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Abstract

The present study aims to evaluate effect of
irradiationatdoses 6 kGy and 10 kGy on chemical and biochemical
parameters of nuts including almond (Prunusamygdalus)andhazelnut
(Corylusavellana).70 albinoratsused in this study, the rats divided into
7 groups as following: Group (1): fed on basal diet, as a control
group. Group (2): fed on basal diet containing un-irradiated almond.
Groups (3 and 4): fed on diets containing the irradiated almond on 6
and 10kGy, respectively. Group (5): fed on basal diet containing un-
irradiated hazelnut. Groups (6 and 7): fed on diets containing the
irradiated hazelnut on 6 and 10 kGy, respectively for 8 weeks.The
statistical analysis of irradiated almond and hazelnutat dose 6 and 10
kGy at zero time and storage for 6 months on its approximate
analysis showed no significant difference in protein, moisture, ash
and lipid. The biochemical performance showed non-significant effect
on organs weight, high density lipoprotein-cholesterol (HDL-c), low
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density lipoprotein-cholesterol (LDL-c), blood hemoglobin, total
cholesterol, triacylglycerol's, glucose, serum alanine amino
transferase (ALT), serum aspertate amino transferase (AST), liver
superoxide dismutase (SOD), liver glutathione peroxidase (GPX) and
liver catalase in groups applied doses of non-irradiated or irradiated
almond and hazelnut, when compared with control group which fed
on basal diet, whileserum alanine amino transferase (ALT) which
showed increased in untreated almond and decreased at untreated
hazelnut and there were significant increase in antioxidant enzymes
at all groups.

Introduction

Almond (PrunusamygdalusBatsch.) belongs to the family
Rosaceae, which also includes apples, pears, peaches, and
raspberries(Jahanban et al., 2010). Almonds (Prunusamigdalis) are
a good dietary source of vitamin E, sterols, and flavonoids, each of
which has been suggested to play a role in the promotion of health.
In particular, increased consumption of flavonoids has been
associated with an anti-obesity effect in women and reduced risk of
stroke, cardiovascular disease, and some forms of cancer (Yochum
et al., 1999).The composition of almond is 25.23% moisture, 5.00%
ash; 32.73% lipid; 33.66% crude fibre; 3.11% crude protein and
25.47% carbohydrate(Akpabio, 2012).

Omer et al., (2011)reported that,the amounts of oleic acid, linoleic
acid, palmitic acid and stearic acid in Picantili, Ferraduel, were (57.46
to 68.65%, 11.77 to 25.15%, 5.06 to 7.26% and 1.26 to 2.41%),
respectively. Alisonand Oliver (2012)given their favorable fatty acid

composition and high fiber content, the U.S. Food and Drug
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Administration (FDA) released a health claim recognizing that
almonds can help maintain a healthy cholesterol level, particularly in
patients with hypercholesterolemia. Nut consumption is not
associated with a higher body math index (BMI) among free-living
individuals. Almonds are low in available CHO, have a healthy fatty
acid profile, and are high in vegetable protein, fiber, and magnesium.

Almonds with skin, hull, and shell show a powerful capacity in
collecting free radicals and this activity can be related to the presence
of unsaturated fats, terpenoids, flavonoids, phenolic acids, and other
beneficial compounds including fiber (Jahanban et al,,
2010).Gamma irradiation could increase phenolic content in almond
skin(Harrison and Were, 2007).

Hazelnuts (Corylusavellana) play a major role in human
nutrition and health, because of their special composition of fat,
protein, carbohydrate, vitamins, minerals and nutrients antioxidant
(Alasalvar et al., 2009). Hazelnuts contain fat 60.8%, protein 15.0%
and fiber10.4%(Salas-Salvadd., et al., 2006).0On the other hand,
(Alasalvar et al., 2006)reported that, hazelnut plays a major role in
human nutrition and health because of its special composition of fat
(around 60%), most of which is highly rich in Monounsaturated Fatty
Acids (MUFA) mainly oleic acid.

Hazelnut is a very rich source of energy providing
approximately 6 to 6.5 kcals/g fresh seed. Fatty acids composition in
Hazelnut play an important role in human health, in this respect
(Connor, 2000, Aronson et al., 2001 and Iso et al ., 2002) reported
that, the consumption of specific fatty acids such as omega- 3 fatty
acids and oleic acid may provide health benefits.
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Dietary compounds other than antioxidant vitamins may
provide a critical role in protecting against Radical Oxygen Species
ROS induced free radical injury. Phenolic compounds are found in
virtually all plant foods and many phenols can act as powerful
antioxidants that may reduce free radical damage. Individual phenolic
compounds with known antioxidant activities have been identified in
hazelnut including gallic acid, 4-OH benzoic acid, p-cou-maricsinaptic
acid, and quercetin Hazelnut extracted with 80% Ethanol OH has
also demonstrated antioxidant activities, hydrogen peroxide,
superoxide, DPPH, and B-carotene linoleate system. The hazelnut
extract also inhibited human LDL oxidation and DNA scission. The
oxygen radical absorbance capacity (ORAC) assay is a
physiologically relevant antioxidant test because it measures the
ability of an antioxidant system to inhibit the oxidative damage to
susceptible molecules of peroxyl radicals Haiwen and John (2011)
and Shahidi et al., (2007).

