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Abstract

Legume consumption may play an important role on the health life during aging through its well-recognized
antioxidant, antiproliferative, and antigenotoxic effects. The present study aimed to clarify the effect of some legumes
feeding on oxidative stress in menopause rats. The experiment was carried out on 66 female rats (16-17 months old)
divided into 11 groups. The first group was fed basal diet and kept as control group. The remaining groups were fed
basal diet containing 20 % of different processed legumes either cooked or germinated (faba bean, chickpea, lentil, white
bean and fenugreek). The experiment continued for 8 weeks .Growth of rats, biochemical analyses and histopathological
examination were evaluated. Results showed that the body weight changed from the highest percentage of decrease (-
7.7%) in the group fed on diet including germinated white bean and the highest percentage of increase (+7.1%) in the
group fed cooked lentil supplemented diet. The study also demonstrated improvement in lipid profile, particularly in
VLDL-C and triglycerides levels. The highest percentage decreases of atherogenic index relative to control group were
46.5, 44 and 40% in groups supplemented with germinated lentil, cooked faba bean and germinated faba bean,
respectively. Germination process is more effective than cooking treatment by enhancing the antioxidant enzymes such
as SOD and GPx, also by reducing liver enzymes like, alkaline phosphatase and aspartate transferase, particularly
germinated lentil group and decreasing lipid peroxidation reflected on histopathological lesions in hepatocytes. Moreover,
serum protein was higher in germinated legumes diets than cooked ones. In conclusion, the obtained results suggest
that diets containing legumes, particularly the germinated form exert a beneficial effect in reducing some disturbances

associated with aging.

Introduction

Aging is a slow, irreversible, and cumulative process. Organisms with a high metabolic rate (increased oxygen
consumption) had a shorter life span and that hyperbaric oxygen and radiation caused free radical oxygen damage to
cells. When these reactive oxygen species are created by the metabolism inside cells, these free radical chemicals can
damage vital cell components on contact, damage DNA, and impair cell processes. This free radical theory explained
how aging could be a gradual yet cumulative process inside our cells, related to oxygen metabolism (Harman, 2009).
Therefore, oxidative stress is a significant factor responsible for both the onset and the progression of several chronic
diseases such as cardiovascular, neurodegenerative diseases and cancer. Plant foods contain many bioactive

compounds able to counteract oxidative stress; there is much evidence confirming the fact that legume-rich food may
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significantly alter people’s overall health and quality of life. Legumes provide powerful nutrition as well as proven

anticancer, chemopreventive antioxidant and antimicrobial properties (Dixon, 2001).

Legumes contain several phenolic compounds, in addition to glutathione, soluble proteins, and tocopherols,
which are considered to be natural antioxidants (Fernandez-Orozco et al., 2003). Among them, these non-phenolic
antioxidant compounds may exert a synergistic effect, together with phenolic ones, which could be the origin of the
differences in the antioxidant activity of different leguminous seeds. Moreover, legumes contain some bioactive peptides

that can exert an antioxidant effect (Malaguti et al., 2014).

All over the world legumes are consumed after different types of processing (e.g., cooking, frying) but, the
nutraceutical and nutritional quality improved significantly by sprouting. Legume sprouts are a good source of highly
bioavailable proteins, starch, lipids and minerals. Additionally, germinated seeds contain significant amounts of
polyphenols with well-documented pro-health properties (Gawlik-Dziki and S wieca, 2011).). Moreover, studies on
changes in antioxidant compounds and antioxidant capacity of lequmes during different processing have also gained
interest (Torres et al, 2007).

In addition legumes are low in fat, and rich in proteins, complex hydrocarbons, and minerals, they contain a rich
variety of phytochemicals, including phytosterols, saponins, dietary fiber, polyphenols, protease inhibitors, and phytic
acid and bioactive carbohydrates (Amarowicz and Pegg, 2008), which if consumed in sufficient quantities may help to
reduce tumour risk (Mathers, 2002). Epidemiological and intervention studies indicated that legume consumption is
inversely associated with the risk of coronary heart disease (Boualga et al.,2009), type |l diabetes mellitus
(Helmstéadter, 2010) and obesity (Rizkalla et al.,2002).

