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ABSTRACT

The current study was undertaken to analyse the effect of aflatoxin on protein and fat in nuts (almonds and walnuts) and
to evaluate the protective effect and antioxidant activity of ascorbic acid in aflatoxin contaminated nuts. Almond and
walnut were stored for six months at high temperature and humidity. The results showed that aflatoxin B1, B2, and G2
were higher in walnuts whereas G1was higher in aimond after six months storage. The results suggested that protein and
fat decreased significantly, while highly significant increase was observed in moisture content. Vitamin C is an important
non enzymatic antioxidant and a free radical scavenger, thereby prevents the production of electrophilic metabolites. The
lowering effect of vitamin C in aflatoxin contaminated nuts was investigated in experimental rats. Fifty white albino rats
were randomly classified into five groups: (1) control negative (-ve), (2) 4%almond in basal diet, (3) 4%walnutsin basal
diet, (4) 4%amond with vitamin Cin basal diet and(5) 4%wal nuts with vitamin C in basal diet) groups. Consumption of
almond and walnuts contaminated with aflatoxin alone or in combination with vitamin C showed dight increase in final
weight, body weight gain and food intake as compared to control negative group. Administration of vitamin C with
almond or walnuts reduced the higher level serum ALT, AST, ALP and y GT but liver cholesterol, total lipid,
triglyceride and glycogen were within normal values. Consumption of walnuts in combination with vitamin C showed
significant increase in serum total bilirubin, creatinine and urea compared to control negative group but lower as
compared to consumption of walnuts only and showed normal value of serum uric acid. This study proved that vitamin

Clowers the effect of aflatoxin.
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INTRODUCTION

Nuts contain high levels of protein, fat and
dietary fibers, which in association with their pleasant
flavor and convenience, have led to the recommendation
that they should be an essential part of healthy diet. This
was recently endorsed by allowance of a qualified health
claim for a relationship between the consumption of nuts
and reduced risk of coronary heart disease (CHD) by the
Food and Drug administration (FDA ,2003). Almonds
(Prunes Amygdalus L) have several Health Benefits.
Regular consumption of almonds helps to increase the
level of high density lipoprotein and reduce the level of
low density lipoproteins. This balance is vital to a healthy
cholesterol level, and reduction of LDL (bad cholesterol)
is aways a good thing to reduce heart attack risk.
Almonds are packed with vitamins, minerals, protein
fiber and are associated with number of health benefits
Jjust a handful of almonds, approximately one ounce,
contains one-eighth of our necessary daily protein(
Minsh, 2014)Almonds are a source of Vitamin E, copper,
magnesium, and high quality protein. Almonds also
contain high levels of healthy unsaturated fatty acids in
addition to a lot of bioactive molecules (such as fiber,
Phytosterols, vitamins, other minerals, and antioxidants)
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which can prevent cardiovascular diseases (Brufau et al,
2006).Almonds contain riboflavin and L-Carnitine,
nutrients that boost brain activity and may also reduce the
risk of Alzheimer’s disease. Almonds reduces
osteoporosis, boosts immune function, low energy and
weight gain (Herrington, 2012). Walnuts contain number
of neuro-protective compounds, and contain the amino
acid L- Arginine which offers multiple vascular benefits
to people with heart disease (Bahorun et al., 2006) The
walnut is classified as a strategic species for human
nutrition and is included by Food and Agriculture
Organization of United Nations (FAO) in the priority list
of plant based nutrition (Aryapak and Ziarati 2014).
Nuts susceptible to fungal (mold) infection, especially by
aflatoxin and considered as a high risk commodity due to
the contamination of aflatoxin. Aflatoxins are highly
carcinogenic, immunosuppressive agent highly toxic and
fatal to humans and animals particularly affecting liver
and digestive tract. Aflatoxin is a potent human
carcinogen It is a naturally occurring toxic metabolite
produced by certain fungi (Aspergillus flavus),a mold
found on food products such as corn and peanuts
butter(Felicia, 2004) Glutamine aflatoxins are very
powerful dangerous toxins, highly carcinogenic,
immunosuppressive agents, highly toxic and fatal to
humans and animals particularly affecting liver cirrhosis
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and cancer and digestive track. Its toxic metabolites
produced by different species of toxigenic fungi are
called mycotoxins. At least 14 different types of aflatoxin
are produced in nature (Wagacha and Muthomi 2008).
Mycotoxins include the most widely studied aflatoxins B,
(AFB,), B2 (AFB), G1 (AFG:) and G, (AFGy). These
mycotoxins are produced as secondary metabolites
mostly by some species belonging to Aspergillus flavus
section, when growing on a variety of food products
(Rodrigues et al.,2012). Aflatoxins Bi (AFB1) is
considered as the most dangerous toxic metabolite
because of its hepatotoxic, teratogenic
immunosuppressive and mutagenic nature. AFB1 is the
main aflatoxin found in nuts, and as it is dangerous for
health, the European Union (EU) has set a maximum
level at 8 pg/kg in samples (FAO, 2004; Wesolek, and
Roudot, 2014). Bad storage condition especially moisture
content above 12% and temperatures greater than 70° F
can aso contribute to fungal growth and increase the risk
of aflatoxin contamination. 25% of the food crops in the
world are affected by mycotoxins. Beans, rice, corn,
cottonseed and peanuts are the crops most at risk of being
contaminated by aflatoxins(Wang and Liu, 2006;
Shadbad et al., 2012) Aflatoxins metabolize to epoxides
which bind to guanine in DNA, and lead to lipid
peroxidation by robustly generating reactive oxygen
species (ROS) and release mutagenic malonaldehyde as
well as lead to direct cell injury (Jubeen et al., 2012).The
significant reduction in vitamin C level as well as in the
activities of glutathione metabolizing enzymes in kidneys
of Aflatoxinl administered rat could be responsible for
increased  lipid  peroxidation observed  during
aflatoxicosis (Abdel-All  etal.,2008).Consumption of
Aflatoxin contaminated food may lead to nutritional
deficiency. Moreover species susceptible to aflatoxin
mainly depends on its liver detoxification systems,
genetic, age and other nutritional factors (Wild et al.,
2000). Ascorbic acidis the water soluble antioxidant,
which can protect the body from damage caused by free
radicals that can be generated during normal metabolism
as well as through exposure to toxins and carcinogens (
Rafighi et al.,2011).In mammalian cells, vitamin C serves
as cofactor for reactions that require reduced iron and /or
copper metal co -enzymes. Another important indirect
function of Vitamin C is its ability to regenerate other
biologically important antioxidants such as | glutathione
and vitamin E into their reduced state. The aim of this
study is to find the effect of improper storage in aflatoxin
contamination of nuts and to investigate the effect of
vitamin C against aflatoxin contamination