Food irradiation has been recognized and regulated as an
effective food processing technology in many countries being able to
destroy or reduce ubiquitous pests and pathogens that contaminate
raw foods (Diehl, 1981).Radiation processing is well established as a
physical, non-thermal method to preserve various food products that
involves the exposure of food products (raw or processed) to ionizing
or non-ionizing radiation (Antonio et al., 2012).Irradiation can also
influence the levels of antioxidants/phytochemicals in plant
products(Behgar et al., 2011).

Gamma radiation, more energetic than X-rays, is used from
sources of radioactive isotopes, cesium-137 or cobalt-60, and it is
identified by the World Health Organization as a food preservation
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technique that improves food safety without altering the toxicological,
biological or nutritional quality of the food (Farkas andMohécsi-
Farkas2011).Therefore, the present study was carried out to assess
the effects of diet containing untreated and treated almond and
hazelnut on healthy rats.

Material and methods

Material:

Almond (Prunusamigdalis), Hazelnut (Corylusavellana), sucrose,
starch and corn oil were obtained from the local market, Cairo, Egypt.

Casein, all vitamins, minerals, cellulose, L -Cystine and choline
chloride were obtained from EI-Gomhoriya company, Cairo, Egypt.

Kits: kits used to determine hemoglobin, glucose, AST, ALT,
cholesterol, triglycerides; HDL-c andantioxidant enzymes including
(malonaldehyed, GPX, Catalase and SOD) were obtained from
Gama tread Company, Cairo, Egypt.

Methods:
y Irradiation treatment:

Almond (Prunusamigdalis) and Hazelnut (Corylusavellana)
were packed in polyethylene bags, and sealed by heat. Each bag
contained about 200 g. they were subjectedy Irradiation from Co® at
National Center for Radiation Research and Technology at Nasr City,
Cairo Egypt. The facility used was Gamma Chamber 400 A, Co-60
facility of India. The doses applied were 6 and 10 kGy delivered at
dose rate of 1.606 kGy /h as calibrated using small pieces of
radiochromic film (Maclaughlin et al.,, 1985)at the time of
experimentation. The samples were stored at 5°C until used.
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Chemical composition of almond and hazelnut:

Moisture content, crude fat, crude protein, ash content were
determined according to the method described by the (A.O.A.C.
2003).The fatty acids compositionwere determinedasthe method
described by (Hamilton and Hamilton, 1993).

Diet preparation:

The diets were prepared by using untreated and treated
(almond and hazelnut) with irradiation. The diets were prepared
according to (Reeves et al., 1993), the salt mixture was prepared
according to (Hegested al., 1941) and the vitamin mixture was
prepared according to (A.O.A.C. 2003).

Experimental rats:

Seventy male albino rats, Sprague-Dawley strain, with an
initial weight of about 80 +5 g were used in this study. They were
obtained from animal house of National Center for Radiation
Research and Technology, Atomic Energy Authority, Cairo, Egypt.
The animals were housed individually in plastic cages with wire mesh
bottoms at a room temperature of 22-25°C and 60+5% relative
humidity, with a photoperiod of 12h and water for eight week. Groups
of ten rats were then assigned to receive one of seven experimental
diets (i.e. control, untreated nuts and treated nuts with 6 and 10 kGy
irradiation) almond and hazelnut, alongside casein diet. All animals
will be free access to feed and water on based diet for one week for
adaptation. After this week, the rats divided into seven groups as the
following: group 1 fed on basal diet as a control group, group 2, 3 and
4 were feed on untreated almond and treated almond with 6 and 10
kGy, respectively. Group 5, 6 and 7 were feed on untreated hazelnut
and treated hazelnut with 6 and 10 kGy, respectively.
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During the experimental period (8 week), the diets consumed
and body weights were recorded every week. At the end of the
experiment period, the animals were fasted overnight, then the rats
were anaesthetized and sacrificed, and blood samples were collected
from the aorta. The blood samples were centrifuged and serum was
separated to estimate some biochemical parameters, i.e. Serum
cholesterol (Richmond, 1973), triglycerides (Stein, 1987),high
density lipoprotein-cholesterol HDL-c (Firdewald et al., 1972), low
and very low density lipoprotein-cholesterol LDL-c and VLDL-c
(Firdewald et al, 1972), glucose(Young, 2001), aspartate amino
transferase (AST) and alanine amino transferase (ALT) (Young,
1990). Hemoglobinwere estimated according to (Dacia, and Lewis.
1985).Liver and kidney were separated from each rat and weighted
to calculate organs to body weight %.

