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Abstract

Broad bean and red onion are common Egyptian foods that many Egyptians are accustomed to eat them
together as a part of daily diet. The aim of this study was to explore the effect of daily intake of broad bean and red onion
on weight loss properties in obese rats. Chemical composition, total polyphenols and anthocyanins were determined in
both foods. Forty-five Sprague Dawley rats were divided into two groups. Negative control group (n=9) and high fat diet
group (n=36). After inducing obesity (4 weeks), they were divided into four equal groups (n=9);high fat diet, high fat diet
with 5% broad beans , high fat diet with 5% red onions and high fat diet with 5% broad beans and 5%red onions
respectively for another 4 weeks. Anthropometric measurements (body mass index) and biochemical analyses (serum
lipids profile and leptin concentrations) were carried out. Results showed that the outer layer of red onion contained
significantly higher amount of polyphenols than broad beans and lower layer of red onion. Anthocyanins were detected in
red onion but no detected amounts were found in broad bean. Results indicated that the body mass index and serum
lipids profile, specifically triacylglycerols were significantly higher in high fat diet fed group .The addition of broad beans
or red onions caused significant improvement in all studied parameters but the most favorable effects were observed in
broad beans and red onion combination group due to multifactor effect of their components. Further research, including
clinical trials to elucidate the mechanisms of action and the influence of different fractions of polyphenols contained broad
bean and red onion are recommended.

Keywords: broad beans- red onion -polyphenols- anthocyanins- lipids profile- body mass index- leptin- obesity- rats.

Introduction

The prevalence of obesity has increased at an alarming rate in both developed and underdeveloped countries
during the last three decades, and this appears to be more pronounced in women (Badran and Laher, 2011). Excess
weight is the sixth most important risk factor for worldwide disease burden (Ezzati et al., 2002) and is associated with
diabetes mellitus (Day and Bailey ,2011), cerebral and cardiovascular diseases (lbarra ,2009) and various cancers
(Ceschi et al., 2007). The prevalence of obesity in Egypt according to 2010 WHO estimates, 22% of males and 48% of
females over the age of 15 were classified as obese, making Egypt the country with the second highest prevalence of
obesity in the Arab countries after Kuwait ( WHO ,2005).

Polyphenols from various fruits, vegetables, legumes, cereals and herbal plants were reported to protect from
liver damage, have immune enhancement potential, anti-infection, anti-stress, anti-cancer effects (Valko et al., 2007).
Recently, the role of polyphenols in controlling body weight is also reviewed. Some flavonoids such as catechins and soy
isoflavones can modestly reduce weight (Hurt and Wilson ,2012).
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Hughes et al., (2008) found that women with the highest intake of total flavonols/flavones and total catechins
experienced a significantly lower increase in BMI of 0.40 and 0.31 respectively. These results suggested that flavonoid
intake may contribute to maintaining body weight in the general female population. Animal studies have shown that
catechins increase energy expenditure, increase glucose uptake in skeletal muscle, decrease glucose uptake in adipose
tissue, and prevent obesity in a dose-response manner (Choo , 2003 ,Wolfram et al., 2005) . The anti-obesity effect of
the major dietary flavonols (quercetin, myricetin, and kaempferol) and the major dietary flavones (luteolin and apigenin)
was reported to be happened through mechanisms such as influences on glucose uptake and fatty acid catabolism
(Strobel et al., 2005 , de Boer et al., 2006). Other subclasses of flavonoids were proved have an effect on adipokine
secretion and up-regulation of gene expression (Prior and Wu, 2006 , Tsuda ,2008).

Faba beans (Vicia faba L.), also commonly known as broad beans and fava, horse, are widely consumed in
different parts of the world including Egypt, Sudan, Netherlands, Spain, Saudi Arabia, India and China (FAO ,2009). In
addition to its nutritional importance, broad beans have been shown to have lipid-lowering effects and may also be a
good source of antioxidants and and chemopreventive factors including phenolic compounds (Madar and Stark, 2002)
and contain other minor components that have potential impact on human health(Campos-Vega et al., 2010).

