free access to food and water at all time. evaluation.
The rats were divided randomly into nine groups. Six rats
each and were fed on the following diet for 13 weeks: Biochemical Analysis: Blood sample were assessed for

Group 1: Rats fed on basal diet (control group), standard value (MCV) and mean corpuscular hemoglobin (MCH).
diet was prepared according to Reeves et al. [39] which Mean corpuscular hemoglobin concentration (MCHC) red
containing 14% casein, 5% cellulose, 1% vitamin mixture, blood cell (RBC), white blood cell (WBC) and Platelet (PT)
3.5% salt mixture, 0.3% DL- methionine, 0.25% choline by UDL- HMI automatic hematology analyzer according
chloride, 7% corn oil and 68.95% starch. to the method by Feldman et al. [41].

Group 2: Rats fed on basal diet free from iron (anemic Serum Total Iron and Total Iron Bending Capacity
diet) (salt mixture, were prepared according to AIN [40]. (TIBC): Serum total iron concentrations was

Group  3:  Rats  fed  on  iron  free  diet  +  sufficient iron Harris [42] and TIBC were determined according to
(35 mg ferrous sulfate) + 2% ascorbic acid. Piccardi et al. [43].

Group 4: Rats fed iron free diet (IFD) + 181.34 gram Determination of Total Iron Concentration in Organs:
cooked soybean (providing 35mg iron) + 2% ascorbic Total iron concentration was determined in liver, kidney,
acid. spleen and brain by atomic absorption spectroscopy

Group 5: Rats fed on IFD + 437.5 gram cooked lentils
(providing 35 mg iron) + 2% ascorbic acid. Bone Marrow Evaluation: Bone marrow of rats were

Group 6: Rats fed on IFD + 343.13gram sesame seed evaluate cellularity and percent of Erythroid cell: Myeloid
(providing 35 mg iron) + 2% ascorbic acid. cell according to the method by Harvey [45].

Group 7: Rats fed on IFD + 126.86gram pumpkin powder Manual Determination of Neutrophile, Lymphocytes and
seed without hull (providing 35 mg iron) + 2% ascorbic Monocytes Count: Blood smears were made from a drop
acid. of EDTA-treated blood, dried in air and stained on slide.

Group 8: Rats fed on IFD + 466.6 gram molasses leukocyte was assigned to one of the following
(providing 35 mg iron) + 2% ascorbic acid. categories: lymphocytes, monocytes and neutrophile and

Group 9: Rats fed on IFD + 209.20 mixture (soybean +
sesame + lentils + pumpkin + molasses) (providing 35 mg Histopathological Assessment of Brain: At necropsy,
iron) + 2% ascorbic acid. brain  was  fixed  in  10%  buffered  formalin  until analysis.

non angulated material (EDTA) for determination blood

hemoglobin (Hb), hematocrit (Hct), mean corpuscular

determination  spectrophotometry  by  the  method of

according the method of Georgy [44].

carefully separated from bone femur and put in slid to

The slide was examined under microscopy. Each

counted according to the method by Skrajnar et al. [46].
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Tissue of brain was routinely processed for paraffin increase P<0.05 of final body weight and body weight
embedding and sections were prepared and stained with gain, feed intake and feed efficiency ratio. Our results
sent issues of control group and treatment. approved by El-Sheikh [56] and Soliman et al. [2] reported

Statistical Analysis: The results obtained were analyzed thyme) induced significant increase in final body weight,
using SPSS (version 18). All of results are presented as feed  intake  and  feed  efficiency  ratio   of  anemic rats.
mean ±SD. A one way ANOVA was employed for The rats fed on iron free diet supplemented with sesame
comparison among the groups. Post-hoc multiple seeds and pumpkin seeds as sources of iron were the
comparison tests of significant differences among groups most increasing in body weight gain (241.83 and 231.5 g),
were determined. A 5% level of probability was used to respectively  compared  to    control   group   185.83g.
define different as significant [47]. These results may be due to sesame seed and pumpkin