Determination of antioxidant enzymes:

Superoxide dismutases (SODs) are metabolioenzymes that
catalyze the dismutation of the superoxide anion to molecular oxygen
and hydrogen peroxide and thus forma crucial part of the cellular
antioxidant defense mechanism (Nishikimiet al., 1972).

Cellular glutathione peroxidase (GPs) is a member of a family
of GPx enzyme whose function is to detoxify peroxides in the cell.
The GPx enzymes play a critical role in protecting the cell from free
radical damage, particularly lipid peroxidation (Pagliaand
Valentinel967).

Catalase is antioxidant enzyme that is present in the most aerobic
cells. Its serves as one of the body's defense systems against H,O, a
strong oxidant that can cause intracellular damage(Aebi, 1984).
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The data obtained was analyzed statistically for standard
deviation and one way ANOVA test according to (Duncan, 1955).

Result and discussion

Effect of radiation processing with storage on chemical
composition of nuts (Almond and Hazelnut).

The effect of radiation processing at (6 and 10 kGy) on the
mean values of moisture, ash, crude protein, and crude fat of almond
and hazelnut in zero time and after storage for 6 months presented
in tables (1 and 2).

1-1 Almond:

The variation of moisture, ash, crude protein, and crude fat of
almonds treated with irradiation at zero time and after storage for 6
months were studied, the results are presented in table (1).The mean
values ofmoisture, protein, ash and crude fat in zero time does not
change significantly in irradiated almonds at 6 kGy, except ash which
showed significant decrease, ascompared to un-irradiated almonds
(control). On the other hand, irradiated almonds with 10 kGy caused
significant decrease in moisture and ash, while the other nutrients
showednon-significantchanges, as compared to un-irradiated
almonds.

Results in this table indicated that, non-significant changed in
moisture, crude protein, ash and crude fat in almonds treated with
irradiation (6 and 10 kGy) after storage for 6 months, as compared to
the control sample.Several authors agree with our previous
mentioned results among them (Bhatti et al., 2013) reported that

gamma irradiation exerted no considerable effect on the proximate
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almond seed composition. In addition to, Mahfouz, (2015)reported
that the moisture, protein, lipid, and ash of almond nut were not
substantially affected by gamma irradiation. Similar finding showed
that gamma irradiation with doses up to 10 kGy had no real effect on
moisture, protein, lipid, fiber and ash of almond. During storage at
room temperature, the total protein and total fat of almond nut also
significantly (p<0.05) increased in both irradiated and non-irradiated
samples.(Bela et al., 2008 and Maityet al. 2009) reported that
gamma irradiation could change the seed protein quantitatively, not
the qualitatively.

Hazelnut:

The variation of moisture, ash, crude protein, and crude fat of
hazelnut treated with irradiation at zero time and after storage for 6
months presented in tables (2).The data showed that there was a
different in the mean values of moisture between the control sample
and treated sample with (6 and 10 kGy). Total lipid also decreased
significantlyin hazelnutwhich treated with irradiation at doses (6 and
10 kGy), as compared to un-treated sample.

At the storage (6 moths), the results in the same table
indicated that, non-significant increase was observed in the moisture
content of hazelnut which treated with irradiation at (6 kGy ), while
increased significantly with irradiation at (10 kGy ), as compared to
the control sample. This increase may be due to the humidity of
atmosphere. Ash, protein and lipidcontent of hazelnut did not
changed significantly with irradiation at (6 and 10 kGy) after storage
period for 6 months, as compared to the control sample.

In this respect, (Saadetkoc and Ahmet2017)reported that,
After irradiation, 0.5, 1 and 1.5 kGy doses of gamma irradiation
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significantly increased the total fat values (p < 0.05) and this value
decreased during the storage. (Aycaet al., 2007)indicated that the
low dose irradiation treatment slightly increased the total lipid content
whereas it dramatically decreased for high dose treatment.

Fatty acids composition of un-treated and treated almond and
hazelnut with two doses of irradiation at zero time and after
storage for 6 months:

The fatty acids composition of two types of nuts sample
exposed to different doses of irradiation are presented in table (3 and
4).

Almond:

The data in table (3) indicated that, at zero time the untreated

almond (control) contains 7.42% saturated fatty acids (SFA) {palmitic
acid} that was the major saturated fatty acid.
Treating almond sample with irradiation-increasedpalmitic acid by
2.4% and 28.0% at 6 and 10 kGy, respectively.Monounsaturated fatty
acid (MUFA) {Oliec acid} of control sample was 73.74% that was the
major (MUFA). After treated almonds with irradiation (6 and 10 kGy)
oleic acid decreased by about (- 9.68% and - 2.7%), respectively.