Onion (Allium cepa L.) is a versatile vegetable that is consumed fresh as well as in the form of processed
products. Onion is rich in flavonoids such as quercetin, phenolic acids, cepaenes, thiosulfinates and anthocyanins
(Elhassaneen and Sanad, 2011). The major flavonoid found in red and yellow onions was quercetin (Abdel-Moemin,
2004). Onion contains also sulphur compounds, such as cysteine and allyl propyl disulphide. These compounds possess
antidiabetic, antibiotic, hypocholesterolaemic, fibrinolytic, and other various beneficial biological effects (Dorant et al.,
1995, Banerjee and Maulik , 2002).

Some Egyptians are accustomed to eat broad bean and red onion together as a part of their diet. The present
study hence aimed to explore the effect of supplementation of high fat diet with 5% broad bean or 5% red onion and
their combination on weight loss properties, lipids profile and leptin concentration in obese rats.

Materials and Methods

Reagents and Chemicals:
Casein, vitamins, minerals, cellulose, choline chloride were purchased from El-Gomhoreya Company, Cairo,
Egypt. Folin-Ciocalteu reagent (FCR), lanthanum (lll) chloride heptahydrate, FeCls.6H,0, CuCl..2H;0, 2,9-dimethyl-
1,10-phenanthroline (neocuproine), and cholesterol of analytical grade were purchased from Sigma Chemical Co.,(Nasr
City, Cairo) Egypt. Kits for lipid profile and leptin radioimmunoassay (RIA) kit (Linco Research, St. Charles, MO, USA)
were obtained from Egyptian American Company for Laboratory Service, Egypt.

Preparation of Broad Bean and Red Onion Samples

Raw broad bean (Vicia faba L) 5-10 mm diameter and raw red onion (Allium caepa L) medium size bulbs
weighing 120g with 3 inches in diameter were purchased in September 2011 from the local market, Giza, Egypt. Both
foods were identified as Giza 2 for broad bean and Beheri for onion by Field Crops Research Institute, Agricultural
Research Centre, Giza, Egypt.

Broad Beans were washed under running water, soaked at room temperature (25°C) for 48 hours, 3 water: 1
bean proportion in a glass container with changing water 3 times a day. Broad beans were weighed, frozen in liquid
nitrogen, lyophilized for 2 days, milled to fine powders and kept frozen at -20°C until required to be mixed with the diet.
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The bulbs of red onions were peeled, cleaned and washed. The top six layers were removed from onion and
weighed, chopped with a plastic knife, and liquid nitrogen was added to dry up the tissues. A weighed portion was then
lyophilized for 72 h (Virtis model 10-324), and the dry weight was determined. The samples were ground and stored at -
20°C until analysis.

Determination of Chemical Composition of Broad Beans and Red Onion:

Total solids were determined following the methods described by the Association of Official Analytical Chemists
(AOAC, 2000). Nitrogen content was determined by using Kjeldahl, (1883) method and multiplied by a factor of 6.25 to
determine the crude protein content. The moisture content was determined by drying the samples, at 105°C, to a
constant weight. Crude fat was determined by Soxhlet method. Dietary fiber content of the defatted samples was
determined by decomposing the starches with acids and the proteins with base and then filtered (Nielsen, 1998). Total
carbohydrate content was obtained by difference. To measure total solids, the samples were put in a microwave oven
with 200 Watt motor for 20 min until constant weight, and results were expressed as gram of total solids per gram dry
weight (g / g DW).

Determination of Total Phenolic Content :

Phenolic compounds were extracted by adding one gram of lyophilized broad bean or red onion to 100 ml of
methanol/water (1:1) and kept at room temperature in dark place for 24 h.The amount of total phenolics content was
determined using Folin-Ciocalteu reagent (Singleton and Rossi ,1965). One hundred microlitres of extract was diluted
with the same amount of methanol. One hundred microlitres Folin—Ciocalteu reagent and 500 mis 20% NazCos were
added to it. The tubes were mixed and 200 mis 20% Na>Cos; were also added. The tubes were centrifuged for 3 min at
3000 rpm and allowed to stand for 20 min in a dark place at room temperature. The absorbance was measured at 735
nm in a spectrophotometer. The standard curve was plotted using gallic acid. The amount of total phenolics was
calculated as gallic acid equivalents (GAE) in milligrams per gram dry weight (mg GAE/g DW).