MATERIALSAND METHODS

Materials. Almonds and walnuts were purchased from
local market in Riyadh; Saudi Arabia. Vitamin C was
purchased from Sigma Chemical CO., in Riyadh. All
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chemicals , solvents and biochemica Kits were
purchased from Glasgow CO. Fifty white albino male
rats (Sprague Dawley strain) weighing 180+5g were
provided from experimental animals center in Medicine
Collage of King Saud University in Riyadh.:Rats were
randomly classified into five groups (10rats in each)
as® Control negative group fed on basal diet only (-ve).
#Almond group: fed on basal diet with 4% aflatoxin
contaminated almond. &Walnuts group: fed on basal diet
with 4% aflatoxin contaminated walnuts. & Almond with
vitamin C group: fed on basal diet with 4% aflatoxin
contaminated almonds and vitamin C by stomach
tube.®Walnuts with vitamin C group: fed on basal diet
with 4% aflatoxin contaminated walnuts and vitamin C
by stomach tube.

Animal adaptation: Rats were placed for an adaptation
period of one week and were fed on basal diet to allow
them to adjust to the new environment. Rat were
individually housed in stainless steel cages at room
temperature about 25+2C° with water bottles under
hygienic condition and fed diet ad libitum.

The basal: diet consists 140g casein (83%protein),100g
sucrose,50g corn  0il,50g cellulose,35g minerals
ixture,10g vitamin mixture,1.8g L cysteine, 2.5 g choline
chloride, and the remainder 610.6g corn starch. The basal
diet was formulated according to (NRC, 1995)

Samples. Almonds and walnuts samples (100g of each)
were analyzed before  treatment and were stored in
polyethylene bags (200g of each nut) under room
temperature at 55% humidity for 6 months.

M ethods:

Chemical analysis. Moisture, ash, crude fat, crude
protein and crude fiber were determined by standard
method of A.O.A.C. (2012). Nitrogen Free Extract (NFE)
representing the total carbohydrates was calculated by
subtracting the sum of the percentages of moisture, crude
protein, crude fat, ash and crude fiber from 100. Nitrogen
was determined by Kjeldhal analysis, multiplied by 6.25
and reported as protein. The moisture content of nuts
samples were measured using drying oven. The daily
food intake and weekly body weight were recorded. Feed
efficiency ratio (FER) was calculated according to
(Bhilave et al., 2012).After the experimental period 45
days) blood and liver were collected. Serum Aspartate
(AST) and Alanine Amino Transferase (ALT).Serum
Alkaline Phosphates (ALP) and Gamma Glutamyle
Transferase enzymes were estimated by using
Spectrophotometer according to method described by
(Sahoo et al., 2014). Serum total bilirubin, creatinine,
urea and uric acid were estimated according to
methodology adopted by (Sirgjwala et al., 2013). Serum
cholesterol (CHO), triglycerides (TG), and high density
lipoprotein cholesterol (HDL-c) were determined. In
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addition, liver glycogen, triglyceride (TG), tota lipids
and cholesterol were determined according to the method
prescribed by (Jun et al., 2008).