RESULTS AND DISCUSSION accordance  with  those  obtained  by  Glew  et al. [28],

Table 1 shows iron concentration in cooked soybean, protein and lipid source. Yamashita et al. [57] mentioned
cooked lentils, sesame seed and ground pumpkin seed that the sesame seeds contained more than 40% fat and
without hull, molasses and mixture of them. The results 0.6% alpha linolenic acid.
revealed  the  iron  concentration  in  pumpkin  seed The tissue weight of rats each group is shown in
powder was the highest (27.59mg/100g) followed by Table 3. There are no significant differences observed in
soybean, sesame, mixture and lentils (19.31, 18.54, 16.73 spleen,  heart,  kidney  and liver weights of rats fed iron
and 8 mg/ 100g) respectively. These results are in free diet and control group. These results were in
agreement with those obtained by Khan et al. [19], accordance with the results obtained by Radwan et al.
Ensminger and Esminger [20], Teclu et al. [33] and Naghii [58], who stated that there were no significant differences
and Mofid [48], they reported that cooked lentils between liver, kidney and spleen weight in groups of rats
containing 9.6 mg/100g iron, pumpkin seed is a good fed with iron deficiency diet and control group.
source of iron 15.7% and molasses is very good source of Meanwhile, iron free diet showed reduction in brain
iron 0.35µg/g  iron. Our results were more than with the weight (1.267g) compared to the control group (1.300g).
results obtained by Sawaya et al. [49] and Venter [50], Administration all of iron sources improved brain weight.
who  mentioned  that  roasted  sesame  seed  containing The decrease in brain weight may be due to iron
7.2 mg/100g iron and iron concentration in dray soybean deficiency in diet in early stage (development) decreases
5.1mg/100g iron. Data in Table 2 revealed that the body of brain growth sequence brain weight. These results
weight of the experimental rats at the beginning showed approved by Felt et al. [59], who reported that the early
no significant differences. Meanwhile, showed significant iron deficiency anemia lead to lower in brain weight than
decrease p<0.05 in final body weight and body weight control group. Date presented in Table 4 revealed that the
gain, feed intake and feed efficiency ratio of rats fed iron rats fed iron free diet had significantly lower p<0.05 in
free diet (IDA group 2), which recorded 202.33, 120, 442.5 blood Hb concentration, Hct, RBC count, MCV, MCH and
g and 0.271 respectively compared to control group fed MCHC. The decrease in hemoglobin may be due to iron
basal diet which recorded that (271.5, 185.83, 542.2g and plays an important role in production of hemoglobin.
0.343), respectively, it suggesting that iron is important for These results are in agreement with those obtained by
animal growth, as reported previously [51]. This decrease Wians et al. [60] and Soliman et al. [2], who reported that
in body weight observed in iron deficiency anemia rats iron deficiency anemia caused significantly decrease in
may be due to lower plasma thyroid hormone levels [52]. Hct, RBC count, MCV, MCH. Also, Yun et al. [61]
These  results  are  in  agreement    with   those  reported reported that mean Hb of rats which intake of the AIN76A
by Soliman et al. [2], Beard et al. [53], Huh et al. [54], Fe-deficient diet were decrease compared to the control
Gunha et al. [55] and EL-Sheikh [56], they indicated that group. Feeding rats of iron deficiency diet supplemented
rats administration of iron deficient diet caused a with soybean, lentils, sesame, pumpkin seeds, molasses
reduction in final body weight, body weight gain, food and mixture of them as a sources of iron lead to
consumption and feed efficiency ratio. Administration significantly increase of Hb, Hct, RBC, MCV, MCH and
iron sources (FeSO , soybean, lentils, sesame, pumpkin, MCHC. Rats feeding of iron free diet supplemented4

molasses and mixture of them) lead to significantly ferrous sulphate (group 3), molasses (group 8) and mixture

administration of iron sources (FeSO4, soybean and

containing high level of fat. These results are in

who reported that the pumpkin seeds flour is a good
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Table 1: Iron concentration in soybean, lentils, sesame, pumpkin seeds, molasses and mixture of them 

Samples Iron concentration (mg/100g)

Cooked soybean 19.31

Cooked lentils 8.00

Sesame seed 18.54

Pumpkin seed 27.59

Molasses 7.51

Mixture 16.73

Table 2: Effects of soy, lentils, sesame, pumpkin seeds, molasses and mixture of them on body weight, feed intake of iron deficiency anemic rats

