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Abstract
The aims of this study evaluate the total aflatoxin in peanut and its products in the
local markets, and to find the best methods to reduce aflatoxin level. A total of 179
samples peanuts and its products were collected from the markets in Gaza strip from
February to July 2013. Samples were analyzed for aflatoxin content using Eliza. Then
different treatment were used to reduced aflatoxin namely hydrogen peroxide,
ammonium hydroxide, sodium chloride and using ultra violet light). Data analyzed by
using SPSS version 17 using descriptive and qi square, correlation and ANOVA tests.
The results of this study indicated that 70.9% of samples were free of Aflatoxin where
the rest of samples contaminated with aflatoxin. Whereas 14.5% of samples were
higher than the standard limit (15mg/kg). The mean of Aflatoxin concentration among
Egyptian, Indian, Chinese and unknown origin peanut with red skin were 2.4, 4.2, 4.1
and 27.13µg/kg respectively, In addition, there was a direct relationship between
presence of Aspergillus toxic and presence of aflatoxin and the relation was statistical
significant difference between Aspergillus toxic growth and presence of Aflatoxin (Pvalue = 0.03). Moreover, there was a statistical significant difference between yeast
growth and Aflatoxin concentration levels (P-value=0.03) Also, there was a statistical
significant difference between types of grinding peanut regarding to known and
unknown origin (P-value= 0.02). The best found methods used in this study to reduce
toxicity of aflatoxin was Ultraviolet method, this method reduced aflatoxin
concentration levels to the value that not detected by Eliza (lower than LOD=0.125
µg/kg). The study revealed the occurrence of aflatoxin in peanuts collected from the
market. Ultra violet is the best method for treatment of contamination peanut with
aflatoxin. Further studies need to be conducted in order to better understand the
aflatoxin contamination on other types of foods.

iv

Contents
Dedication ................................................................................................................................................ i
Declaration ...............................................................................................................................................ii
Acknowledgement...................................................................................................................................iii
Abstract ...................................................................................................................................................iv
List of Abbreviations................................................................................................................................ix
1. Introduction ......................................................................................................................................... 1
1.3: Objectives of the study:................................................................................................................ 2
1.3.1: General objective: ................................................................................................................. 2
1.3.2: Specific objectives: ............................................................................................................... 3
2. Literature Review ................................................................................................................................ 4
2.1: Mycotoxins and Mycotoxigenic Fungi:......................................................................................... 4
2.2: Control of mycotoxins:................................................................................................................. 6
2.3: Incidence of aflatoxins concentrations levels worldwide:............................................................ 6
2.4: Occurrence of aflatoxin in peanut and peanut products ............................................................. 10
2.5: Physical and chemical properties of Aflatoxins: ........................................................................ 12
2.6: Pathogenicity of aflatoxin and human being:............................................................................. 14
2.7: Regulatory limits for aflatoxins worldwide: .............................................................................. 17
2.8: Methods for detection of aflatoxins: .......................................................................................... 19
2.9: Effects of moisture contents and temperature on the deterioration of peanut: ........................... 20
2.10: Destruction and prevention of aflatoxin produced in peanut: .................................................. 25
3. Materials and Methods ...................................................................................................................... 30
3.1: Sample collection: ...................................................................................................................... 30
3.2: Microbiological Analysis ........................................................................................................... 30
3.2.1: Sample preparation:............................................................................................................. 30
3.3: Materials:.................................................................................................................................... 31
3.3.1 Peanuts and its products: ...................................................................................................... 31
3.3.2 Media used for isolation and cultivation of Aflatoxigenic Aspergillus:............................... 31
3.4: cultivation and Isolation of aflatoxigenic Aspergillus:............................................................... 33
3.4.1: Microbiological Tests: Enumeration of Yeasts and Moulds ................................................ 33
3.4.2: Operation Steps ................................................................................................................... 34
3.5: Diagnostic of Aflatoxigenic Aspergillus: ................................................................................... 35
3.6: Analytical Methods: .................................................................................................................. 36
3.6.1: Determinant of moisture contents:- .................................................................................. 36
3.6.2 Extraction of Aflatoxins ........................................................................................................ 36
v