The present study was designed to evaluate and compare the effect of feeding on five processed legumes
(cooked and germinated) which are commonly used in Egyptian food like; faba bean, chickpea, lentil, white bean and
fenugreek on the oxidative stress during aging in experimental rats. In addition, liver enzymes, lipid profile, hematological

pattern and histopathological changes in liver was investigated.

Material and methods

Materials:
Legumes; faba bean (Vicia faba L.), white bean (Phaseolus vulgaris), chickpea( Cicer arietinum L.), lentil ( Lens
culimans) and fenugreek (Trigonella foenum-graecum L.) were grown during 2013 season, and obtained from the Field

Crops Research Institute, Agricultural Research Center, Ministry of Agriculture and Land Reclamation, Giza, Egypt.
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Preparation of samples:
Soaking: Legumes seeds were soaked in tap water in ratio 1:3 (w/v) for 12 hours with the addition of 5mi/L

acetic acid (5%). At the end of soaking period, the soaked water was discarded and rinsed twice in tap water. Half of

soaked seeds were cooked and the other part was germinated.

Cooking: The soaked samples were subjected to cooking treatment by boiling in a covered stainless-steel pot
and cooked on a moderate flame with enough water retention. For all cooking treatments, the minimum cooking time was

used to reach a similar tenderness for an adequate palatability and taste according to the Egyptian eating habits.

Germination: After soaking the water was drained and the seed samples were allowed to germinate under a
wet muslin cloth for 48 hrs.
The cooked and germinated materials were dried at 45t5 °C under vacuum and ground in a laboratory mill to obtain fine

flour and kept at -18°C until analysis.

Animals and treatments

Sixty six female Sprague-Dawley rats aged 15-16 months old weighing 30443 g (which is considered equivalent
to the average age of menopause women is 51 years according to the American Medical Association, Durbin et al.,
1966) were purchased from the Animal Department Laboratory, Research Institute of Ophthalmology, Giza, Egypt. The
animals were housed in plastic cages, fed on basal diet (BD) that was based on AIN -93 G formulation with some
modification (Reeves et al.,1993) and provided water ad fibitum for one month as an adaptation period. The animal room

was maintained at 21°C + 2°C with timed lighting 12 h and relative air humidity of 40% to 60%.

After the adaptation period, the rats were randomly divided into 11 groups (each group contained 6 rats): the
first group continued on basal diet feeding which represent the control group. The remaining 10 groups fed on the basal
diets containing 20% of different tested legumes as shown in table (1). The BD supplemented with the different legumes
was adjusted for protein, fat and fiber to have the same energy value as in basal diet (control). The experimental period

continued for 8 weeks. During the experiment, water was allowed ad-libitum.

The body weight was recorded weekly. At the end of the experiment, the final body weights of rats were
recorded, then the animals were anaesthetized by diethyl ether. The blood samples were collected from eye plexuses
and divided into two patches. The first patch was collected into two heparinized tubes to obtain the whole blood, one of
them subjected to measure the hematological profile immediately and the other subjected to prepare erythrocyte lysate
as described by Yang et al. (2006).The second patch was collected in dry clean centrifuge tubes to prepare serum by
leaving the samples for15 minutes at room temperature, then the tubes were centrifuged for 15 min at 3000 rpm and the
clean supernatant serum was collected. The prepared erythrocyte lysate and serum samples were kept frozen at -20 °C
until the time of analysis. The carcasses were dissected and the organs were cut off, washed in saline solution and

weighed. Then, liver specimens were subjected for histological examination.

Biochemical analyses
Lipid profile: total cholesterol (TC), triglycerides (TG) and high-density lipoproteins cholesterol (HDL-C) were
determined according to Stein(1986), Fossati and Prencipe (1982) and Assmann (1979), respectively. Low-density
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lipoprotein cholesterol (LDL-C) was determined by calculation using the following equation LDL-C = [TC-(HDLC+TG/5)]
as described by Varley et al.(1980).Very low-density lipoproteins cholesterol (VLDL-C) was calculated according to
Wallach (1992) using the following equation: (VLDL-C = serum triglycerides/5). Atherogenic index (Al) was calculated
according to (Harnafi et al., 2009) by the following equation: Al = (S.LDL-C+S.VLDL- C)/ (S. HDL-C).