Groups *IBW (g) Mean±SD FBW (g) Mean±SD •BWG (g) Mean±SD †FI (g) weekly Mean±SD ‡FER

1-Control 85.67±1.63 271.5±11.1 185.83±11.8 542.2±53.8 0.343±.043a  ab  bc  a  bc

2- Iron deficiency anemia 82.33±1.16 202.33±5.9 120±5.8 442.5±14.70 0.271±0.047 a  c  d  d  d

3 -Ferrous sulphate + 2% ascorbic acid 79.67±2.94 255.3±3.2 175.65±6.65 518.0±47.4 0.339±0.059 a  a  c  ab  bc

4- Cooked Soybean + 2% ascorbic acid 82.33±4.4 266.5±4.8 183.67±6.8 522.7±50.3 0.351±0.033 a  ab  c  ab  ab

5- Cooked lentils + 2%ascorbic acid 82.50±2.73 263.67±6.5 181.17±7.8 527.2±32.8 0.344±0.049 a  ab  c  ab  bc

6- Sesame seed + 2% ascorbic acid 82.50±2.92 297.3±27.9 214.83±6.9 545.5±21.3 0.394±0.052 a  ab  ab  a  a

7- Pumpkin seed + 2% ascorbic acid 80.67±4.80 312.17±19.6 231.5±19.30 542.75±33.1 0.426±0.059 a  ab  a  a  a

8- Molasses + 2% ascorbic acid 83.67±7.08 263.17±23.9 182.83±22.3 507.5±41.3 0.360±0.059 a  ab  c  abc  ab

9- Mixture + 2% ascorbic acid 82.50±2.94 284.16±30.3 198.67±31.07 518.19±42.8 0.383±0.024 a  ab  bc  ab  ab

Mean with the same letters in the column are not significantly different at P<0.05

*Initial body weight, Final body weight, •Body weight gain, †Feed intake, ‡Feed efficiency ration

Table 3: Effects of rats fed on iron free diet supplemented with soybean, lentil, sesame, pumpkin, molasses and mixture on weight of organs

Groups Weight of spleen (g) Weight of heart (g) Weight of kidney (g) Weight of liver (g) Weight of brain (g)

1-Control 0.700±0.11 0.666±0.08 2.167±4.33 6.33±0.508 1.300±0.167 a  abc  a  ab  a

2- Iron deficiency anemia 0.633±0.103 0.617±0.075 1.330±0.121 6.671±0.33 1.267±1.637 a  abc  a  a  b

3 -Ferrous sulphate + 2% ascorbic acid 0.683±0.132 0.733±0.319 1.283±0.098 6.13±0.645 1.330±0.136a  ab  a  ab  a

4-Cooked soybean + 2%ascorbic acid 0.633±0.163 0.600±0.126 1.500±0.154 6.717±549 1.283±0.248a  bc  a  a  a

5- Cooked lentils + 2% ascorbic acid 0.667±0.242 0.667±0.103 1.517±1.60 6.533±0.496 1.283±0.194a  abc  a  a  a

6- Sesame seed+2% ascorbic acid 0.700±0.178 0.733±0.081 1.716±0.271 6.61±0.263 1.250±0.176 a abc  a  a  a

7- Pumpkin seed+2% ascorbic acid 0.750±0.197 0.767±0.103 1.600±0.20 6.80±0.414 1.250±0.176a  ab a  a  a

8- Molasses+ 2% ascorbic acid 0.750±0.122 0.683±0.116 1.550±0.187 6.367±0.628 1.33±0.225 a  abc  a  ab  a

9- Mixture +2% ascorbic acid 0.816±0.147 0.800±0.109 1.516±0.187 6.667±0.674 1.30±0.282 a  a  a  a  a

Mean with the same letters in the column are not significantly different at P<0.05

Table 4: Effects of soy, lentils, sesame, pumpkin seeds, molasses and mixture of them on hemoglobin, hematocrit, RBC, MCV, MCH and MCHC

concentrations of anemic rats

Groups *Hb g/dl †Hct % ‡RBC Million/cm •MCV pg §MCH % **MCHC mg/dl

1-Control 15.43±0.96 45.27±4.3 8.80±0.32 51.33±3.3 17.67±0.52 34.33±1.37 a  a  a  ab  abc  bc