3.7 Detoxification of aflatoxin by different methods ........................................................................ 39
3.8: Data analysis: ............................................................................................................................. 40
4. Results ............................................................................................................................................... 41
4.1 General characteristics of the study sample ................................................................................ 41
4.2 Relationship between peanuts and other variables ...................................................................... 46
4.3 Effect of different treatment for aflatoxin ................................................................................... 53
4.3.1: Effect of ultra violet (UV) on aflatoxin conc. in peanuts .................................................... 53
4.3.2: Effects of sodium chloride (NaCl) on aflatoxin conc.......................................................... 54
4.3.3: Effect of hydrogen peroxide (H2O2) on aflatoxin conc. ...................................................... 55
4.3.4: Effect of ammonium hydroxide (NH4OH) on aflatoxin conc. ........................................... 55
5. Discussion ......................................................................................................................................... 56
6. Conclusion......................................................................................................................................... 59
7. Recommendations ............................................................................................................................ 60
References: ............................................................................................................................................ 61
Annexes................................................................................................................................................. 75
Abstract (Arabic version) ...................................................................................................................... 88

vi

List of Tables
Table

Page

3.3.2.1

Composition of Rose Bengal chloramphenicol Agar M842/M640 Mediumgm/l

30

3.3.2.2

Composition of Potato Dextrose Agar (PDA)

31

3.3.2.3

Composition of Peptone Water

31

3.3.2.4

Composition of Sabourauds Dextrose Agar (SDA) M063

31

4.1

Descriptive statistics for Peanuts

41

4.2

Descriptive frequency of free and contaminated Aflatoxin samples

42

4.3

Descriptive frequency of Aflatoxin conc. levels with cut-off point 15 µg/kg

42

4.4

Counts of Moulds, Yeasts, Aspergillus and Aspergillus Toxic in the samples

43

4.5

Descriptive analysis of aflatoxin conc. of all kinds of peanuts samples

43

4.6

44

4.7

Count of Moulds, Yeast, Aspergillus and Aspergillus Toxic in all kinds of peanuts
study samples
Descriptive frequency of Aspergillus toxin in peanuts and its products

4.8

Descriptive frequency of yeast growth in peanuts and its products samples

45

4.9

Relationships between Aflatoxin conc. and peanuts with or without red skin

46

4.10

Relationship between Aflatoxin conc. and roasted or unroasted peanuts

46

4.11

Relationship between Aspergillus toxic growth of peanuts with or without red skin

47

4.12

Relationship between Aspergillus toxic growth and yeast growth of peanuts

47

4.13

Relationship between Aspergillus toxic growth and roasted or unroasted peanuts

48

4.14

Correlation relationship between Aflatoxin concintration and Aspergillus toxic
growth
Correlation relationship between Aflatoxin conc. and yeast growth

48

4.16,a

One way ANOVA TEST (Scheffe) Aflatoxin Conc. and peanuts grinding

49

4.16,b

One way ANOVA TEST (Scheffe) Aflatoxin Conc. and peanuts grinding

49

4.17,a

One way ANOVA TEST (Scheffe) Aflatoxin Conc. and peanuts red skin

50

4.17,b

One way ANOVA TEST (Scheffe) Aflatoxin Conc. and peanuts red skin

50

4.18

Relationship between moisture content of peanuts samples and moulds count

51

4.19

Relationship between moisture content of peanuts samples and aflatoxin conc.

52

4.20

Effect of Ultra Violet on Aflatoxin concentration in Peanuts

53

4.21

Effect of Sodium Cloride on Aflatoxin concentration in Peanuts

54

4.22

Effect of Hydrogen Peroxide on Aflatoxin concentration in Peanuts

55

4.23

Effect of Ammonium hydroxide on Aflatoxin concentration in Peanuts

55

4.15

vii

45

49

List of Figures
Figure

Page

2.1

The chemical Structures of Aflatoxins B1, B2, G1, G2, and M1.