Aflatoxin Analysis: Aflatoxin B1, B2, G1 and G2 were
chemically estimated as described by (Ostadrahimi et al,
2014; Amiri et al., 2013) according to A.O.A.C, (2007)
specifications. Samples were analyzed by the ELISA
(enzyme-linked immune sorbent assay), using a
monitoring scheme consisting of enzyme-linked immune
sorbent assay (ELISA) for rapid screening, high
performance liquid chromatography (HPLC) for
guantification and LC-mass spectrometry (MS) for
confirmation. Evauation of ELISA data as well as the
AF concentration was performed using the software
program (Euro Clone S.P.A: Italy). Almond and walnuts
were crushed into powder using a Kenwood grinder
(Mainland, Ching) into fine particles and fed to rats as 4
% of the diet. Vitamin C was given to rats at dose 250
mg/kg body weight in 5.0 ml of the vehicle by stomach
tube all over period of the experiment(45)days)

Statistical Analysis: Analysis of variance was performed
by ANOVA procedures. Significant differences between
means were determined by Duncan’s multiple range tests
(Abo- Allam,2003).

RESULTS

Figure (1A) depicts the gross chemical
composition of aimond and walnuts. The higher levels of
protein, fiber and carbohydrate were found in almonds,
while walnuts contain very high levels of fat and also
found to be rich in protein. Data in fig 1 B shows
significant decrease in fat, protein, fiber and carbohydrate
respectively in contaminated almonds and walnuts while
moisture content increased in both nuts. After six month
of storage, determination of aflatoxin in walnuts was
higher than in amonds. The level of aflatoxin B1, B2, G1
and G2 in amond was 593.71+12.9, 582+12.84,
232.14+5.24 and 69.77+7.05 respectively, but in walnuts
these levels were 99252+73.45, 49.28+0.0.38,
81.33+11.02 and 677.11+17.97respectivel y(figure 2).

The effect of consumption of aflatoxins
contaminated nuts on body weight gain and FER were
illustrated in tablel. Consumption of aimond and walnuts
alone or in combination with vitamin C showed that the
values of final body weight, body weight gain and food
intake were within normal values of control negative
group while significant increase in food efficiency ratio
(p<0.05 &0.01) as compared to control negative group
was observed (tablel). Consumption of aflatoxins
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contaminated almonds and walnuts by experimental rats
showed highly significant increase in serum ALT, AST,
ALPandy GT ( p<0.001)compared with control negative
group. Administration of vitamin C with amond or
walnuts showed increase in serum ALT, AST and ALP
levels (p<0.05 & 0.01) compared to control negative
group but showed improvement in liver function
parameters as the increases in these parameters were
much lesser than the group which consumed
contaminated nuts. Administration of vitamin C aso
improved serum y GT and showed the value somewhat
closer to the control negative group (table2).The effects
of consumption of aflatoxins contaminated nuts on renal
function were illustrated in table 3. Consumption of
amond and walnuts alone showed significant increase in
serum total bilirubin, creatinine, urea, and uric acid
(p<0.05, 0.01&0.001). Consumption of amond with
vitamin C showed improvement of renal function as the
value of serum total bilirubin was increased (p<0.05) as
compared to control negative group and decreased in
comparison to consumption of almond only. In the same
time, serum creatinine, urea, and uric acid were within
normal values in control negative group. Consumption of
walnuts in combination with vitamin C showed
significant increase in serum total bilirubin, creatinine
and urea (p<0.05 & 0.01) as compared to control negative
group but these values were lesser when compared with
contaminated group. Consumption of amond and
walnuts alone showed significant increase in serum
cholesterol, TG and LDL-c at p<0.01&0.001 and lower
value of serum HDL-c at p<0.05&0.001, respectively,
when compared to control negative group. Consumption
of amond with vitamin C showed improvement of lipids
fractionation as the values of serum cholesterol, TG and
HDL-c were within the values of control negative group
while LDL-c value was increased at p<0.01 compared to
control negative group but decreased compared to group
which consumed almond only. Consumption of walnuts
in combination with vitamin C showed significant
increase in serum cholesterol, TG and LDL-c at
p<0.05&0.01 and normal HDL-c compared to control
negative group (table3). Consumption of amond and
walnuts alone showed significant increase in liver
cholesterol at p<0.05&0.01 and significant decrease in
liver TG and glycogen at p<0.05, 0.01&0.001 while
consumption of walnuts showed significant increase in
liver total lipids at p<0.01 when compared to control
negative group. Consumption of almond and walnuts
with vitamin C total lipid, triglyceride and glycogen were
within normal range (table 4).
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Fig.2. Aflatoxins (B1,B2,G1landG2) levelsin almonds and walnuts.
Table 1. Mean valuest SD of body weight gain, food intake and FER of the experimental rat groups.
Groupsvariables Initial weight Final weight Weight gain (g)  Food intake FER
(9/w)
Control negative 180.26+4.462 253.017+22.29% 73.38£7.1%® 19.81+1.442 0.087+2.12¢
Almonds 181.26+4.57a 260.14+24.72a 79.52+8.59%a 20.35+1.51a  0.091+0.032°
Walnut 182.75+3.62a 267.07+27.65a 84.92+8.9a 19.98+1.38a  0.099+0.25™
Almond with vitamin C 180.5+3.412 255.38+26.822 75.49+8.6° 20.69+1.382 0.083£1.01¢
Walnuts with vitamin C 181.28+5.442 263.92+21.752 80.26+9.522 20.23+1.512  0.093+6.81

Significant with control group * P<0.05 ** P<0.01 ™" P<0.001.Mean values in each column having different letter (a, b, c, d) are
significant. WG-weight gain, WG %-weight gain%, FI-food intake, FER- food efficiency ratio, Pl- Protein intake and PER-Protein
efficiency ratio
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Table 2. Mean values+ SD of serum AST, ALT,ALPand y GT (u/ml) of the Experimental rat groups.