Polyunsaturated fatty acids (PUFA) {linoleic acid} of raw
sample was 18.8 % that wasthe major (PUFA). The data indicated
that the linoleic acid increased by (+ 36.64) at 6kGy and decreased
by (-21.8%) at 10 kGy.

After storage almonds for 6 months, palmitic acid in almond
which treated with 6 kGyincreased by about 13.6%, oliec acid
decreased by 10.49%, and archidic was decreased by 27.1%, while
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linoliec acid did not appeared. On the other hand,palmitic acid in
irradiated almonds with 10 kGy increased by 33.96%, oliec acid
decreased by 24.23%, linoliec acid did not appeared and archidic
increased by 34.45%.

Hazelnut:

The data in table (4) indicated that, at zero time the raw

hazelnut (control) contain 6.58% saturated fatty acids (SFA) {palmitic
acid} that was the major saturated fatty acid. Treating hazelnut
sample with irradiation decreasedpalmitic acid by 8.8% at 6kGy and
increased by 6% at 10 kGy.Monounsaturated fatty acid (MUFA) (oliec
acid) of control sample was 81.28% that was the major (MUFA).
Oleic acid decreased by (- 8.5%) at 6kGyand by (- 2%) at 10
kGy.Polyunsaturated fatty acids (PUFA) {linoleic acid} of control
sample was 8.19% that the major (PUFA). The data indicated that the
linoleic acid change by3.6% at 6 kGy and by 5.6% at 10 kGy.
After storage for6 months the fatty acid arachidic was appeared at 6
kGy (2.4%). Palmitic acid increased by 72% at 6 kGy, Oliec acid
decreased by 2.1% andlinoliec acid did not appeared, but at 10 kGy
(Palmiticacid decreased by 20.3%, Oliec acid decreased by 31.8%,
linoliec acid decreased by 62.0%.The effects of gamma irradiation
doses and storage duration interaction on fatty acid composition of
natural hazelnut kernels were not found to be significant (p>0.05)
(Koc et al., 2017).

Mahfouz, (2014)statedthatthe fatty acid profile slightly
changed due to irradiation. The major change in fatty acid
composition was the decrease in the quantity of fatty acids (C16:0,
C18:0 and C18:1) and the increase in the quantity of fatty acid
(C18:2).There were fluctuating changes (either increasing or
decreasing) in fatty acids throughout the storage duration.
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Biological analysis for rats feed on diet contain untreated and
treated nuts:

The relative organs weight of rats feed on diet containing
untreated and treated nuts with irradiation:

The data in table (5& 6) showed the mean value of relative
organs weight of rats fed on diets containing un-treated and treated
almond and hazelnut with irradiation at dose of 6 and 10 kGy. The
mean values of heart, liver, spleen, testes and kidney showed non-
significant changes between the groups fed on diets containing un-
treated almonds or hazelnut, as compared to control group fed on
basal diet. On the other hand, feeding rats on diet containing
almonds or hazelnut, which treated with irradiation at dose (6 and 10
kGy), caused non-significant differences in all organs weights, as
compared to the group fed on diet containing un-treated almond
except heart and spleen in almonds & spleen in hazelnut groups.

Effect of diet containing untreated and treated almond and
hazelnutwith irradiation, onsome biochemical analysis of
healthy rats.

Almond:

The table (7) showed that the mean values of hemoglobin,
glucose and Alanin Amino Transferase ALT did not affect with diet
containing untreated almonds, while Aspartate Amino Transferase
AST increased significant, as compared to control group (fed on
control diet). Treating almonds with irradiation at dose (6 kGy)
showed non-significant changes in all parameters, except AST
enzyme, as compared to the group fed on diet containing un-treated
almonds. On the other hand, the high dose of irradiation of almonds
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led to significant increase in hemoglobin and glucose, as compared
to the group fed on diet containing un-treated almonds

Hazelnut:

Un-treated hazelnut led to non-significant changes in glucose and
AST enzyme, while caused significant decrease in hemoglobin and
ALT enzyme were observed, as compared to the control group fed on
basal diet. The data presented in Table (8) revealed that, treated
hazelnut with (6 and 10 kGy) increased the mean value of
hemoglobin significantly, while the other parameters showed non-
significant changes, as compared to the control group fed on
untreated hazelnut.