13

2.2

Degredation of Aflatoxin compound

26

3.1

Inspection procedure on yeasts and moulds counts

34

4.1

Aspergillus toxic growth appear in pink and yellow color on PDA media

45

4.2

Ultra Violet apparatus used to treatment Aflatoxin conc. in Peanuts

54

viii

List of Abbreviations
A.O.A.C

Association of Official Analytical Chemists

Af-alb

Aflatoxin – Albumin

AFB1

Aflatoxin B1

AFB2

Aflatoxin B2

AFG1

Aflatoxin G1

AFG2

Aflatoxin G2

AFM1

Aflatoxin M1

AFM2

Aflatoxin M2

AFT

Aflatoxin Total

approx.

Approximately

Bw

Body weight

CAC

The Codex Alimentarius Commission

CEPA

Chloro ethyl phosphonic acid

CFU

colony forming units

Cm

Centimeter

CO2

Carbon dioxide

conc.

Concentration

DNA

Deoxy ribonucleic acid

ELISA

enzyme-linked immunosorbent assay

F

Fahrenheit

FAO

Food and Agriculture Organization

FDA

Food and Drug Administration

GEMS

Global Environment Monitoring System

gm

Gram

H2O2

Hydrogen Peroxide

HACCP

Hazard Analysis and Critical Control Point

HBV

Hepatitis B virus
ix

HCC

Hepato-cellular Carcinoma

HPLC

High Performance Liquid Chromatography

IARC

The International Agency for Research on Cancer

JECFA

Joint Expert Committee on Food Additives

Kg

Kilo gram

KOH

Potassium hydroxide

LC

Liquid Chromatography

m.c

Moisture content

MAP

Modified Atmosphere Packaging

MF

Molecular formula

Min

Minute

Ml

Milli liter

Mm

Milli meter

MOH

Ministry of Health

MP

Melting point

MW

Molecular weight

NaCl

Sodium chloride

NADPH

Nicotinamid Adenine dinucleotide phosphate

ND

Non Detected

Ng

Nano gram

NH4OH

Ammonium Hydroxide

Nm

nano meter

No.

Number

o

Degree Centigrade

C

PDA

Potato Dextrose Agar

pg

Pico gram

PH

Power of Hydrogen

Ppb

part per billion

PRS

Peanut red skin
x

PS

Palestinian standard

QDPI

Queensland Department of primary Industry

r.h

Relative humidity

SD

Standard deviation

SDA

Sabourauds Dextrose agar

Sig.

Significant

SPSS

Statistical Package for Social Sciences

Std.

Standard

T.V

Television

TLC

Thin-Layer Chromatography

TNTC

Too Numerous To Count

USA

United States of America

UV

Ultraviolet

WHO

World Health Organization

YES

yeast Extract sucrose

$

Dollar

%

Percentage

(аѡ)

Water activity

>

More than

≤

Less than or equal

µg

Micro gram

µl

Micro liter

xi

1. Introduction
In the world, more than 400 mycotoxins are identified, but the most
important groups of mycotoxins and considered as major health concern for
humans and animals, and occur quite often in food are aflatoxins, ochratoxin A,
and trichothecenes (Nida and Rafat 2010).
Aflatoxins (AFs) are a group of mycotoxins produced as secondary
metabolites by the spoilage of fungi. AFs are the name for groups of toxins
known as B1, B2, G1, G2 (Carcinogenic compounds) that are produced mainly
by tow fungi called Aspergillus flavus and Aspergillus parasiticus. These toxins
occur naturally and have been found in a wide range of commodities (including
peanuts) used for animal and human consumption. Depending on their levels,
toxins can severely affect the liver and induce a human carcinogen, i.e., causes
cancer. In many developing countries, aflatoxin is a major health risk to both
humans and animals due to high levels of consumption of contaminated
products (Bleasa et al., 2003; Carlos et al., 2009; Loh et al., 2010 and Shami
and Ahmad, 2011).
Peanuts are widely grown in developing countries and are consumed
directly or indirectly through their oil (Tsunehiro et al., 2001). Peanut products
for direct consumption include roasted, salted peanuts, peanut butter, chocolatebased products and in supplementary and therapeutic infant foods. They are
also one of the most important oilseeds used in agriculture worldwide. Though
aflatoxins producing fungus are natural contaminant of peanut and other
agricultural commodities, it is aggravated due to poor agricultural practice, post
harvest handling and storage methods. As peanut is the most susceptible food
for aflatoxin contamination (Eshetu, 2010).
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Peanuts are widely used in Gaza Strip in the form of raw, roasted, in the
fabrication of sweets, candies and pastes. Contamination of peanuts with
aflatoxins is one of the main factors that compromise the quality of the
products. Therefore, monitoring of aflatoxins in peanuts and their products is
very important for protection the Palestinian consumers.
Aydin et al., in 2007, reported that 5-10% of agricultural products in the
world are being spoiled by mould to the extent that they cannot be consumed
by human or animals. In the United States, visible signs of fungal growth on
peanut kernels result in segregation of farmer lots from the edible category and
a loss of 2.6$ million per year to peanut producers (Timper et al., 2004)