Groups Variables AST ALT ALP yGT
Control negative 33.99+3.65¢ 27.17+£3.40¢ 43.0915.73¢ 6.5+0.72¢
Almond 70.63+6.78"" 56.9+7.44%" 87.358+8.54""" 15.44+1.8%"
Walnuts 93.09+8.64%" 73.24.£6.86%"" 120.074+£12.72%™" 17.87+2.64%""
Almond with vitamin C 42.63+4.43% 32.41 +3.69%" 54.89+6.21%" 7.71+1.0%
Walnuts with vitamin C 52.06+5.50¢" 40.63+4.23" 65.74+6.68°"" 8.58+1.28

Significant with control group * P< 0.05 ** P<0.01 *** P<0.001. Mean values in each Column having different letter (a, b, c, d)
are significant. (AST)-- Serum Aspartate, (ALT) -- Alanine amino Transferase, (ALP) -- Alkaline Phosphates and y GT gamma
Glutamyle Transferase enzymes

Table 3. Mean values +SD of serum total bilirubin,, creatinine, urea, uric acid , cholesterol, TG,HDL-c and LDL -
c of the experimental rat groups.

Parameters Control Almond Walnuts Almond Walnutswith vitamin
negative withvitamin C C

Total bilirubin ~ 0.688+0.076° 1.345+0.16*"" 1.83+0.36%" 1.01+0.07¢" 1.07+0.36>"

Creatinine 0.582+0.01¢ 1.05+0.04%" 1.16+0.12%* 0.59+0.05¢ 0.92+0.08%

Urea 35.67+3.07¢ 51.16+5.29%" 54.81+6.87%"" 35.94+4.3¢ 42.45+5.68""

Uric acid 3.82+0.6° 4.77+0.82%" 5.21+0.68*" 3.79+0.41° 4.,09+0.7°

Cholesterol 82.73+8.82c  116.69+12.92%" 150.25+16.614" 90.09+10.12b¢ 100.82+10.38"

TG 58.58+5.41c 66.82+6.57b" 85.60+9.22a"" 60.14+5.52bc 67.97+7.65ab

HDL-c 37.17+3.992 27.64+3.44b" 22.104+3.41¢ 30.64+4.282 30.83+4.22%

LDL-c 33.85+4.62¢ 75.66+9.00°""  111.01+0.93*" 47.04+5.47°" 52.17+5.99°"

Significant with control group * P<0.05** P<0.01 *** P<0.001.Mean vaues in each column having different letter (a, b, ¢, d) are
significant. TG-triglycerides, HDL- high density lipoprotein, LDL- low density lipoprotein.

Table 4. The Mean values + SD of liver cholesterol, total lipid, triglyceride and glycogen (mg/g) of the

experimental rat groups.

Groups Cholesterol Total Lipids Triglyceride Glycogen
Variables

Control negative 4.11+0.68c 36.8+4.36° 3.54+0.572 5.81+1.132
Almond 4.94+.92%" 41.90+6.61% 3.16+0.65"" 5.16+1.08>"
Walnuts 5.56+0.38a" 47.29+7.38" 2.3+0.27bc” 3.94+0.96%""
Almond with vitamin C 4,03+0.10° 39.21+5.92° 3.77+0.6° 6.15+1.222
Walnuts with vitamin C 4.35+0.93 40.34+7.2% 3.20£0.372 5.5+1.45°

Significant with control group * P<0.05 ** P<0.01

significant
DISCUSSION

The results of chemical composition suggest that
nuts are the edible seed presenting a high content of
protein, fat and dietary fibers (mainly insoluble dietary
fiber). The protein and lipid contents and the energy
value of the aimond are similar to those reported in the
literature (Fernandez et al., 2010). The high protein and
oil of the walnut kernels and high levels of mineral
elements indicates their potential use in human, animal
and poultry feed supplements. The resultsin Fig 1 A and
1B showed highly significant decrease in proteins and
fats with increase in moisture which is in agreement with
(Zubair et al., 2011) who found a decrease in protein
content with increase in aflatoxin concentration
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*** P<0.001. Mean values in each raw having different letter (g, b, ¢, d) are

especialy B1 and G2, while the aflatoxin B1, B2 and G1
showed negative correlation (r < -0.05) with a decreasein
fat content. (Igbal et al., 2004) also reported similar data.
The walnuts were infested with various molds
and it was aso observed that the Aspergillus species
(Aspergillus flavus) were toxigenic which can grow and
produces aflatoxin in walnuts. The Aspergillus growth
and its toxin producing capacity were dependent on nuts
composition and certain nutrients enhanced the toxin
production. The present study is in accordance with the
result reported by (Saleemullah et al., 2006) and Savage
(2001). Fungal growth on nuts not only produce
mycotoxins product but also can decrease the quality and
nutritive value of nuts Singh and Shukla (2008).The
obtained results in (Figure 2) were in agreement with