Determination of Total Anthocyanins:

The total amount of anthocyanins content was determined as described by Fuleki and Francis (1968)
measured by a spectrophotometer at 535 nm. The absorbance of the samples (A) was calculated as follows:
Anthocyanin pigment content (mg/liter) = (A x MW x DF x 1000)/ (e x 1).

Where A= [(Absorbance A vis-max-210) pH 1.0] - [(Absorbance A vis-max-A750) pH 4.5] , Molecular weight of
anthocyanin (cyd- 3-glu) = 449
Extraction coefficient (¢) =29.600 , DF=Diluted factor

Rats, Diets and Experimental Design:

Forty-five adult male Sprague Dawley rats weighing (200-210 g) were obtained from the laboratory animal
colony, Ministry of Health and Population, Helwan, Cairo, Egypt. Rats were housed individually in stainless steel cages in
an environmentally controlled animal laboratory conditions and given food and distilled water ad libitum during the
experimental period. Rats were adapted for one week on an AIN-93M basal diet (Reeves et al., 1993) before being
assigned to dietary groups. After the adaptation period, the rats were divided into two main groups. The first group (9
rats) continued on basal diet and was kept as negative control group (NC). The second group (36 rats) was fed on high
fat diet ( HF ) that contain 19% saturated fat and 1% soybean oil for 4 weeks in order to induce obesity.

The initial determination of obesity in this study was conducted after two weeks from feeding high fat diets to
rats. Initial blood sample analysis was taken from each rat groups to test lipid profile in order to carry on feeding high fat
diet solely or shift to the treatments (broad beans, red onion or their combination), specifically total cholesterol and
triacylglycerol. The cut off point was 90mg/dl and 95mg/dl for total cholesterol and triacylglycerol respectively (Lim et al.,
2009).
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Obese animals in the HF diet group were randomly divided into four sub-groups that were fed for another 4
weeks on the following diet scheme:
HF group: fed on high fat diet and kept as positive control group.
HFB group: fed on high fat diet supplemented with 5% dried broad beans.
HFO group: fed on high fat diet supplemented with 5% dried red onions.
HFBO group: fed on high fat diet supplemented with both dried broad beans and dried red onions at 5% level.

Biological Evaluation and Body Mass Index of Rats

The biological evaluation for different groups was carried out by determination of feed intake and body weight
gain percent. The amount of feed consumed and rats’ body weight were recorded twice a week using digital balance.
Rats’ body weight and body length were used to calculate body mass index [BMI = body weight (g)/length2 (cm)] of
each rat after feeding high fat diet for 4 weeks and at the end of the experimental period. The rats’ body length (nose-to-
anus or nose—anus length) was done in anaesthetized rats (Novelli et al., 2007 , Altunkaynak and Ozbek , 2009)
using non-stretch tape.

Biochemical Analysis

At the end of the feeding period, rats were sacrificed following an overnight fast. Animals were lightly
anesthetized with diethyl ether. Blood samples were taken from the orbital venous plexus by means of fine capillary glass
tubes. Blood samples were centrifuged for 10 minutes at 3000 rpm to separate the serum. Serum was carefully
separated into clean dry Wassermann tubes by using a Pasteur pipette and kept frozen at -20°C until analysis.

Collected sera were used for the determination of total cholesterol (TC) (Allain et al ., 1974 ) triacylglycerol
( TAG) (Bucolo and David , 1973),high density lipoprotein cholesterol ( HDL-C) ( Lopes-Virellaet et al., 1977). Low
density lipoprotein cholesterol (LDL-C) and very low-density lipoprotein cholesterol (VLDL-C) were calculated using
Friedewald and modified Friedewald formula (Friedewald et al., 1972 , Francisco et al., 2008) respectively which
assumes that the suggested formula (VLDL-C & LDL-C) values should be given instead of separate LDL-C and VLDL-C
ones.
Modified Friedewald formula (MFF): LDL-C (mg/dl) = Non-HDL-C x 90% - TG x 10%.