In this respect (Jiang et al., 2002) reported that, the Nurses’
Health Study showed in 83,818 healthy women that eating 140 g of
nuts per week was related to a significant lower DMT2-risk compared
to non-consumers. This result was inter alia attributed to the low
glycemic index of nuts and their high fiber and magnesium content. In
addition, recent studies with 135,956 women confirmed an
association between increased walnut consumption (> 56 g/week)
and a lower incidence (15 %) for DMT2 (Pan and Manson
2013).Contrary to that, Kochar et al. (2010) observed no effect of nut
consumption on the DMT2-risk in 20,224 male subjects of the
Physician’s Health Study.

The responsible mechanisms mediated by nut consumption
which cause a reduction of the DMT2-riskare not yet fully understood.
A modulation of the adiponectin concentration appears conceivable
(Aronis et al., 2012).The protein, formed by fat-laden adipocytes, is
involved in the regulation of appetite and inverse associated with the
DMT2-risk (Heidemann et al., 2008).
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It is also possible that an increase in insulin sensitivity results
from the arginine and zinc content of the nuts, which stimulate both
insulin secretion and the receptor tyrosine kinase and thereby
increase the insulin sensitivity of the cells. In addition, a reduced
postprandial glycemic response mediated by nut consumption and a
significantly higher release of satiety hormones may also contribute
to the prevention of DMT2 (Reis et al., 2012).

Nuts are highly nutritious foods rich in unsaturated fatty acids,
fiber, vitamins, minerals and some bioactive substances, such as
phenolic antioxidants and phytosterols(Bao et al., 2013 ) and due to
these wholesome benefits, individuals living with liver disease are
usually advised to include nuts in their diet (Han et al., 2014).

Wien et al., (2003)found that a hypocaloric, almond-enriched
diet led to greater reduction in weight andbody mass index BMI. This
study results were in accordance with the findings of most previous
investigations in this field, supporting that weight loss through lifestyle
modification, medication or bariatric surgery is associated with a
decrease in liver enzymes (Wang et al., 2003, Straznicky et al.,
2012 and Clark 2006).

The improvement in liver enzymes in treated diabetic rats with
some nuts may be related to the antioxidant properties of these nuts,
which have scavenge free radicals and thereby may protect cells
from oxidative stress. Almonds (Amygdaluscommunis L.) are a rich
source of nutrients and phytochemicals such as vitamin E also
polyphenols (Alasalvar et al., 2006 and Yang et al., 2009 )that is
known as antioxidants and had strong free radical scavenging (Choi
et al., 2002).
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Effect of diet containing untreated and treated almond and
hazelnut with irradiationon lipid profile of healthy rats:

Almond:

Table (9) showed the levels of serum cholesterol, triacylglycerol's,
high density lipoprotein-cholesterol HDL-c and low density
lipoprotein-cholesterol LDL-c in serum rats which were fed on diets
containing untreated almonds and treated almonds with irradiation at
levels (6 and 10 kGy).

The data in this Table revealed that, feeding rats on diet
containing untreated almond showed non-significant changes in the
mean value of serum cholesterol and HDL-c, while serum LDL-c and
triglyceride changed significantly, as compared to healthy rats fed on
basal diet. The mean value of serum triacylglycerol's increased
significantly in serumrats treated with untreated almonds, as
compared to the control group.

Treating healthy rats with diets containing irradiated almond
(6 and 10 kGy) led to non-significant differences in the mean values
of serum cholesterol, triacylglycerol's, HDL-c and LDL-c, as
compared to the group of rats fed on diet containing untreated
almond. Increase the intake of monounsaturated fat in the diet has
been associated with reduced susceptibility of LDL to
oxidation(David et al., 2008), almonds consists of a number of
components that may reduce LDL oxidation. On the other hand,
(Jennifer et al. 2002)indicated that HDL cholesterol was significantly
lower with the almond diets and suggested that nuts can reduce
heart disease risk in healthy persons.

The National Cholesterol Education Program demonstrated
that, almond consumption fits well with current American Heart
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Association guidelines to replace saturated fats with unsaturated fats
and with the National Cholesterol Education Program (NCEP)
guidelines to liberalize total fat intake, specifically from
monounsaturated fat (MUFA),(Garg et al., 1988) related to its ability
to increase HDL cholesterol. Hyson et al., (2002) revealed that the
consumption of almond kernels with or without brawn skin is effective
in reducing the level of total cholesterol and LDL.

Hazelnut:

The result of lipid profile including (serum cholesterol,
triglyceride, HDL-c and LDL-c) in healthy rats fed on basal diet, diet
containing untreated hazelnut and diets containing irradiated
hazelnut with (6 kGy and 10kGy) presented in Table (10) .