Soheir Ahmed Al-M asri

(Leong et al., 2010) who reported that nut and nutty
products in Malaysia were contaminated with aflatoxin
ranging in level from16.6 pug/kg up to 711ug/kg. Wang
and Liu 2006 reported that the average level of
contamination of Chinese peanut was 80.3ug/kg and the
highest level was 437ug/lkg. Nuts are food samples
which are susceptible for this contamination because of
their composition and storage conditions. Peanuts, cotton
seed, sunflower seed, tree nuts, pistachio, peanut butter,
maize flour, pea, cereals, corn, meats, spices, dairy
products are major commodities affected by aflatoxin.
Aflatoxin is very dangerous for health because of its
hepatotoxic, teratogenic, immunosuppressive and
mutagenic nature. B1 (AFB1) aflatoxins are regulated in
more than 75 countries. Currently the worldwide range of
limits for (AFB1) and total aflatoxins are 1-20 ng and 0—
35ng respectively, while the European Union (EU) has
set amaximum level at 8 pg/kg in samples (Wesolek and
Roudot, 2014; FAO, 2004).The effects of consumption of
aflatoxins contaminated nuts on body weight , weight
gain and FER were illustrated in (table 1) which shows
that the consumption of aflatoxin contaminated almonds
and walnuts alone or in combination with vitamin C
showed significant increase in FER at p<0.05 and 0.01
compared to control negative group. These results are in
agree with (Alpsoy et al., 2009) who reported that
vitamin C is a strong reducing agent and as an antioxidant
isinvolved in prevention of the damaging effects of free
radicals. Vitamin C is annon- enzymatic antioxidant, co-
factor and also increases the gastrointestinal absorption of
non-haem irony).Vitamin C or ascorbic acid is an
essential vitamin to humans and other mammals that lack
the ability to synthesize this vitamin, as they are deficient
in the enzyme L-gulonolactone oxidase, involved in the
biosynthesis of vitamin C via the glucuronic acid
pathway (Kim et al., 2014). The biological function of
vitamin ¢ is based on its ability to donate electrons. In
mammalian cells, vitamin C serves as cofactor for
reactions that require reduced iron and /or copper metal C
o-enzymes. Another important indirect function of
vitamin C is its ability to regenerate other biologically
important antioxidants such as | glutathione and vitamin
E into their reduced state (Singh et al., 2011).In study on
effect of vitamin C on aflatoxin, it was observed that
vaues of AFB:-DNA adduct formation were 9.38+0.41
ng/ml in the AFB; treated groups, but the amount
formation decreased more significantly to 5.28+0.32 ng/
ml in the groups treated with AFB1 and vitamin C
(p<0.01). Immunohistochemistry revealed that the
accumulation of the AFB; is not observed in the normal
liver tissue (G1).The result in (table 2) is in agreement
with earlier studies which revealed significant reductions
in enzymatic and non-enzymatic antioxidants in AFB1
fed rat liver. Almond kernels may contain natural
antioxidants or enzyme inhibitors which inhibited LOX
activity in the homogenates of almonds Abdel-Wahhab

394

The J. Anim. Plant Sci. 27(2):2017

and Aly (2003).Possible mechanism behind the higher
liver enzymes could be through regenerative changes and
hypo function of liver from aflatoxins. (Meki et al., 2004
; Rastogi et al., 2001) recorded that aflatoxins are
mutagenic, hepatotoxic and hepatocarcinogenice both for
humans and animals and cause oxidative stress even in
small amounts. Oxidative damage mainly leads to
dysfunction of cellular components such as enzymes,
nucleic acids, membranes and proteins. (Abdel-Wahhab
et al., 2006) reported that the increased activities of ALT,
AST and ALP have been attributed to the damaged
structural integrity of the liver, because these are
cytoplasmic in location and they are released into plasma
as result of autolytic breakdown or cellular necrosis into
circulation after cellular damage. On the other side, the
mechanism by which vitamin C decrease the
hepatotoxicity is by decreasing lipid peroxidation and
atering antioxidant defence system or by denoting
electrons to free radicals and quenching their reactivity
(El-Gendy et al.,2010; Ahmad and Al-Jawary, 2012).