Superoxide dismutase (SOD) and glutathione peroxidase (GPX) enzymes were determined in erythrocyte lysate
by enzymatic colorimetric procedures according to Dechatelet et al. (1974) and Rotruck et al. (1973), respectively.
Moreover, serum lipid peroxidation (malondialdehyde, MDA) and total antioxidant capacity level were determined
according to Ohkawa et al. (1979) and Koracevic et al. (2001), respectively.

Alanine amino transferase (ALT) and aspartate-amino transferase (AST) were determined according to the
method described by Reitman and Frankel (1957). Serum alkaline phosphatase (ALP) was determined according to
Varley et al. (1980). Serum total protein and albumin were determined according to Henry (1964) and Webster (1974),
respectively. Serum globulin was calculated as follows: Serum Globulin = serum total protein — serum albumin (Varley et
al., 1980).

Blood hemoglobin (g/dl)), hematocrit value (%), red blood cells (x106:‘p|), white blood cells (x103/pl) and
platelets(x10*/ul) were determined in whole blood by Coulter counter M4(30) system according to the method of Moser
et al.(2001)

Postmortem and histopathological examination:
Rats were subjected to postmortem examination to detect any abnormal gross changes. Tissue specimens from
liver of rats were collected, fixed in 10 % neutral buffered formalin, processed and embedded in Paraffin wax, sectioned
at 4 ym and stained with Hematoxylin and Eosin (Bancroft and Gamble, 2008) and examined under an Olympus

microscope (Olympus, Japan).

Statistical analysis:

Statistical analyses were carried out by SPSS19 program. Data were expressed as means + SEM and the
statistical analysis was performed using one-way analysis of variance followed by Duncan's tests according to
(Snedecor and Cochran, 1989).

Results

Body weight

As shown in Table 2, after eight weeks of experimental period, no significant differences in final body weight in
all tested groups except germinated white bean supplemented group which had the lowest value as compared with
control group. Also, it could be noticed that cooking treatment caused increment in final body weight of rats more than
germination treatment for all tested legumes. At the end of the experiment the weight change showed the highest
percentage of decrease (-7.7%) in group consumed diet including germinated white bean and the highest percentage of
increase (+7.1%) in cooked lentil supplemented diet group. As demonstrated in the same table, no significant changes

occurred in relative organs weights among the tested groups.
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Lipids profile.

Table (3) shows the lipid profile in the tested groups. In case of serum total cholesterol (TC) levels, there were
significant decreases in all treated groups as compared with the control group. It could be noticed that the lowest
decrease in (TC) relative to control group occurred in groups of germinated fenugreek, white bean and cooked fenugreek
(23.8 %, 23.5% and 21%, respectively). Also, there were significant increases in HDL-C levels in both of cooked faba
bean and germinated lentil groups as compared to the control group. The levels of serum LDL-C showed a statistical
decrement in tested groups except groups supplemented with cooked chickpea, white bean and fenugreek versus

control group.

As shown in the same Table, feeding on diet contained the studied legumes led to a significant reduction in
triglycerides (TG) and VLDL-C levels as compared to control group. The highest percentage decreases of Al relative to
control group were 46.5, 44 and 40% in groups supplemented with germinated lentil, cooked faba bean and germinated

faba bean, respectively (Table 3).

Antioxidant activity
As mentioned in the table 4, there are marked increments (p < 0.05) of total antioxidant capacity in all treated
groups except the cooked fenugreek group as compared to the control group. The lipid peroxidation level
(malondialdehyde, MDA) decreased significantly in the experimental groups except both of cooked chickpea and
fenugreek groups which exhibited non-significant decrement relative to control one. The activities of antioxidant
enzymes SOD and GPx exhibited higher activity in treated groups particularly, germinated treatments with highest mean
values obtained in germinated lentil group were 363.53 (U/Hb) and 374.33 (mU/ml), respectively .

Liver function.

As noticed in Table 5, feeding on diets containing germinated legumes caused reduction in activities of serum
alkaline phosphatase (ALP) and aspartate transferase (AST) enzymes more than the cooking treatments. From the same
table, it could be concluded that there was a statistical decrease of ALP activity in groups fed on diets supplemented with
faba bean and fenugreek (cooked and germinated) relative to control group. Also, the levels of AST and ALT activities
decreased significantly in all treated groups compared with the control group. The lowest values in germinated lentil
group were 92.0 and 39.7(U/L), respectively. The effect of different legumes inclusion in diet formulations on serum
protein resulted in noticeable increases in groups fed germinated treatments relative to cooked legumes but there were

no significant differences of serum albumin and globulin among the tested groups.