Serum leptin concentration was measured according to (Ahren et al., 1997 ) and the detection limit was 0.5
ng/ml . All measurements were conducted in triplicates
Statistical Analysis:

The statistical analysis was performed using SPSS software programme version 16 for windows; SPSS, Inc
.Results were expressed as mean + standard deviation (SD). The difference among groups was evaluated by a one way
ANOVA . Duncan’s test was used as a post-hoc test to compare the significance among the groups. The probability
value used for statistical significance was p < 0.05 (Steel and Torrie, 1980).

Results

Chemical composition of broad beans and red onion were presented in Table (1). The broad bean contain
22.5% protein (nitrogen content X 6.25), 1.5% fat, 55.5% carbohydrate, 6.5% fiber, 10.4% moisture and 3.6% ash while
the protein, fat, carbohydrate, dietary fiber , ash and moisture contents in red onion were 1.1%, 0.1%, 8.1%, 1.8%,
88.5% and 0.4% respectively .

Results in Table 2 showed the content of total polyphenols and anthocyanins in broad beans and red onion.
Polyphenols were higher in outer layer than in lower layers of red onion representing 24.9+0.8 vs. 12.940.3 mg GAE/g
DW respectively. The anthocyanins content in outer and lower onion was comparable. No detectible amount of
anthocyanins was found in broad bean while it contain 18.08+ 2.3 mg GAE/g DW polyphenols.
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Rats in all experimental groups were apparently healthy, showing no pathological signs or abnormalities during
the entire experimental period. The body length, initial body weight, final body weight, final body mass index and feed
intake of experimental groups were shown in Table (3). All experimental groups had similar body weights at the
beginning of the study. Although feeding HF caused significant weight gain compared with animals fed basal diet ( NC),
the groups fed HF diet containing 5 % broad bean, 5% red onion or their combination. Feed intake was significantly
higher in HF group than NC group (29.0 + 1.7 g/ day vs. 18.2 + 3.4 g/ day respectively The BMI results were summarized
in Table (3). As expected, the mean of BMI was 0.67+0.02 g/cm2 in the NC group and 0.98+0.07 g/cm? in the HF group.
The difference between the BMI values of the two groups was statistically significant (p<0.05). The present study showed
that the BMI in rats fed HFB, HFO and HFBO were significantly lower than that in rats fed the HF diet. The more
pronounced reduction in BMI was observed in HFBO group which was approach from NC group. The administration of
5% broad bean or its combination with red onion caused significant reduction in feed intake compared to HF group.

Table (4) showed serum TC Serum total cholesterol, triacylglycerol and lipoprotein fractions for all experimental
groups. The concentrations of TC, LDL-C, VLDL-C and TAG were significantly higher in the HF group compared to NC
group. Total cholesterol values were significantly lower among groups fed broad beans and red onion based diets
compared to HF group. Serum triacylglycerol concentrations were significantly decreased in all groups of rats
supplemented with broad beans. The most notable improvement was observed in HFBO group. Regarding lipoprotein
fractions, serum HDL-C concentration was significantly elevated, while LDL-C and VLDL-C were significantly decreased
in HFO, HFB and HFBO groups compared with the HF group

Serum leptin concentrations of NC, HF and treated groups were presented in Table (5). HF group was
significantly higher as compared with the NC group. The administration of broad bean, red onion or their combination
caused significant improvement in leptin concentrations. Broad bean administration together with red onion significantly
reduced the leptin levels to a point comparable to that of the negative control group.

Discussion

Administration of broad bean, red onion and their combination apparently lowered weight gain and BMI in rats
fed a high-fat diet compared to positive control group (HF). Similar result was reported that hypercholestrolemic rats fed
on vicia faba diets showed significantly lower body weights and energy intakes than rats fed on casein diets( Macarulla
et al., 2001).The combined effects of plant components included in these supplements could be responsible for the
observed lower body weight gain and reduced BMI in the HFB,HFO and HFBO groups.

It was reported that phytochemicals such as quercetin in broad bean are potential agents to inhibit
differentiation of preadipocytes, stimulate lipolysis, and induce apoptosis of existing adipocytes, thereby reducing the
amount of adipose tissue (Andersen et al., 2010) which in tumn reduce body weight gain. In addition, other studies
showed that anthocyanins have a significant potency of anti-obesity and ameliorate adipocyte function in in vitro and in

vivo systems (Tsuda , 2008 , Abdel-Moemin , 2011). Reducing feed intake in broad bean, red onion and their

combination groups may imply also suppression of appetite and feeling of satiety probably through regulation of leptin
secretion as discussed below. Leptin plays important role as satiety signal and acts as a marker of adipose tissue mass .