The present study demonstrates that aflatoxin
has harmful and stressful influence on the hepatic and
renal tissue. The increased levels of uric acid may
indicate protein catabolism and/or kidney dysfunction
(Kang et al., 2005) These results (table3) clearly show
that aflatoxicosis significantly increased creatinine,
bilirubin, urea nitrogen, alkaline phosphatase and
transaminase concentrations (Abdel- Wahhab et al.,
2006). Similarly, Choudhary and Verma (2005) studied
aflatoxicosis in mice and found increased lipid
peroxidation and decreased enzymatic antioxidants such
as superoxide dismutase, glutathione peroxidase and
catalase and non-enzymatic antioxidants such as
glutathione and ascorbic acid; soaflatoxins are potent
nephro- toxic compound leading to severe degenerative
renal damage. Recent evidence shows that vitamin C
prevents hepatic glutathione depletion in chemical
induced hepatotoxicity in mice, in which glutathione
worked as intracellular free radical scavengers and
protected cells against radical mediated lipid per-
oxidation (Cuddihy et al., 2008). Ancther interesting
result from the present study was the effect of aflatoxins
on lipid fractionations. Rats fed aflatoxins contaminated
diet showed a significant increase in total cholesteral,
triglycerides and LDL-c accompanied with a significant
decrease in HDL-c (Hassan et al., 2013). This elevation
in serum cholesterol, TG and LDL-c are probably
associated with hiliary obstruction and acute hepatic
injury (El-Nekeety et al., 2011). Vitamin C increase
HDL-c level and may also lower total cholesterol in the
blood, thus reducing the risk of cardiovascular disease.
The effect of consumption of vitamin C was in agreement
with (Rafighi et al., 2011). They indicated that the use of
antioxidants reduces oxidative stress.Vitamin C increase
HDL-c level and may also lower total cholesterol in the
blood, thus reducing the risk of cardiovascular disease. It
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is well documented that the cholesterol is the principal
sterol found in all tissues and body fluids of animals and
human beings. In addition to dietary sources, cholesterol
can be biosynthesized actively and gets distributed all
over the body through blood.The obtained result(tabled)
was agreed with (Jhaet al., 2012) who found a significant
rise in cholesterol content which might be due to fatty
infiltration and degeneration of hepatocytes during
aflatoxicosis as toxin is fat soluble. Once brought to the
liver through hepatic portal system, fat present in the liver
cells might dissolve toxin and retain it. Aflatoxins
characterized by the inhibition of protein synthesis and
impairment of carbohydrate and lipid metabolism (Souza
et al., 1999; Farombi et al., 2005). Long term vitamin C
supplementation causes reduction in serum total
cholesterol and LDL-c significantly but it has no
dtatistically significant lowering effect as far as HDL-c,
VLDL-c and triglycerides are concerned in normal
human subjects. Therefore prolonged vitamin C
supplementation which is also an important constituent of
the antioxidant system may help in keeping lipid profile
in norma limits and may contribute in delaying the
process of atherosclerosis in healthy individuals (Gaur
and Dixit, 2011).

Conclusion: Good supervision is necessary for the
production and storage of nuts in order to control the
aflatoxin at its lowest possible level. It is recommended
to administrate vitamin C as antioxidant to lower side
effects of aflatoxicosis. The safety of food must be
assured by a preventive approach based on the
application of a Hazard Analysis Critical Control Point
(HACCP) at all stages of food chain.

Acknowledgements. This research project was
supported by a grant from the “Research Center of the
Female University Scientific and Medical Colleges”,
Deanship of Scientific Research, King Saud. | would like
to thanks Mrs. Shaista Arzoo from Department of Food
and Nutrition Sciences, King Saud University for her
contribution in the compilation of this study.

REFERENCES

Abdel-All, SM., M.A. Abd El-Ghany, and M.M.
Motawee (2008). Inhibition of Aspergillus
Growth and Aflatoxins Production in Some
Dairy Products . 39Ed. Specific Education
Scientific Conference of Home Economics.
Mansoura Univ., Egypt. pp: 1107-1120.

Abdel-Wahhab, M., and S. Aly (2003). Antioxidants and
radical scavenging properties of vegetable
extracts in rats fed aflatoxin-contaminated diet.
J. Agric. FoodChem.51:2409 -2414.

Abdel-Wahhab, M.A., H. Ahmed and M. Hawaii
(2006).Prevention of aflatoxin  Bliniated

395

The J. Anim. Plant Sci. 27(2):2017

hepatotoxicity in rat by marine algae extracts. J.
Appli Toxic.6:229-238.

Abo-Allam, R.M (2003). Data Statistical Analysis using
SPSS Program. 1% Ed. Publication

Ahmad, M. A. and A. H. Al-Jawary (2012). Effect of
Vitamin C on the Hepatotoxicity induced by
Displatin in Rats. Raf. J. Sci. 23 :23-33.

Alpsoy, L., A. Yildirim and G. Agar (2009). The
antioxidant effects of vitamin A, C, and E on
aflatoxin B1-induced oxidative stress in human
lymphocytes .Toxic. Indus. Health.25:121-127.

Amiri, M. J, M. Karami and E. Sadeghi (2013).
Determination of AFB1 in Peanut, Almond,
Walnut and Hazelnut in Kermanshah Market,
Iran. Int J. Agric. & Crop Sci. 6:1199-1202.

A.O.A.C. (2012). Official methods ofAnalysis of the
Association of Official Analytical Chemist.
(A.O.A.C 19th Ed. Washington, D. C.

A.O.A.C. (2007). Official Methods of Anaysis,
Association of Official  Aanalytical Chemist.
(A.O.A.C 18th Ed. Washington D C.

Aryapak, S., and P. Ziarati (2014). Nutritive Vaue of
Persian Walnut (Juglansregia L) Amer. Euras. J.
Agric. & Envi. Sci. 14: 1228-1235.