Hematological profile.
As shown in table 6, it could be concluded that no statistical differences in hematological parameters among the
tested groups. However, feeding on germinated lentil supplemented diet recorded the highest values in Hb (15.20%) and

hematocrit (51.30%).
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Histopathological findings:
Histopathological findings of liver were recorded and scored according to their severity as shown in Table (7). In

the control group there was diffuse vacuolar degeneration of hepatocytes and focal areas of hepatocellular coagulated
necrosis. There was severe congestion in central veins, blood sinusoids and portal blood vessels. Concerning groups fed
on faba bean either cooked or germinated, the number of hepatocytes that showed vacuolation and necrosis were fewer
than in the control group, blood sinusoids were dilated and engorged with blood. Groups fed on Chickpea either cooked
or germinated showed diffuse hepatocytic vacuolar degeneration, focal areas of hepatocellular coagulated necrosis and
congestion in central veins but these changes were less than those in the control group,particularly in the germinated

chickpea group.

In groups fed on Lentil either cooked or germinated, the number of hepatocytes that showed vacuolation were
fewer than the control group, while there was no observable hepatocellular coagulative necrosis. Portal blood vessels
were dilated and engorged with blood. Groups fed on white bean either cooked or germinated and germinated fenugreek
seeds showed hepatocellular vacuolation and necrosis fewer in number than in control group. In addition, the diet
contained cooked fenugreek did not affect the hepatocytic vacuolar degeneration numbers. There was congestion in

central veins in either cooked or germinated white bean or fenugreek.

Discussion

Numerous studies have shown that oxidative stress contributes to the development and progression of chronic
diseases such as cardiovascular diseases, diabetes, neurodegenerative diseases and cancer. Hence, ameliorating
oxidative stress through treatment with antioxidants in plant foods such as legumes might be an effective strategy for

prevention or reducing these diseases (Maria et al., 2007).

The current study showed that feeding on diets supplemented with cooked legumes caused higher body weight
gain than germinated ones. This is in agreement with Vadivel et al. (2011) who explained that cooking legumes can
reduce the anti-nutritional factors such as a-amylase and a-glucosidase inhibitors. a —Amylase inhibitors are starch
blockers, which can bind with the reactive sites of amylase enzyme and alter its catalytic activity, thus controlling the
blood sugar level and a —glucosidase inhibitor can retard the rate of absorption of glucose through the intestine by
competitive and reversible inhibition of intestinal a glucosidase enzyme. The highest percentage of decrease in body
weight in group fed germinated white bean in our study may be attributed to the fact that white bean considered the
best source of an a amylase inhibitor, known as phaseolamin that cause reduction in appetite and body weight and blood

glucose in rats (Fantini et al., 2009).

Our study showed improvement in lipid profile, particularly VLDL-C and triglycerides levels as the result of
feeding diet supplemented with legumes. Furthermore, cooked or germinated fenugreek supplemented diets showed a
marked decrement in VLDL-C and triglycerides levels. This confirmed the results of Winham and Hutchins {2007) who
indicated that daily intake of half a cup of baked bean in hypercholesterolemic adults can reduce serum TC by -5.6 %
and serum LDL-C by -5.4 %. Another study concluded that when twenty-six individuals with Peripheral artery disease
(PAD) consumed % cup/day of cooked mixed legumes (beans, peas, lentils, chickpeas) for 8 weeks, total and LDL-
cholesterol were reduced by 5.0% and 8.7%, respectively (Zahradka et al., 2013). The anti-diabetic and hypolipidemic
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activity of fenugreek may be attributed to soluble mucilage fiber, galactomannan as of the viscous property it has
potential to reduce intestinal absorption of glucose and; therefore it has a benefit of blood glucose control (Srichamroen
et al., 2008). The hypolipidemic effect of this mucilage may lead to a decrease in the synthesis and secretion of VLDL-C
by hepatocytes. A reduction in production of VLDL-C can be due to a reduction in the synthesis of apo B as well as
lipids associated with VLDL-C (Sharma et al., 1990). The present study shows a significant reduction of Al (Atherogenic
Index) values in rats fed diet contained both cooked and germinated faba bean and germinated lentil. This may be due to
the fact that faba bean contains higher amount of phytoesterols compounds especially B-sitosterol and lentil contains
higher value of flavonoids (1841.9 ug/100 g fresh weight) compared to other studied legumes (Kalogeropoulos et al.,
2010). Phytosterols may be effective in reducing cholesterol absorption and in protection against low-density lipoprotein
(LDL-C) oxidation (Andersson et al., 2004). Moreover, the potent antioxidant capacity of faba bean seeds largely
contributed by the proanthcyanidins or highly polymerized tannins (Siah et al., 2012).