The present study is the first study to describe the aflatoxin levels in
peanuts in Gaza strip. Many professionals may use the results of the study that
will be implemented as basic data to build up strategies for health protection. In
addition, it could represent a directional clue for many investigations in this
field. There is no any previous study for determination of aflatoxin level in
peanut or other types of food in Gaza strip, as far as the researcher known.
Therefore, this study will be designed to determine the following objectives:

1.3: Objectives of the study:
1.3.1: General objective:
The general objective is to determine the level of aflatoxin in peanut and its
products in the local markets in Gaza strip, and to evaluate different chemical
treatment in reducing the level of contamination.

2

1.3.2: Specific objectives:
The specific objectives of the study were, therefore, to:
i.

Determine the level of aflatoxin in peanuts and peanut products (peanut
butter, Kapoki, Zalat, Sweet peanut).

ii.

Isolate and identify fungi producing aflatoxin from peanuts.

iii.

Study the effect of moisture, temperature and storage time on the
aflatoxin levels in peanut.

iv.

Assesst the efficiency of different treatment in reducing the level of
aflatoxin contamination in peanut.

3

2. Literature Review
2.1: Mycotoxins and Mycotoxigenic Fungi:
Mycotoxin is a general term used to describe compounds or metabolites,
which are toxic or have other biological effects on living organisms, and which
are produced by moulds. The term is derived from the Greek words "mykes"
meaning fungus and "toxicum" meaning poison or toxin (Shalaby, 1984)
Mycotoxins of concern include aflatoxin, ochratoxin, fumonsins,
trichothecenes, zearaleaone. These mycotoxins are mainly produced by three
genera; Aspergillus, Penicillium, and Fusarium (CAST, 2003).
Mycotoxins greatly resist decomposition or being broken down in digest
on, so they remain in the food chain even after heat treatment, such as cooking
and freezing (Urraca et al., 2004 and Loh et al., 2010).
Mycotoxicoses, which can occur in both industrialized and developing
countries, arise when environmental, social and economic conditions combine
with meteorological conditions such as humidity, temperature, which favor the
growth of moulds. The most pronounced contamination has been encountered
in the tree nuts, peanuts, and other oil seeds, including corn and cottonseed
(Hasan et al., 2005).
The term "storage fungi"was used in 1940 to describe a group of fungi
which are adapted to grow in an environment of relatively low moisture content
and that those fungal groups are responsible for deterioration of stored grains.
Storage fungi include a few species of Aspergillus, Penicillium and others
(Bekheit, 1987 ). They played a significant role in the deterioration of grains
and seeds, and can grow on and in many other kinds of materials including
most of the ingredients of foods and feeds (Bekheit, 1987 ).
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The majority of Aspergillus flavus isolates (60-70%) are atoxigenic
(Nisreen et al., 2012). Aflatoxins are the most well known and important
mycotoxins from the point view of their direct hazard to man and animal health
(Souzan, 1983; Magda and Colin, 1990). At present, 18 different compounds
are known, with aflatoxins B1, B2, G1 and G2 being the ones most commonly
found in nature (Klich, 2007; Danielle et al., 2012).
Aflatoxins are mainly produced by Aspergillus flavus and Aspergillus
parasiticus which contaminate staple foods and groundnuts. Storage of crops in
hot humid conditions can promote growth of the aflatoxin producing fungi and
results in increased accumulation of the toxin (Stephanie et al., 2012).
A study entitled "Aflatoxin content of peanut in relation to shelling and
storage practices of Ethiopian farmers conducted by Eshetu, in 2010 concluded
that, conditions for mould growth and mycotoxin formation are dependent on
the specific mould, but include the presence of fungal spores, an organic
substrate and the proper levels of moisture, oxygen, temperature, and acidity.
Aflatoxin contamination of peanuts (Arachis hypogaea L.) is resulted
from the growth in peanut Kernels by toxigenic strains of the fungi, Aspergillus
flavus Link and Aspergillus parasiticus Speare. These fungi are commonly
found in soil where peanuts are grown, and many strains of A. flavus and most
strains of A. parasiticus produce aflatoxins (Joe et al., 2003).
The term aflatoxin is derived from Aspergillus (A-) flavus (-fla-) and
toxin. It has been reported that, out of the known strains of Aspergillus
parasiticus, only about one-half produce toxins (Salemuallah et al., 2006).
Groundnuts are used for various purposes in the daily life as well as in
processing. Kernels are used as a good source of vegetable proteins and
oil(Simone, 1990; Tong et al., 2010).
5