Bahorun. T., M. A., Soobrattee ,V . L. Ramma, and O.I.
Aruoma (2006). Free Radicals and Antioxidants
in Cardiovascular Health and Disease. Inter. J.
of .Med.Upd.1: 25-40.

Bhilave, M.P., SV. Bhosde, and S.B. Nadaf (2012).
Protein  Efficiency  Ratio (PER)  of
Ctenopharengedon idella Fed on soybean
formualted feed. biological J. 4:79-81.

Brufau, G., J. Boatella, and M. Rafecas (2006). Nuts:
source of energy and macronutrients. Br J
Nutr. 2006 Nov;96 Suppl 2:S24-28.

Choudhary, A., and R.J. Verma (2005). Ameliorative
effects of black tea extract on aflatoxin- induced
lipid peroxidation in the liver of mice, Food
.Chemo .Toxic. 43:99-104.

Cuddihy, S. L., A. Parker., D.T. Harwood, M. C. Vissers
and C.C. Winterbourn (2008). Ascorbate
interacts with reduced glutathione to scavenge
phenol radicalsin HL 60 cells. Free. Radic Biol.
Med.44:1637-1644.

El-Gendy, K.S., N .M. Aly, F.H. Mahmoud., A. Kenawy,
and A.K. El- Sebae (2010). The role of vitamin
C as antioxidant in protection of oxidative stress
induced by imidacloprid Food. Chem. Toxic.
48: 215-221.

El-Nekeety A.A., SR Mohamed.,, A.S Hathout, N.S
Hassan, S.E. Aly and M.A. Abdel-Wahhab
(2011). Properties of Thymus vulgaris oail
against aflatoxin induced oxidative stress on
male rats. Toxicon.57: 984-991.



Soheir Ahmed Al-M asri

FAO (2004).Worldwide regulations for mycotoxins in
food and feed in 2003. FAO Food and
Nutrition Paper 81.

Farombi, O., B F. Adepoju., O. Ola-Davies and GO.
Emerole (2005). hemoprevention of aflatoxin B1
induced genotoxicity and hepatic oxidative
damage in rats by kolaviron a natura
bioflavonoid of Garcinia kola seeds. Eur. J.
Cancer Prev. 14:207-214.

FDA (2003). Food and Drug Administration Qualified
Health Claims: Letter of Enforcement Discretion
Nuts and Coronary Heart Disease, Docket No.
02P-0505, Food and Drug Administration,
Washington, D.C.

Fernandes, C. D., F. B. Jullyana., C. P. Ludmila and N.
M. Margareth (2010). Nutritional Composition
and Protein Vaue of the Baru (DipteryxAlata)
almond from the Brazilian savanna. J Sci Food
and Agri. 90: 1650-1655.

Felicia W.U (2004). Mycotoxin Risk Assessment for the
Purpose of Setting International Regulatory
Standards .Environ. Sci. Technol. 38: 4049-
4055,

Gaur, G.S,, and A.K. Dixit (2011). Effect of Vitamin C
on Serum Lipid Profile in NormaHuman
Subject: A Study. Int. J. Curr. Res. 3:286-288.

Hassan, N.S,, K. G. Abdel-Wahhab., Y.A. Khadrawy., A.
A. El-Nekeety., F. A. Manna and M.A Abdel-
Wahhab (2013). Evaluation of radica
scavenging properties and the protective roof
papaya fruits extracts against oxidative stress in
rats fed aflatoxin  contaminated  diet.
Communicata Scientiae. 4:43-57.

Herrington, D (2012). 9 Health Benefits of Almonds
.Car2 December.5.

Igbal, Z., H. U. Shah, S. Perveen., Habibullah and
Saleemullah ( 2004). Aflatoxin content of
cereals and nuts inoculated by Aspergillus flavus
in response to their proximate composition.
Sarhad J. Agric. 20: 153-156.

Jha, A., K. Shah, and RJ. Verma (2012). Aflatoxin-
induced biochemical changes in liver of mice
and its mitigation by black tea extract
ActaPolon. Pharm. Res.69: 851-857.

Jubeen, F., | .A. Bhatti., M. Z. Khan., Z. ul-Hassan and
M. Shahid (2012). Effect of UV C Irradiation on
Aflatoxins in Ground Nut (Arachis hypogea)
and Tree Nuts (Juglans regia, Prunus duclus
and Pistachio vera). J. Chem. Soc. Pakistan
34:1366-1374.

Jun K.R., H.I. Park., S. Chun., H. Park, and W.K. Min
(2008). Effects of total cholesterol and
triglyceride on the percentage difference
between the low-density measured directly and
calculated using the Fried Ewald formula. Clin.
Chem. Lab Med. 46:371-375.

396

The J. Anim. Plant Sci. 27(2):2017

Kang D.H, SK. Park., I.K. Lee and R. J. Johnson (2005).
Uric  Acid-Induced C-Reactive  Protein
Expression: Implication on Cell Proliferation
and Nitric Oxide Production of Human Vascular
Cells. JAm.Soc.Neph.10:1-10.