2- Iron deficiency anemia 7.27±0.29 25.0±0.89 5.70±0.32 46.73±2.68 16.33±0.67 30.33±0.52 e  e  d  b  c  d

3 -Ferrous sulphate + 2% ascorbic acid 15.80±0.63 45.60±2.1 8.63±0.49 55.33±1.73 19.77±4.962 38.10±3.9 a  a  a  a  a  a

4Cooked soybean+ 2%ascorbic acid 13.07±1.71 40.50±5.09 7.16±0.89 53.13±4.75 19.13±1.19 34.33±0.52c  c  bc  a  ab  bc

5-Cooked lentils + 2% ascorbic acid 11.20±0.08 35.33±5.24 6.99±1.62 51.63±9.74 17.33±0.51 32±3.09 d  d  c  ab  bc  cd

6- Sesame seed+2% ascorbic acid 12.70±0.47 41.27±0.10 7.00±0.09 50.67±3.38 17.33±0.52 34.83±0.75 c  bc  c  ab  bc  b

7- Pumpkin seed+2% ascorbic acid 14.03±0.14 42.67±2.18 7.97±0.36 56.00±0.89 18.00±0.63 34.67±0.52 b  abc  ab  a  abc  b

8- Molasses+ 2% ascorbic acid 15.23±0.31 44.57±1.24 8.00±0.32 54.67±1.86 18.67±1.03 35.03±0.57 a  ab  ab  a  abc  b

9- Mixture +2% ascorbic acid 15.40±0.15 44.63±1.15 8.33±0.41 53.67±2.25 19.13±1.19 36.30±2.49 a  ab  a  a  ab  ab

Mean with the same letters in the column are not significantly different at P<0.05

* Hb: Hemoglobin, †Hct: Hematocrite, ‡RBC: Red blood cell, •MCV: Mean blood cell, §MCH: Mean cell hemoglobin, **MCHC: Mean cell hemoglobin

concentration
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Table 5: Platelet count, white blood cell and glucose of iron deficiency anemic rats fed on soy, lentils, sesame, pumpkin seeds, molasses and mixture for them

Groups *PT count Thousands/cm Mean ± SD †WBC Thousands/cm Mean ± SD Glucose mg/dl Mean ± SD

1-Control 650.00±97.1 15.54±3.42 106.67±10.8cd  a  bc

2- Iron deficiency anemia 820.00±97.6 10.34±2.36 110.67±11.6a b  bc

3 -Ferrous sulphate + 2% ascorbic 591.67±85.09 15.07±2.59 116.33±7.5 d  a  ab

4- Cooked soybean + 2%ascorbic acid 779.67±54.4 10.70±3.63 108.33±15.9 ab b  bc

5-Cooked lentils + 2%ascorbic acid 750.33±71.8 11.47±2.53 108.33±0.51 ab ab  bc

6- Sesame seed + 2% ascorbic acid 731.33±73.6 11.60±1.52 100.33±6.7 abc  b  c

7- Pumpkin seed + 2% ascorbic acid 730.33±33.9 12.95±8.6 101.0±0.89abc  ab  c

8- Molasses + 2% ascorbic acid 718.33±60.7 13.99±2.65 126.0±3.58 bc  a  a

9- Mixture + 2% ascorbic acid 700.00±39.4 14.90±1.09 111.33±6.47. bc  a  bc

Mean with the same letters in the column are not significantly different at P<0.05