Feeding healthy rats on diet containing untreated hazelnut
showed non-significant differences in serum cholesterol and HDL-c,
as compared to healthy rats fed on basal diet. Untreated hazelnut
caused significant increase in the mean value of triglycerides and
significant decrease in LDL-c in healthy rats, as compared to healthy
rats fed on basal diet. Treating healthy rats with irradiated hazelnut
(6 and 10 kGy) recorded non-significant changes in total cholesterol,
triglycerides, HDL-c and LDL-c, as compared to basil rats fed on
untreated hazelnut, except LDL-c in the group treated with irradiation
hazelnut with (10 kGy). In this respect, (Simone et al., 2016)who
reported that Hazelnut-enriched diet is associated with a decrease of
LDL and total cholesterol, while HDL cholesterol, triglycerides and
body mass index (BMI) remain substantially unchanged.
Mercanligilet al., (2007)reported that, hazelnut-enriched diet
decreased the mean value of the ratios of total cholesterol/HDL
cholesterol and LDL-c/HDL-c.
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The effect of untreated and treated nuts with irradiation on
antioxidant enzymes inhealthy rats:

Important determinants of cellular antioxidant enzyme are the
enzymes Sodium Oxide Dismutase (SOD), Catalase (CAT) and
Glutathion Peroxidase (GPx), which are responsible for the
elimination of Reactive Oxygen Species ROS. Because these
enzymes act sequentially to remove ROS, the balance of the activity
of these enzymes may be as critical in the defense against ROS as
the activity of the enzymes alone (Boateng et al., 2016).

Almond:

Data in table (11) showed the effect of untreated and treated
almonds with irradiation (6 kGy and 10 kGy) on malonaldehyedand
antioxidant enzymes of healthy rats. Feeding rats on diet containing
untreated almonds showed significantdecrease in the mean value of
malonaldehyed, while the other parameters recorded significant
increase, as compared to control group. On the other hand treating
rats with irradiationat doses (6 and 10 kGy)showed non-significant
changes in malonaldehyed, as compared to the group fed on diet
containing untreatedalmond. On the other hand, the mean value of
antioxidant enzymes including"catalase activity and superoxide
dismutase activity in liver tissue" increased significantly in rats which
treated with irradiated almonds, as compared to the control groups.

In this respect, Soheil et al., (2015)resulted that after
treatment with almond hull, the serum level of MDA in all test groups
significantly decreased . David et al., (2008) the full-dose almonds
reduced serum Concentrations of malondialdehyde. Li et al., (2010)
reported that feeding diabetic rats on diets containing irradiated
almond with 6 and 10 kGy showed non-significant differences in
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malonaldehyed, as compared to the group fed on diet containing
untreated almond.

Hazelnut:

Table (12) showed the effect of untreated and treated
hazelnut with irradiation (6 kGy and 10 kGy) on malonaldehyed and
antioxidant enzymes of healthy rats.The mean valueof the
malonaldehyeddecreased significantly in the groups treated with
irradiated and un irradiated hazelnut, as compared to the control
group.The mean values of GPX and SOD in healthy rats fed on diet
containing untreated hazelnut showed non-significant changes, while
catalase increased significantly, as compared to healthy rats fed on
based diet.

Treated healthy groups with diets containing irradiated
hazelnut with (6 and 10 kGy) showed non-significant differences in all
antioxidant enzymes (Malonaldehyed, GPX, Catalase and SOD), as
compared to the group of rats, which was fed on diet containing
untreated hazelnut.

Aydan et al., (2004)indicate that hazelnut oil reduced

oxidative stress and cholesterol accumulation in the aortas of rabbits
fed on high cholesterol diet.
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(Table 1): Approximate analysis of un-treated and treated almonds
with irradiation.

Radiation Zero time Storage (6 months)

Moisture Ash | Protein | Lipid |Moisture| Ash Protein | Lipid
Dose kGy g/100g | g/100g | g/100g | g/100¢g | g/100g | g/100g | ¢/100g |(9/100¢g

54.6
6.172 3.032 28.12 52.42 6.53? 4.362 23.52
Control a
+0.186 +0.03 +0.12 +0.2 +3.274 +0.0 +0.12 107

54.2
6 kG 5.99% 2.83° 28.7% 54.22 6.28% 4.46% 22.3% a
y +0.521 +0.03 | #0.15 +4.8 +0.643 +1.6 +0.15 102

54.1
10KG 5.26° 2.73° 27.5% 52.9% 6.52% 4.30% 21.902 .
y +0.066 +0.09 | #0.12 +0.7 +1.574 +0.5 +0.12 +11

*Data represented mean + standard error.
*Values at the same column with different letters are significant at P<0.05.

(Table 2): Approximate analysis of un-treated and treated hazelnut
with irradiation.