Kim, S. H. Kim and J. S Kang (2014). Effects of vitamin
C on the formation of aflatoxin B1-DNA adduct
in rat livers treated with radiation and aflatoxin
B1. Kor. J. of Food Pres. 21:747-756

Leong, Yin-Hui., N. Ismail, A. A. Latif and A. Rosma
(2010). Aflatoxin occurrence in nuts and
commercial nutty products in Malaysia. Food
Control. 21 : 334-338.

Manish, B. (2014).Association of nut consumption with
total and cause-specific mortality. Indian Heart
J. 66: 388-389.

Meki, A. R.,E. E. D. F. Esmail., A.A. Hussein and H.M.
Hassanein (2004). Caspase-3 and heat shock
protein-70 in rat liver treated with aflatoxin
B1:Effect of melatonin.Toxic.43: 93-100.

NRC. (1995). Nationa Research council: Nutrient
requirements of laboratory animals4®revised Ed.
National Academy Press; Washington D.C. 29-
30.

Ostadrahimi, A., F. Ashrafngjad., A. H. Kazemi., N.
Sargheini., R. Mahdavi., M.Farshchian, and S.
Mahluji (2014). Aflatoxin in Raw and Salt-
Roasted Nuts (pistachios, peanuts and walnut
Sold in Markets of Tabriz, Iran. Jundishapur. J.
Microbiol.7: e8674

Rafighi, Z., S. Arab, R. M Yusof and A. Shiva (2011).
The Effect of Vitamin C and E on Lipid Profile
in Type 2 Diabetes Méllitus Patients. Global J.
Health Science.3: 69-74.

Rastogi, R., AK and K. A. Rastog (2001).
Longtermeffectof aflatoxinBlon peroxidation in
rat liver and kidney:Effect of picroliv and
silymarin. Phyt. Res.15:307-310.

Rodrigues. P., A. Venadncio and N. Lima (2012).
Aflatoxigenic Fungi and Aflatoxins in Almond.
Scie. World J. 9:Article ID 471926, 9 pages

Sahoo, D., M. Rukmini, and R. Ray (2014). Quantitative
Analysis of Serum Level Alanineand Aspartate
Aminotransferases, y-Glutamyl Transferase and
Alkaline Phospatase as Predictor of Liver
Diseases .Am Inter J Resin Form, Appl& Nat.
Scie. 9:51-55.

Saleemullah, A. Igbdl, , I. A. Khalil and H. Shah (2006).
Aflatoxin contents of stored and artificialy
inoculated cereals and nuts. J. Food Chem. 98:
690-703.

Savage, GP (2001). Chemical composition of walnuts
(Juglansregia L.) grown in New Zealand. Plant
Food. Hum. Nutr. 56:75-82.

Shadbad, M.R.S., M. Ansarin., A .Tahavori, F. Ghaderi,
and M. Nemati, (2012). Determination of



Soheir Ahmed Al-M asri

Aflatoxins in nuts of Tabriz confectionaries by
ELISA and HPLC methods. Ad Pharm Bull. 2 :
123-126.

Singh, M., R. Sandhir.,and R. Kiran(2011). Effects on
antioxidant status of liver following atrazine
exposure and its attenuation by vitamin E
.Experimental and Toxicologic Pathology J. 63:
269-276.

Singh, P.K and A.N. Shukla (2008). Survey of Mycoflora
Counts, Aflatoxin Production and induced
biochemical changes in walnut kernels. J Stored
Prod. Res. 44:169-172.

Sirgjwala, B.H., .D. Sharma, and A. M. Agravatt (2013).
A study of serum total calcium and uric acid
levels in preeclampsia. Ind . J. Basic & App .
Med . Res.3: 50-56.

Souza, MF., A.R. Tomé, and V.S. Rao (1 1999). Inhibition
by the bioflavonoid ternation of aflatoxin
Biinduced lipid peroxidation in rat liver. J.
Pharm. Pharmacol.51:125-129.

Wagacha, JM and JW. Muthomi (2008). Mycotoxins
problem in Africa: current status implication to

397

The J. Anim. Plant Sci. 27(2):2017

food safety and health and possible management
strategies. Int Food Micro.124 : 1-12.

Wang, J, and X.M. Liu (2006). Surveillance on
contamination of total aflatoxins in corn, pea
nut, rice, walnhut and pine nut in several areasin
China. Chinese J Prev Med. 40:33-37.

Wesolek, N., and A.C. Roudot (2014).Monte Carlo
Modeling Aflatoxin B1Distribution Pistachio
Samples: Prerequisite For Sampling Pant
Validation. J. Food .Tech. Res.1:1-20.

Wild, C.P.I., F. Yin., PC. Turner., |. Chemin., B. Chapot.,

M. Mendy., H. Whittle., D.K.Gregory. Kirk and

A.J. Hall (2000). Environmental and genetic

determinants of aflatoxin-albumin adducts in the

Gambia. Int. J. Cancer. 86:1-7.

A., Z. Ud-Din, Saleemullah, S. A. Khan,

H.U.Shah B.A.Khan, and E. Ali (2011). Fatty

Acid Profile and Aflatoxin Contamination of

Walnut (Juglansregia L). Arp. J. Agri Biol Sci.

6:1-8.

Zubair