*platelet, †Red blood cell

group (group 9) were the most effective to increase Hb, control group. Meanwhile, rats fed iron free diet
Hct, RBC, MCV, MCH and MCHC and equivalents to the supplemented with soybean (group 4), lentils (group 5),
control  group  (group1).  The  results  are in agreement sesame seed (group 6) and pumpkin seed (group 7)
with the  findings  of Soliman et al. [2], El-Sheikh [58], showed  no  significant  difference  between  of   them.
Cook et al. [62] and Ekiz et al. [63], they reported that diet Data in Table 5 also demonstrated that a significant
supplemented with iron (soybean, thyme, FeSO  + tomato increase in glucose level (126mg/dl) in group 84

powder, iron chelating amino acids increased Hb, Hct, supplemented with molasses compared to control group
RBC, MCV, MCH and MCHC. Yun et al. [61] reported that (106.67mg/dl). The increased in glucose may be due to
the iron uptake from soybean seed feritin crude for 8 week molasses containing 36-50% sugar [32]. The results in
lead to Hb concentration was almost recorded to the Table 6 illustrated that the iron free diet of rats caused
normal level. It is believed that most the Fe in plasma marked reduction in serum iron concentration
comes from  continuous  recycling  of heme from (102.63µg/dl) compared to the control (126.88 µg/dl). A
senescent RBC (through the reticuloendothelil system). reduced iron supply to the bone marrow impairs the
Gropper et al. [64] indicated that iron supplements synthesis of hem which led to lower concentration of iron
improved indices of iron status and serum copper in  serum.  The  results are in line with the findings of
concentration. Meanwhile, feeding rats of free iron diet Gunha et al. [55], who reported iron deficiency diet
supplemented  with  lentils  was  the lowest in all caused reduction in serum iron concentration of animals.
parameters this may be due to higher content from There are no significant differences observed between
phytate (164.2-181 mg/100g) [19]. groups supplemented with ferrous sulphate, soybean,

Data presented in Table 5 indicated that a significant sesame, pumpkin, molasses and mixture with ascorbic
increase in PT count (820 x 10 /cm) and significant acid, all of them showed markedly higher serum iron3

decrease in WBC (10.34 x10 /cm) of iron deficiency anemic concentration.  These  results  are  in  agreement with3

group compared to control group (650x10 /cm and those obtained by EL-Sheikh [56], who reported rats3

15.54x10 /cm of PT and WBC) respectively. The increased treatment with FeSO , soybean and thyme induced3

in PT count correlated inversely with level of hemoglobin. significantly  increase  in  serum  iron.   After consuming
The increased in PT may be due to increased number of the free iron diet for 13 weeks, TIBC increased this
megakaryocytes in bone marrow. The decrease in WBC indicated that these animal were severely iron deficient.
count can be the results of a nutritional deficient (iron) The administration of seven iron sources induces
and certain infection. Our results are in agreement with significant lower in TIBC as compared to iron deficient
those obtained by Choi and Simone [65], who reported anemia group. There are no significant difference between
that platelet count are increased in iron deficiency anemia control group and groups supplemented with ferrous
and correlated inversely with level of hemoglobin. Rats sulphate and mixture with ascorbic acid. These results
fed iron free diet supplemented with mixture (group 9), were approved by El-Sheikh [56] reported that
molasses (group 8) and FeSO  (group 3) reveals markedly administration FeSO , soybean and thyme resulted in a4

decrease in PT and increases in WBC and similarity with decrease in TIBC.

4

4
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Table 6: Serum total iron and total iron binding capacity of anemic rats fed on soy, lentils, sesame, pumpkin seeds, molasses and mixture for them 
Groups Serum total iron µg/dl Mean ± SD Total iron binding capacity µg/dl Mean ± SD
1-Control 126.88±7.64 184.08±7.55 b  d

2-Iron deficiency anemia 102.63±5.14 349.26±6.11 c  a

3 -Ferrous sulphate + 2% ascorbic acid 183.93±5.47 187.40±3.85 a  d

4- Coked soybean + 2%ascorbic acid 162.87±9.35 327.5±16.1 a ab

5- Cooked lentils + 2%ascorbic acid 127.7±22.3 330.4±4.04 b  ab

6- Sesame seed + 2% ascorbic acid 161.77±5.73 295.8±9.76 a  bc

7- Pumpkin seed + 2% ascorbic acid 165.45±4.98 274.17±8.43 a  c

8- Molasses + 2% ascorbic acid 166.45±3.23 260.67±6.59 a  c

9- Mixture + 2% ascorbic acid 176.93±15.1 188.0±7.64 a  d

Mean with the same letters in the column are not significantly different at P<0.05