Our study revealed that germination process is more effective than cooking treatment by enhancing the
antioxidant enzymes SOD and GPx. This is consistent with Doblado et al. (2007) who suggested that biotechnological
treatments such as germination and fermentation increased the content of specific flavonoids including resveratrol and
enhanced the antioxidant capacity of legumes using different experimental models. Nevertheless, the beneficial
properties of legumes can be reduced by widely used thermal treatments such as conventional boiling, conventional
steaming, pressure cooking, or pressure steaming. Such treatments significantly decreased the total phenolic,
procyanidin, saponin, and phytic acid content of cool-season food legumes, thus decreasing their cellular antioxidant and
antiproliferative activities. Lentil either cooked or germinated exhibited higher values of superoxide dismutase enzyme
and glutathione peroxidase activities relative to other studied legumes in the current study. This desirable effect of lentil
could be explained by the fact that lentil contains higher value of flavonoids content (1841.9 pug/100 g fresh weight)
compared to other studied legumes (Kalogeropoulos et al., 2010). Also, germinated lentil had the highest content of
folate as compared to the other tested legumes (Salem et al., 2014) which may act as a direct antioxidant and reduces

the superoxide radicals or improve the cellular antioxidant defense systems (Doshi et al., 2002).

Aminotransferases (AST and ALT) mediate the catalysis of amino-transfer reactions and they are markers for
clinical diagnosis of liver injury (Li, 2007), while ALP is responsible for removing phosphate group from nucleotides and
proteins and also used as a marker of hepatic functions (Yoo et al., 2008).As revealed in the present study, germination
of legumes is more effective in reduction of serum ALP and AST activities than cooking process, also lentil (germinated)
supplemented diet exerted the lowest levels of serum ALT and AST activities. In the present study, the lipid peroxidation
and serum MDA level increased in control aged rats led to hepatic tissues damage and leakage of hepatic enzymes into
the blood circulation (Ademiluyi and Oboh, 2012).

After feeding diets supplemented with legumes there were improvement in histopathological lesions appeared
as the number of hepatocytes that showed vacuolation, necrosis and congestion of blood vessels were fewer than those
in control group, particularly in group fed lentil containing diet .This may be explained by Shimoda et al. (2008) who
suggested that formulated diets containing germinated legumes are rich in antioxidants such as polyphenols with
hepatoprotective properties. Also, germination process caused increment of protein digestibility, degradation of the high
molecular weight protein to low molecular weight protein, simple peptides and amino acids which act as power

antioxidants against free radicals scavenging activities and hepatoprotective agents (Je et al., 2007). On other hand,
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lentils are also good sources of phenolic and non-phenolic antioxidants as catechins and procyanidins. Total antioxidant
measurements for lentil seeds were reported to be significantly higher than those of other legumes (Xu and Chang,

2008) and (Oomah et al., 2011).

The increment of serum protein in rats fed germinated legumes supplemented diets relative to control may be
due to increased protein catabolism or increased lipid peroxidation which led to formation of protein- malondialdhyde
adducts in control aged rats. Contrary, in rats fed germinated legume supplemented diets, the hepatoprotective
properties of their polyphenol constituents and also availability of their amino acids may led to improvement of serum
protein (Ademiluyi and Oboh, 2012).

Feeding diets containing different legumes did not affect the hematological parameters significantly as
compared to control. These results may be explained by the fact that iron from plant sources is less easily absorbed than
the heme-bound iron of animal sources. However, , germinated lentil supplemented diet recorded the highest values in
Hb, hematocrit value and RBCs count may be attributed to the fact that germinated lentil had the highest content of folic
acid as compared to the other tested legumes (Salem et al., 2014) which cause enhancement of hemopoietic organs

and erythropoiesis.