Other components in broad bean such as fiber, protein , phytic acid and slowly digestible and resistant starch
were implicated also in providing satiety and delay the retumn of hunger. Pulses are high in fiber of this, approximately
one-third to three-quarters is insoluble fiber and the remaining is soluble fiber. Insoluble fiber is associated with fecal
bulking through its water-holding capacity, whereas soluble fiber ferments, positively affecting colon health through
production of short chain fatty acids, lowered pH, and potential microbiota changes. Viscous soluble fiber may also
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increase gastric distention and help to slow gastric emptying rate (Howarth et al., 2001). Moreover, the protein in pulses
(Pai et al., 2005) has been implicated in providing satiety. Phytate has been shown to reduce the in vitro rate of starch
digestion and delay postprandial glucose absorption in humans (Thompson et al., 1987), which could contribute to
satiety . On the other hand, a number of reports infer a slowly digestible or resistant character of the starch in pulses
(Guillon and Champ ,2002), so both types of starch have effect on satiety.

The high-fat diet induced dyslipidemia in rats which was ameliorated by supplemented diets with the studied
foods. These rats showed significant decrease in total cholesterol, triacylglycerol, LDL-C and VLDL-C concentrations.
This was associated with an increase in high density lipoprotein cholesterol. All treatments, however, preserved these
parameters at a different degree. The content of photochemicals in these foods would have biological activities that
improve certain metabolic parameters associated with high fat diets. This hypothesis is supported by several published
reports that the consumption of dehydrated onion product had significant cholesterol lowering and antioxidant effects
(Vidyavati et al., 2010), serum HDL-C was higher in rabbits fed on black rice rich in anthocyanins compared with rabbits
fed on white rice (Abdel-Moemin , 2011), triglyceride levels of mice fed on HF diet were improved after feeding with
quercetin ( Kobori et al.,, 2011), anthocyanins from black soybean extract reduced plasma total cholesterol and TAG
levels in rats ( Park et al., 2007) and polyphenols derived from adzuki beans improved lipid metabolism in mice fed
high-fat diets (Nishi et al., 2008) . They suggested that polyphenols has an inhibitory effect on the activity of acetyl-CoA
carboxylase; an enzyme that leads to the production of malonyl-CoA for the biosynthesis of fatty acids. In addition, (Zang
et al., 2006) revealed that polyphenols can lower hyperlipidemia in diabetes by activating the 5 adenosine
monophosphate-activated protein kinase .

The observed improvements in lipid profile in broad bean supplemented groups may be attributed to its content
of fiber. In this context, it has been described previously that fiber can reduce the absorption of dietary fat ( Lairon ,
1996, Macarulla et al., 2001)

The HF diet induced an increase in the plasma leptin level as compared with the NC diet. The occurrence of
obesogenic parameters such as hyperleptinemia, hypercholesterolemia and hypertriglyceridemia lends support for the
label of an obese status. In the light of this, leptin and insulin insensitivity can ensue, with the loss of hormonal satiety
signals in obese animals (Strader and Woods, 2005). Moreover, it was worthy noted that each dietary supplement
irrespective of its composition, significantly reduced the plasma leptin levels even when rats were on the HF diet.
Therefore, polyphenols and anthocyanins exerted also a modulating effect on leptin secretion. It is possible that
controlling body weight gain partly contributes to the decrease in plasma leptin because leptin is typically present in the
circulation at levels proportional to fat mass (Maffei et al., 1995).