Table 7: Iron concentration in organs (mg/100g tissue) of iron deficiency anemic rats fed on soy, lentils, sesame,  pumpkin  seeds,  molasses  and  mixture
of them

Groups Liver Kidney Spleen Brain
1-Control 38.373±0.63 23.93±8.52 130.60±7.90 13.89±0.26 cde  cd a  b

2- Iron deficiency anemia 19.60±2.87 14.43±4.37 60.97±6.94 2.08±0.071 e  d  e  g

3 -Ferrous sulphate + 2% ascorbic acid 90.0±15.73 53.13±8.06 109.70±14.1 9.44±0.433 a  a  b c

4- Cooked soybean + 2% ascorbic acid 49.20±2.71 35.53±3.10 87.63±13.8 4.73±0.10bcd  bc  cd  e

5- Lentils cooked + 2%ascorbic acid 25.87±1.82 21.37±5.06 74.23±4.25 3.41±0.26 de  d  de f

6- Sesame seed + 2% ascorbic acid 40.10±6.68 25.30±3.25 84.97±24.3 4.50±0.24 cde  cd  cd  e

7- Pumpkin seed + 2% ascorbic acid 49.27±5.33 46.80±3.23 88.17±1.48 4.60±0.27 bcd  ab  cd  e

8- 20%molasses + 4% ascorbic 67.20±21.47 56.70±16.98 96.63±12.8 6.23±0.25 b  a  bc  d

9- Mixture + 2% ascorbic acid 55.70±4.35 56.30±15.1 98.70±8.49 19.19±0.37 bc  a  bc  a

Mean with the same letters in the column are not significantly different at P<0.05

Data in Table 7 indicated that the iron concentration 4.3-4.8%. Hunt [66] reported that the present phytate in
(mg/100g) in rats of organ fed on anemic diet (iron free legumes and whole grain lower the absorption of both
diet)  supplemented  with  different  sources  of iron iron and zinc. However, the present ascorbic acid in diet
(ferrous sulphate, soybean, lentils, sesame, pumpkin seed, enhancing iron absorption [67, 68]. Hunt [66] reported that
molasses  and  mixture  of  them with ascorbic acid). the present phytate in legumes and whole grain lower the
Results  revealed  significant  decrease in iron stored in absorption of both iron and zinc, present ascorbic acid in
liver  (19.60 mg/100g),  kidney  (14.43   mg/100g)  and diet enhancing iron absorption [67, 68].
spleen (60.97 mg/100g) compared to the control group Data in Table 7 also revealed that a markedly decrease
(38.37, 23.93 and 130.60 mg/100g) respectively. These in  iron  brain  concentration  of  iron  deficiency group
results  are  in  agreement  with  those  reported by (2.08 mg/100g) compared to the control group
Radwan et al. [58], who found that the rats fed on anemic (13.89mg/100g). Previous studies in rats have shown that
diet induced reduction in iron stored in liver and spleen. iron deficiency anemia during development results lower
All of treatment increased iron stored in liver, kidney and brain iron concentration [69]. Brain iron concentration
spleen. Groups supplemented with ferrous FeSO  (G3), increased of all treatment but lower than the control group4

molasses G8 and mixture G9 were the most effective to except  for  rats  fed  on mixture G9 brain iron was more
iron storage in liver and kidney and spleen compared to than the control group. There are no significant
the control group and other groups. Iron treatment that differences of brain iron concentration of G7 fed on
correct anemia and replete liver and kidney iron stores. pumpkin, G6 fed on sesame and G4 fed on soybean. Lozaff
However, the group supplemented with lentils G5 was the et al. [12] indicated that the ability of iron treatment to
lowest in iron concentration in liver, kidney and spleen correct brain iron deficits depends in part on severity;
(25.87, 21.37 and 74.23) respectively compared to the timing appears to be another important factor. Data in
control group (38.373, 23.93 and 130.60 mg/100g), Table 8 showed evaluation bone marrow of rats fed on
respectively. This may be due to lentils containing higher iron free diet supplemented with different dietary iron
amount from phytate and fiber decreases iron absorption. sources. The results showed control group fed on basal
The  results  are   accordance   with   the   findings of diet appears normal cellular (Normal ratio between bone
Khan et al. [19], who reported that phytate and crude fiber marrow cells: fat cells are 75:25%) (Photo 1). Meanwhile
amount  in  lentils  ranged from 164.2-181.6 mg/100g and rats  fed  on  iron  free  diet  G2  appears hypocellular bone
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Table 8: Evaluation bone marrow of iron deficiency anemic rats fed on soy, lentils, sesame. Pumpkin seeds, molasses and mixture for them
Groups Cellularity *M:E Mean ± SD
1-Control Normal 1.28±0.08ab