Conclusion

Although consumers often view legumes as an alternate inexpensive protein, few are aware of the potential
health benefits from legume consumption or their role as a functional food. Implementation of dietary changes that
include increased consumption of legumes known to reduce risk of several diseases is realistic and cost effective in
comparison with other more traditional interventions, namely, drug therapy, especially for individuals in the borderline
rather than high-risk categories. Egyptian habits limited the germination process to usual legumes such as broad bean
and fenugreek, therefore our study focus attention on germination may be extended to other legumes like, lentil and
chickpea. Also, it is recommended that the diversity among the different lequmes consumption because each one is

complementary to other to obtain the maximum benefit.

116



Egypt. J. of Nutrition and Health Vol. 10 No. 1 (2015)

Table (1):
The experimental diets of rats.

~— o ™ <t w [(e] M~ ee) (o2]
Ingredients % §" é‘ §' g § :3; ‘81 5 5 g

G 0] G o} G G G G 6 |62 | 67
Casein* 14 994 |859 |10.04 | 850 |821 |733 |772 |670 |949 |8.27
Corn ail 5 4.61 463 | 4.12 420 | 486 4.86 4.80 4.83 3.76 3.85
Vitamin mix. 1 1 1 1 1 1 1 1 1 1 1
Salt mix. 35 3.5 35 35 3.5 3.5 3.5 3:5 3.5 3.5 3.5
Choline chloride 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Fiber |5 349 | 328 |407 [394 |[401 |360 |368 |339 |35 |298
Starch 71.30 | 57.26 | 58.80 | 57.07 | 58.66 | 58.22 | 59.51 | 59.10 | 60.38 | 58.49 | 60.20
Cooked faba bean -- 20 - - - - - = = = -
Germinated faba bean - - 20 - = = = = 2% = =
Cooked chickpea -- - - 20 - — - . = = o
Germinated chickpea - - - = 20 = - - - = -
Cooked lentil -- -- - - = 20 - - - - =
Germinated lentil - - - = — o 20 - - - —
Cooked white bean - -- - = = = = 20 - - -
Germinated white bean - = = = s s = = 20 - =
Cooked fenugreek - -- - - = = - = - 20 =
Germinated fenugreek - - - = = s - s o - 20
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Table (2):
Effect of experimental diets on body weights and relative organ weights

Percentage | Relative organs weights (%)

G Initial body Final body Eh:nge of
roups weight (g) weight (g) wc;igyht g4 Liver Brain Heart Spleen

(%)
Control 306.00+3.79°° | +0.66 2.32+0.18™ | 0.41x0.03* | 0.29+0.03° | 0.19+0.03™F |
Faba bean
Cooked 304.00+5.61° | 318.33+6.32°° | +4.7 1.75¢0.13° | 0.47+0.03° | 0.28+0.03" | 0.1740.01%*°
Germinated | 304.00+4.12° | 310.33+5.35°% +2.1 1.94+0.11° | 0.430.01% | 0.32+0.01* | 0.20£0.02°*
Chickpea
Cooked 304.00£3.27° | 324.33+4.31%° +6.4 2.05+0.15® | 0.45+0.06° | 0.2240.04°® | 0.17+0.01%*
Germinated | 303.80+4.75° | 313.33+2.91°" +3.1 2.1040.19"™ | 0.49+0.01° | 0.27+0.03° | 0.21+0.02%°
Lentil
Cooked 304.20+4.63° | 325.67+6.96™ +71 1.98+0.16° | 0.42+0.04° | 0.23+0.02°° | 0.1440.02°
Germinated | 304.40+3.87° | 320.67+3.18™* | +53 2.0240.18° | 0.45+0.06° | 0.22+0.02 | 0.1620.01>
White bean
Cooked 304.40+5.37° | 302.336.36" -0.68 2.16+0.11%° | 0.48+0.02° | 0.32+0.03* | 0.20+0.02%*°
Germinated | 303.80+5.41% | 280.33+3.33° & 260020 | 0.46+0.01* | 0.33+0.03* | 0.19+0.02%°
Fenugreek
Cooked 304.20+4.14° | 323.33+1.07*° +6.2 2.1920.17*° | 0.42+0.02* | 0.29+0.01™ | 0.15+0.02>
Germinated | 304.20+5.20° | 310.00+5.66"" +19 2.10£0.23* | 0.48+0.02* | 0.264+0.03° | 0.22+0.03

Each value represents the mean + SE. The mean values with different superscript alphabets indicate significant differences

(P <0.05).