In conclusion, the supplementation of broad bean and red onion together is more favorable than the broad
bean diet or onion diet alone in controlling body mass index, improving lipid profile and leptin levels which can be
explained by the multifactor effect of their components. Overall, the anti-obesity effects of these foods demonstrated a
potentially important dietary supplement for the prevention and attenuation of obesity and related disorders. However,
further research, including clinical trials to elucidate the mechanisms of action and the relative influence of different
fractions of polyphenols contained broad bean and red onion is required.
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Table (1) :
Chemical composition of broad beans and red onion.
Basic Components Broad beans % Red onion%
Protein 22:5 1.1
Fat — Total 1.5 0.1
Carbohydrates 556 8.1
Dietary Fiber 6.5 1.8
Moisture 104 88.5
Ash 3.6 0.4
Table ( 2):
Total polyphenols and anthocyanins in broad beans and red onion.
Polyphenol Anthocyanins
Food ltems SRS Ry
(mg GAE/g DW) ( mg CGE /g DW)
Broad beans 18.08+2.3° ND
Upper layer red onion 24.9+0.8° 14.4+2.7°
Lower layer red onion 12.940.3° 13.244.9°

Values are mean +SD of three measurements. GAE: gallic acid equivalent, DW: dry weight, CGE
:cyanidine-3-glucoside equivalent , ND : not detected.
Mean values which have unlike superscript letters within a column were significantly different (p<0.05).

Table( 3):
Body length, initial body weight, final body weight, final body mass
index and feed intake of experimental groups.

Initial body ) ) Final
Giviina Body length weight Final body weight BMI Feed Intake
/d
(cm) (@) (9) (g/cm?) ( g/ day)
NC 20.2+0.3° 201+3.3° 273.4+2.7° 0.67+0.02° 18.2 + 3.4°
HF 19.940.1% 20245.1° 388.1+3.8° 0.98+0.07° 29.0+1.7°
HFB 20.5+0.6° 205+4.5° 302.6+4.1° 0.72+0.02° 18.6 + 4.5°
HFO 20.0+0.7% 200+2.6° 280.9+1.5% 0.70+0.05° 15.2 + 2.5°
HFBO 20.9+0.4° 207+3.2° 279.6+1.9° 0.64+0.08° 17.4 + 36°

Values are means + SD. BMI: body mass index, NC: negative control group, HF: high fat diet group, HFB: HF with 5%
broad beans, HFO: HF with 5% red onions, HFBO: HF fed on a combined broad beans and red onions at 5%. Mean
values which have unlike superscript letters within a column were significantly different (p<0.05).
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Table(4):
Serum total cholesterol, triacylglecrol and lipoprotein fractions of experimental groups.

TC TAG HDL-C LDL-C VLDL-C

SaUps (mg/di) (ma/dl) (mg/dl) (mg/dl) (mg/dl)
NC 65.041.3° 50.0+ 1.3° 39.0% 2.4° 16.0+ 0.37° 10.0£0.71°
HF 101.0£2.7° 108.61 1.7° 29.1+ 1.7° 31.4%0.37° 40,6+ 0.93°
HFB 85.0+ 3.3° 99.4+ 1.5 33.5¢1.0° 21.50 0.37° 30.0+ 1.2°
HFO 80.0+ 2.5° 76.1% 0.97% 38.64 1.5° 18.94 0.37% 22.5¢1.7%
HFBO 725+ 1.7% 59.0% 0.65° 40.0% 1.3° 17.3+0.37° 15.2+ 0.6%

Values are means + SD. NC :negative control group, HF: high fat diet group, HFB: HF with 5% broad beans, HFO:
HF with 5% red onions, HFBO: HF fed on a combined broad beans and red onions at 5%,

TC: Total cholesterol, TAG: Triacylglecrol, HDL-C: High density lipoprotein cholesterol, LDL-C: low density lipoprotein
cholesterol and VLDL-C: Very low density lipoprotein cholesterol. Mean values which have unlike superscript letters
within a column were significantly different (p<0.05).

Table( 5 ):
Serum leptin concentrations of experimental groups.

groups Leptin (ng/ml)
NC 2.19+2.3°
HF 24 8+ 1.6°
HFB 10.8+ 1.4°
HFO 9.8+26"°

HFBO 6.8+ 2.5%

Values are means + SD. NC :negative control group, HF: high fat diet group, HFB: HF
with 5% broad beans, HFO: HF with 5% red onions, HFBO: HF fed on a combined broad
beans and red onions at 5% .Mean values which have unlike superscript letters within a
column were significantly different (p<0.05).
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