2- Iron deficiency anemia Hypocellular 0.74±0.15 c

3 -Ferrous sulphate+2% ascorbic acid Normal 1.27±0.27 ab

4- Cooked soybean + 2%ascorbic acid Normal 1.22±09ab

5- Cooked lentils +2%ascorbic acid Normal 1.40±0.39a

6- Sesame seed+2% ascorbic acid Normal 1.20±0.36 ab

7- Pumpkin seed+2% ascorbic acid Normal 1.23±0.73 ab

8- Molasses+ 2% ascorbic acid Normal 1.25±0.63 ab

9- Mixture +2% ascorbic acid Normal 1.26±0.27 ab

*Myeloid: Erythroid
Mean with the same letters in the column are not significantly different at P<0.05

Photo 1: Bone marrow of rat from group 1 (control group) Photo 5: Rats fed on iron free diet supplemented with
showing normal cellular lentils showed increases in myeloid erythroid

Photo 2: Bone marrow of rats from group 2 (anemic on iron free diet (0.74) compared to control group (1.28)
group) showing hypocellular which appears erythroid hyperplasia (Photo 4) meaning

Photo 3: Bone marrow of rats from groups (3, 4, 6, 7, 8 hyperplasia) (Photo 5). This result may be due to the
and 9) showing normal cellular reduction of bone marrow producing in red cell. This

Photo 4: Bone marrow of rats from group 2 revealed increased in monocytes (692 x 10 ) compared to the
decrease in myeloid erythroid ratio   (Erythroid control (8343 x10 /cm, 7774 x 10 /cm and 212 x10 /cm)
hyperplasia) respectively.  The  may  be due to iron deficiency in serum

ratio (Erythroid hypoplasia)

marrow (Fat cells more than 25% from total marrow cells)
(Photo 2). The administrated of dietary iron sources
(soybean, sesame, pumpkin, molasses, mixture) and
ferrous sulphate correct ratio  of  bone  marrow  and  fat
cell  (normal cellular) (Photo 3). The data in the same Table
revealed decrease in myeloid erythroid ratio of group fed

responsive anemia or regenerative anemia. Rats fed iron
free diet supplemented with FeSo4, soybean, sesame,
pumpkin, molasses and the mixture showed no significant
difference with control group. The rats fed on IFD
supplemented with lentils with ascorbic acid showed no
significant increases in myeloid erythroid ratio (erythroid

result is in agreement with the findings of Roodenbarg et
al. [70], who reported that iron deficiency influence the
myeloid erythroid ratio in bone marrow smears and the
blood reticulocyte production.

Data  in  Table  9  illustrated  that  rats  fed  on  iron
free diet showed significant decrease in neutrophil
(4551.07 x 10/cm ), lymphocytes (5166 x 10 /cm) and3 3

3

3 3 3
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Table 9: Effect iron deficiency anemia on immunity
Groups Neutrophile count 10 /cm Lymphocytes count '10 /cm Monocytes count 10 /cm 3  3  3 

1- Control 8343±18.48 7774.67±10.66 212.0±52.58 a  a  f

2- Iron deficiency 4551.07±10.40 5166.0±19.27 692.0±43.82 d  c  a

3- Ferrous sulphate+2% ascorbic acid 6717.33±12.95 7386.67±14.08 421.0±17.63 abc  ab  e

4- Cooked Soybean + 2% ascorbic acid 5342.4±25.47 5559.07±12.12 576.67±13.66 cd  c  bc

5-Cooked lentils+ 2% ascorbic acid 4504.67±15.55 5518.0±45.21 652.0±65.09 d  c  ab