*The relative organ weight = (weight of organ/total body weight) x 100.
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Table (3):

Effect of experimental diets on lipids profile

Groups TG HDL-C (mg/dl) | LDL-C (mg/dl) | VLDL-C (mg/dl) Te Al

(mg/dI) (mg/dl)
Control 97.97+2.27°% | 49.1911.36” 25.80£1.15° 22.981 0.06° 114.90+0.31° | 0.99+0.06™°
Faba bean
Cooked 85.9411.62° | 5527+2.08% 15.37 +0.58° 15.30+0.32" 76.50+1.59" 0.55+0.07°
Germinated | 83.37 +2.82° | 52.11+1.92" 9.69+0.64 21.57+0.54° 107.80+2.71° | 0.59+0.06%
Chickpea
Cooked 91.01+1.94° | 45.13+2.47° 26.76+1.01* | 19.1240.13° 95.60+0.65° | 1.01£0.07%
Germinated | 83.19+1.76° | 47.06+0.67* 19.51+1.15° 16.62+0.56° 83.11+2.81° | 0.76+0.07°*
Lentil
Cooked 90.16+1.22° | 52.0041.86" 19.47+0.78° 18.69+0.10° 93.48+0.50° | 0.73+0.06°
Germinated | 88.83%+1.27°° | 57.93%0.41° 10.21+0.58" 20.69+0.17° 103.49+0.85° | 0.53+0.07'
White bean
Cooked 89.44+ 1.37° | 47.50+0.64 26.21+0.52% 15.74+0.19' 78.7310.95' 0.88+0.08"
Germinated | 74.95+2.04° | 35.20+0.42° 22.57+0.59° 17.18+0.16° 85.91+0.81° | 1.13%0.07°
Fenugreek
Cooked 77.30+ 2.44° | 36.96+2.55° 25.42+1.39° 14.91+0.31' 74.58+1.53' 1.09+0.06*°
Germinated | 74.65+1.80° | 39.00+2.08° 22.25+1.15° 13.40+0.21° 67.00+1.06° | 0.91+0.04%°

Each value represents the mean + SE. The mean values with different superscript alphabets indicate significant
differences (P = 0.05)
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Table (4):

Effect of experimental diets on total antioxidant capacity and antioxidant enzymes

e Total antioxidant MDA SOD GPx
roups

g capacity (mM/L) (nmole/ml) (U/g Hb) (mU/ml)
Control 1.80+0.05° 3.99+0.29° 163.23+0.84" 285.67+2.91"
Faba bean
Cooked 2.52+0.19° 2.47+0.16° 234.07+2.84' 320.67+2.60%
Germinated 2.75+0.13%° 3.04+0.17" 244 44+1 94° 336.33+4.33°
Chickpea
Cooked 2.85+0.01% 3.13+0.41%° 267.66+1.34° 328.67+3.76¢
Germinated 2.69+0.02% 3.01+0.2% 301.73+3.64° 348.67+3.53°
Lentil
Cooked 2.80+0.13% 3.05+0.16™ 337.08+2.35° 346.00+2.08"°
Germinated 2.74+0.06% 2.64+0.09" 363.53+1.73° 374.33+5.70°
White bean
Cooked 2.74+0.13% 2.94+0.23" 159.05+0.99" 283.33+3.84"
Germinated 2.91+0.03° 2.97+0.33" 206.39+3.07° 305.33+3.76°
Fenugreek
Cooked 2.01+0.08° 3.33+0.55%° 160.51+1.96" 290.67+4.41"
Germinated 2.76+0.08%° 3.03+0.06" 230.49+2.06' 311.33+4.91"

Each value represents the mean + SE. The mean values with different superscript alphabets indicate
significant differences (P < 0.05).
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Table (5):