2.2: Control of mycotoxins:
Managing the risk associated with aflatoxin contamination is a complex
issue, involving strategies for prevention, monitoring, management, good
manufacturing practices and quality control in all stages of the supply chain
(Food and Agricultural Organization, 2001).
The prevention of fungal infection would be the best management
solution, the unpredictable nature of aflatoxin production in the field makes it
difficult to completely prevent aflatoxin entering the food chain. An integrated
management system such Hazard Analysis and Critical Control Point (HACCP)
has been favored for managing the risks posed by aflatoxin. The study
conducted by Retnowati et al., 2005, establishing critical hazard points in the
supply chain is one of the important components of HACCP, before
appropriate management practices can be put in place (Retnowati et al., 2005).
Aflatoxin contamination is the most important quality problem for
peanut (Arachis hypogaea L.) worldwide. While aflatoxin contamination
affects peanut quality, the greater problem is that it affects the health of humans
and livestock that consume contaminated peanut products (Arunyanark et al.,
2010).
Based on the samples of peanuts (raw) from the post-harvest fields of the
main nationwide producing area, a dietary exposure assessment indicated that
the occurrence of AFT in raw peanuts does not appear to be a serious problem
and that the risk concerning public health is low in China ((Xiaoxia et al.,
2012).

2.3: Incidence of aflatoxins concentrations levels worldwide:
Regulations on maximum allowable levels of aflatoxin in food could also
reduce aflatoxin exposure. Regulations do little to help reduce aflatoxin and its
related health effects in less developed countries (Felicia and Pornsri, 2010).
6

.In addition, a study conducted by Bahat et al., 1997 indicated that 21% of the
contaminated peanut samples available in the Indian market were not suitable
for human consumption as they contained with aflatoxin B 1 above the Indian
permissible limit of 30µg/kg.

Previous study tested some cereal samples collected from different
locations: Singapore, Thailand, Indonesia, South Africa, USA and New
Zealand. They found aflatoxins in 38.2, 86.2, 83.3, 69.6, 57.6 and 33.3% of the
tested samples respectively. Based on the total samples tested 74.3% were
found to be contaminated with aflatoxins with 8.2% having >1000 ppb, 11.9%
>500 ppb and 32.1% >100 ppb. However, they found no aflatoxin in soybean
samples from United States (Souzan, 1983)
Mutegi et al., 2009 in Kenya investigated the prevalence and levels of
aflatoxin in peanuts from western Kenya. The factors associated with high
levels of aflatoxin were identified, and the risk of a peanut sample from the
region exceeding the national regulatory threshold of 20µg/kg. The results
indicate that the levels of aflatoxin ranged from 0 to >7525µg/kg and were
highly variable; where most of peanuts from western Kenya were generally
safe for human consumption but a small proportion of the samples contained
very high levels of aflatoxin. Another study conducted by Maria et al., 2010
showed that, the peanuts from local landraces and those harvested in the more
humid agro-ecological zones within the region were more likely to be
contaminated with aflatoxin than those from improved cultivars and/or from
less humid agro-ecological zones (Maria et al., 2010).
A study conducted in Saudi Arabia by Deabes, in 2011 concluded that,
the concentration of total aflatoxin in nuts samples ranged from 16 to 240µg/kg
of sample (Deabes, in 2011). A study conducted by Shami and Ahmed, 2010 in
Sudan concluded that 58.3% of samples were positive for aflatoxin and the
7