6- Sesame seed+2% ascorbic acid 5758±15.55 5812.0±14.94 531.0±29.58 bcd  bc  cd

7- Pumpkin seed+2% ascorbic acid 5783.3±23.29 6753±18.40 508.0±73.40 bcd  abc  cde

8- Molasses2% ascorbic acid 6748±63.9 6803.33±84.4 435.90±13.69 abc  abc  de

9- Mixture2% ascorbic acid 7314±15.59 6916.67±9.92 438 ± 80.29 ab  abc  de

Mean with the same letters in the column are not significantly different at P<0.05

Photo 6: Brain of rat from group1 showing no intermediates responsible for intracellular killing of
histopathological changes (H and E x 400) pathogens [73]. Also, no significant difference was

Photo 7: Brain of rat from group2 showing necrosis of Meanwhile, soybean, sesame and pumpkin showed no
neurons and neuronophegia of nercrotic significant different between of them but steal more than
neurons (H and E x 400) the control. These results are in agreement with the

Photo 8: Brain of rat from group2 showing eosinophic from group3 revealed neuronophegia of necrotic neurons
neurons and neuronophegia of necrotic Photo (10). Moreover, brain of rats from group 4 showed
neurons (H and E x 400) cellular edema (Photo 11). However, brain of rat from

and organs, iron is a fundamental element for normal neurons (Photo 13). Meanwhile, brain of rat from group6
development of the immune system [71]. There are several revealed focal gliosis (Photo 14). Groups 7, 8 and 9
possible mechanisms that could explain the effects of iron revealed no histological change.

deficiency on immune system. In adult animals or humans
with intact immune systems, nonspecific immunity is
affected by iron deficiency in several ways. Macrophage
phagocytosis is generally unaffected by iron deficiency,
but bactericidal activity of these macrophages is shown
to be attenuated in some studies [72]. Neutrophils have a
reduced activity of iron-containing enzyme,
myloperoxidase, which produces reactive oxygen

observation of neutrophil, lymphocytes between control
group (8343 x 10  and 7774.67 x 10 ) and ferrous sulphate,3 3

molasses and mixture (6717.33 and 7386.67, 6748 and
6803.33, 7314 and 6916.67), respectively, because
bioavailability  of  iron  from ferrous sulphate, molasses
and mixture in present of ascorbic acid was higher than
other dietary iron sources. However, there are no
significant difference between iron deficiency anemia
group (4551.07 x 10 ) and lentils group (4504.67 x 10 )3 3

because a bioavailability of iron from lentils was lower.

findings of Ekiz et al. [63], who reported that iron
deficiency decrease Neutrophils and lymphocytes.

Histopathological of Brain: Microscopically, brain of rats
from group1 (control group) revealed no histopathological
changes  (Photo  6).  Meanwhile, brain of rats from group
2 (fed on iron free diet) showed necrosis of neurons,
eosinophilic  neurons,  neuronophegia   of  neurons
(Photo 7, 8) and cellular edema (Photo 9). Brain of rats

group 5 shows cellular edema (Photo 12) and pyknosis of
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Photo 9: Brain of rat from group2 showing cellular edema
(H and E x 400)

Photo 10: Brain of rat from group 3 showing
neuronophegia of necrotic neurons (H and E
x 400)

Photo 11: Brain of rat from group 4showing cellular acid improved bioavailability of iron and iron deficiency
edema (H and E x 400) anemia. Administration mixture from cooked soybean,

Photo 12: Brain of rat from group 5 showing cellular Information System, 1993- 2005. Public Health
edema (H and E x 400) Nutrition, 12(4): 444-454.

Photo 13: Brain of rat from group 5 showing pyknosis of
neurons (H and E x 400)

Photo 14: Brain of rat from group 6 showing focal gliosis
(H and E x 400)

Photo 15: Brain of rat from group 7, 8 and 9 showing no
histopathological change.

CONCLUSION

Using soaking and cooking of legumes with ascorbic

cooked lentils, sesame seed, pumpkin seed powder and
molasses with ascorbic acid correct myeloid erythroid
ratio iron bone marrow and have protective effect of iron
deficiency anemia equal to FeSO .4
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