Effect of experimental diets on Liver functions

ALP AST ALT Total protein | Albumin Globulin
Groups (IUIL) (UIL) (UML) (g/dL) (g/dL) (g/dL)
Control 194.12+¢2.99° | 114.8740.71° | 69.50+0.58° 5.75+0.08% 3.70+0.20%®° | 2.05+0.16™
Faba bean
Cooked 165.63+2.43% | 103.07+0.87° | 51.37+2.31" | 5.69+0.60™ 3.7040.20% | 1.99+0.77"
Germinated | 160.55+2.42° | 98.60+1.22° | 65.00+0.98° | 6.294+0.11% 4.0640.25% | 2.23+0.27"
Chickpea
Cooked 188.35+5.33° | 99.73+1.01° | 52.274#1.15° | 6.19+0.22 4.15+0.02* | 2.05+0.22°*
Germinated | 181.66+4.40%° | 93.53+0.29% | 46.87+0.58" | 7.40%0.09° 4.25+0.13% | 3.15+0.17%°
Lentil
Cooked 183.5145.90™ | 112.07+0.66° | 40.50+0.61° 5.67+0.07% 3.87+0.11%° | 1.80£0.17%
Germinated | 179.735.53%° | 92.00 +0.35° | 39.70+0.15° | 6.82+0.13°" 4.22+0.11° | 2.60£0.10°°
White bean
Cooked 184.33+7.21%° | 111.6740.35" | 53.30£0.46° 5.3110.16° 3.87+0.19%° | 1.4440.33°
Germinated | 182.35+4.09%° | 93.93+0.47° | 62.90+0.58° | 5.78+0.09 3.60£0.21° | 2.18+0.26™
Fenugreek
Cooked 172.30+3.95° | 107.00+0.35° | 44.70+0.58" 5.62+0.09% 4.1640.01% | 1.46+0.08°
Germinated | 170.38+3.22° | 95.53+1.67" | 49.63:t0.97* | 6.91+0.10° 3.99+0.20®° | 2.92+0.15%

Each value represents the mean + SE. The mean values with different superscript alphabets indicate significant
differences (P < 0.05).
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Table (6):

Effect of experimental diets hematological profile

Hemoglobin Hematocrit . 5 Platelets X 1077yl
Groups (a/dl) %) RBC X 10°/ul WBC X 10°/ul

g (o]
Control 14.20+0.46%° 46.70+2.41%° 7.71+0.48° 13.43+1.39%° 1013.34+1.86%
Faba bean
Cooked 14.03+0.44% 47 53+1.82% 7.93+0.37% 15.1041.04* 1011.31+0.88%°
Germinated 13.80+0.26™° 45.33+1.50% 7.64+0.36° 10.43+0.93%° 1011.67+1.67%
Chickpea
Cooked 13.53+0.63%° 46.23+1.85% 7.49+0.49° 13.23+1.19%° 1012.65+0.88°°
Germinated 14.27+0.13% 48.17+0.35% 8.01+0.13° 12.4042 46>° 1014.68+1.45°
Lentil
Cooked 13.83+0.14%*° 45 63+0.65% 7.80+0.14° 10.30+0.85™ 1015.33+0.32°
Germinated 15.20+0.64° 51.30+2.08° 8.41+0.65° 13.63+2.98%° 1014.67+2.60°
White bean
Cooked 13.83+0.33%° 45.67+1.60% 7.67+0.12° 15.40+2.92%° 1012.35+1.20%°
Germinated 13.29+0.29"° 43.13+0.18° 7.37+0.13° 12.63+1.12%° 1011.67+4.41%°
Fenugreek
Cooked 13.304£0.29 ™ 4537+1.24% 7.44+0.14° 12.47+1.69°° 1011.33+0.86%°
Germinated 14.07+0.32%° 46.30+0.61% 7.70+0.17° 12.17+1.29° 1008.00+1.10°

Each value represents the mean + SE. The mean values with different superscript alphabets indicate significant
differences (P < 0.05).
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Table (7):
Severity of recorded histopathological lesions of liver in tested groups
Groups Vacuolar degeneration of | Hepatocellular Congestion of hepatic
hepatocytes necrosis blood vessels
Lesion
CLntr_ol +++ +++ +++
Faba bean
Cooked ++ ++ +
Germinated ++ ++ +
Chickpea
Cooked +++ ++ +
Germinated ++ + ++
Lentil
Cooked ++ - +
Germinated ++ - +
White bean
Cooked +4 * +
Germinated ++ ++ +
Fenugreek
Cooked +++ ++ +
Germinated ++ ++ -
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