Radiation Zero time Storage (6 months)

Moisture | Ash Protein | Lipid Moisture Ash Protein | Lipid
Dose kG g/100g | ¢/100g | 9/100g | g/100g | g/100g | g/100g | /100 g | g/100 g
4,732 2.33* | 15.00* | 62.49* 14.60° 2.53* | 21.00* | 56.962

Control
+0.176 | +0.06 +0.12 | +0.499 +0.200 +0.033 | +0.12 | +3.996
6 KG 4.20° 1.832 15.20% | 59.07° 15.13° 2.032 19.90% | 54.802
y +0.058 | +0.328 | +0.15 | +0.067 +0.570 +0.333 | +0.14 | £3.468
4.10° 1.712 16.80% | 58.13° 16.70 2.102 20.10* | 51.562

10 kGy

+0.100 | +0.00 | +0.12 +1.10 +0.058 +0.05 | #0.15 +1.14
* Data represented mean + standard error.
*Values at the same column with different letters are significant at P<0.05.
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Table (3): The percentage of fatty acids in control and irradiated
almond at zero time and after storage for 6 months.

Almond at Zero time

Fatty acid Carbon no. control 6 kGy | Change% 10kGy | Change%
Palmitic acid C 16:0 7.42 7.6 +2.4 9.5 +28.0
Oleic acid ci81 73.74 66.6 -9.68 71.7 -2.7
Linoliec C 18:2 18.8 25.69 + 36.64 14.7 -21.8
Almond after storage for six months
Palmitic acid C 16:0 10.6 12.05 +13.6 14.2 + 33.96
Oleic acid c18:1 76.42 68.40 -10.49 57.9 -24.23
Linoliec C 18:2 - - - - -
Arachidic C20:0 3.57 2.6 -27.1 4.8 + 34.45

Table (4): The percentage of fatty acids in control and irradiated
Hazelnut at zero time and after storage for 6 months.

Hazelnut at zero time

Fatty acid Ca;rct:on control 6 kGy Change% 10 kGy | Change%
Palmitic acid C 16:0 6.58 6.00 -8.8 6.98 +6.0
Oleic acid c18:1 81.28 74.3 -85 79.61 - 20
Linoliec C 18:2 8.19 7.6 -3.6 7.7 - 59
Hazelnut after storage for six months

Palmitic acid C 16:0 5.9 10.2 +72 4.7 -20.3
Oleic acid c18:1 79.71 78.0 -2.1 54.3 -31.8
Linoliec C 18:2 8.3 - - 3.1 - 62.0
Arachidic C20:0 - 2.4 -

152



Egyptian J. of Nutrition Vol. XXXIV No. 3 (2019)

Table (5): Relative organs weight of rats fed on diet containing un-
treated and treated almond with irradiation.

Organs Organs weight / body weight %
Groups Heart Liver Spleen Testes Kidney
. 0.72 5.022 0.56° 1.34° 1.132
Basil diet
+0.01 +0.14 +0.04 +0.08 +0.07
0.68* 4,792 0.67% 1.832 1.132
Un-treated almond
+0.09 +0.48 +0.11 +0.20 +0.09
< 0.79° 4,772 0.61° 1.86% 1.132
- 5 | 6KGy
% z +0.08 +0.37 +0.06 +0.07 +0.03
S é 10 0.77° 5.112 0.91°¢ 1.8872 1.132
< | KGy 0.09 +0.60 +0.10 +0.21 +0.19
P. Value 0.0001 0.0001 0.0001 0.0001 0.0001

*Values are expressed as means +SD.
*Values at the same column with different letters are significant at P<0.05.

Table (6): Relative organs weight of rats fed on diet containing un-
treated and treated hazelnut with irradiation.

Organs Organs weight / body weight %
Groups Heart Liver Spleen Testes Kidney
o 0.702 5.02 0.562 1.34° 1.132
Basil diet
+0.01 +0.14 +0.04 +0.08 +0.07
Untreated 0.72 4.472 1.05° 1.742 1.252
hazelnut +0.09 +0.57 +0.21 +0.16 +0.18
0.712 4,952 0.98% 1792 1.382
5 5 6 KGy
Q E +0.08 +0.46 +0.06 +0.20 +0.12
© =
S N % 0.65° 4707 0.82° 1.68° 1.39°
+0.07 +0.44 +0.12 +0.14 +0.12
P.Value 0.0001 0.0001 0.0001 0.0001 0.0001

*Values are expressed as means +SD.
*Values at the same column with different letters are significant at P<0.05.
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Table (7): Effect of diet containing untreated and treated almond with
irradiation on blood hemoglobin, serum glucose and liver

enzymes of healthy rats.

Parameters | Hemoglobin Glucose AST ALT
groups g/dl mg/dl U/L u/L
- 15.732 74.222 83.75% 22.16°
Basil diet
+1.5 +7.0 +7.3 +1.10
15.722 83.46% 94.00° 26.83%
Untreated almond
+0.84 5.3 +0 +0.83
14.10? 73.87 89.162 26.00%
- © 6 kGy
22 c +1.46 +5.4 +3.08 +0.110
© =
o g = 16.90° 91.38° 88.80% 26.00*
[t 10 kGy
+3.87 +14.36 +3.32 +0.042
PV 0.8515 0.4517 0.3165 0.0014

*Values are expressed as means +SD.

*Values at the same column with different letters are significant at P<0.05.

Table (8): Effect of diets containing untreated and treated hazelnut
with irradiation on blood hemoglobin, serum glucose and

liver enzymes of healthy rats.

Parameters Hemoglobin Glucose AST ALT
groups g/l mg/l U/L uU/L
o 15.73° 74.222 83.752 22.162
Basil diet
+1.5 +7.0 +7.3 +1.10
13.17° 80.51% 94.00? 13.83°
Untreated hazelnut
+1.03 +6.17 +0 +0.94
16.592 72.72% 94.007 16.00%®
- 5 6 kGy
9 £ c +1.51 +16.03 +1.11 +0.81
15 =
E ﬁ e 10 16.682 78.34% 94.002 15.00°
< kGy +1.71 +3.03 +0 +1.09
PV 0.326 0.932 0.179 0.0065

*Values are expressed as means +SD.

*Values at the same column with different letters are significant at P<0.05.
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Table (9): Effect of diet containing untreated and treated almond with
irradiation on lipid profile of healthy rats.

Parameters Cholesterol Triacylglycerol HDL-c LDL-c
Groups mg/dI mg/dI mg/dl mg/dI
. 139.00° 79.37? 61.56° 61.572
Basil diet
+4.35 +17.18 +1.14 +7.10
138.33% 155.66° 63.46% 44.70°
Untreated almond
+7.53 +4.70 +0.50 +7.77
135.002 149.00° 61.64% 44.64°
s 0 6 kGy
Q8 +3.57 +6.80 +1.43 +0.27
5 =
g E 2| 10kGy 135.332 146.66° 61.75% 44.25°
© +1.66 +25.71 +1.81 +4.54

*Values are expressed as means +SD.
*Values at the same column with different letters are significant at P<0.05.

Table (10): Effect of diet containing untreated and treated hazelnut
with irradiation on lipid profile of healthy rats.

Parameters Cholesterol Triacylglycerol HDL-c LDL-c
Groups mg/dl mg/dl mg/dl mg/dl
- 139° 79.33° 61.56% 61.57°
Basil diet
+4.35 +17.18 +1.14 +7.10
Untreated 133.33% 149.662 60.422 38.98°
hazelnut +11.78 +15.34 +0.23 +8.83
131.332 161.33% 60.612 37.45%
o 5 6 kGy
o £ < +4.66 +8.29 +0.77 +4.36
I =
o § 3 131.00° 172.66% 60.992 45.47°
+00 +5.84 +0.87 +1.64

*Values are expressed as means +SD.
*Values at the same column with different letters are significant at P<0.05.

155



Ayat L. K. Soude, Hania F. G. El-Neily
And Ashraf A. Abd EI-Megeid

Table (11): Effect of diet containing untreated and treated almond

with irradiation on malonaldehyed and antioxidant
enzymes of healthy rats.

GPX Catalase SOD
Malonaldehyedng/gT
u/igT u/igT u/igT
. 5.452 64.87¢ 70.65° 20.59¢
Basil diet
+0.18 +0.79 +0.19 +0.07
3.32° 66.79° 82.08° 23.03°
Untreated almond
+0.7 +0.25 +4.79 +0.16
3.6° 67.94%° 93.212 26.072
- 6 KGy
22 +0.301 +0.21 +0.76 +0.22
T 25
|°_,_’ % = 10 3.8° 68.722 94.63% 24.85°
KGy +0.401 +0.74 +1.94 +0.63

*Values are expressed as means +SD.

*Values at the same column with different letters are significant at
P<0.05.

Table (12): Effect of diet containing untreated and treated hazelnut
on antioxidant enzymes of healthy rats.

GPX Catalase SOD
Malonaldehyedng/gT
U/gT u/igT u/igT
. 64.87° 70.65° 20.59°
Basil diet 5.452+0.18
+0.49 +0.19 +0.07
Untreated 65.70% 95.89% 21.93%
4.65°+0.75
hazelnut +1.27 +6.04 +1.12
6 66.72% 105.11% 22.477
4.65°+0.50
s 5 KGy +0.77 +3.25 +0.25
£ < s
8 N E| 10 71.322 110.762 22.70°
= < 4.64°+0.311
KGy +3.26 +0.93 +0.16

*Values are expressed as means £SD.
*Values at the same column with different letters are significant at P<0.05.
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