concentration of these positive results ranged from 17.5 to 404µg/kg (Shami
and Ahmed, 2010). Another study conducted in Brazil in 2009 concluded that
44.2% of the peanut samples were positive for aflatoxin at level of 0.5 to
103µg/kg (Carlos et al., 2009).
In Malaysia, a study tackled aflatoxin in raw peanut marketed in
Malaysia concluded that 78.5% of the samples were contaminated with
aflatoxin, but 10.7% of contaminated samples exceeded the maximum limits of
15µg/kg set by the Codex (Sahar et al., 2010).
In China, a study conducted by Baifen et al., 2010 concluded that 68.4%
of samples of peanut and their derivative products contaminated by aflatoxin.
Another study in China in 2009 concluded that Aflatoxin B1 (AFB1) was the
predominant toxin detected abundantly and frequently at a level up to 51µg/kg
in 41 of 50 peanut butter samples (Li et al., 2009). However, another study in
China in 2007 concluded that the aflatoxins detection rate in peanut was
23.08%, with a mean level of 0.82 µg/kg and the highest level of 28.39 µg/kg
(Wang and Liu, 2007)
In Japan, Aflatoxins (AFs) were detected in ten of 21 peanut butter and
in 22 of 44 butter chocolate samples; the highest level of AFB 1, (2.59 µg/kg)
was found in peanut butter (Kumagai et al., 2008)
Previous study isolated different strains of Asperigills flavus and assesst
their ability to produce aflatoxin on peanuts and on other nutrient solutions.
They found that about 80% of A. flavus isolates produced aflatoxins. Up to
90% produced primarily, aflatoxin B1 and about 10% produced both aflatoxin
B1 and G1. In addition, the aflatoxin production by strains of A. flavus group
isolated from field crops like peanuts, cottonseed, rice and sorghum. Whereas
the A. Flavus group was much more prevalent in peanuts and rice than in
cottonseeds and sorghum (Souzan, 1983)
8

In Ethiopia, a study conducted by Eshetu, in 2010 concluded that 73% of
peanut samples collected were positive for aflatoxin. Results of the 2-year
survey for peanuts in China carried out on 1040 samples, showed that the
percentage of undetected-AFB1 (lower than LOD) in individual sample ranged
from 30 to 96%. More than 95% of the AFB1 or AFT in peanut samples was at
a low level, which were mostly <1.0 µg/kg, but only one sample had an
abnormally high level of 720 µg/kg, and no cause was identified (EFSA, 2007).
According to the Chinese AFB1 regulation (<20 µg/kg), ten samples
exceeded the regulatory levels, which was approximately 1% of all samples,
whereas 39 samples (3.7%) exceeded the maximum levels ( ≤2 µg/kg)
established by the European Commission. AFB1, AFB2, AFG1, and AFG2 were
all detected in peanuts, and experimental evidence indicated that they all were
carcinogenic. China has no current AFT regulation, which may cause a
potential risk for human consumption resulting from a high incidence of AFB2,
AFG1, or AFG2 (EFSA, 2007).
Based on previous studies Razzazi-Fazeli et al., 2004; Egal et al., 2005;
Ok et al., 2007; Shundo et al., 2009 and Bankole et al., 2010, a wide range of
foods could be contaminated by AFT, which are commonly associated with
groundnuts, tree nuts, dried fruit, spices, rice, maize, soybeans, and wheat, and
high incidences (between 12% and 85%) and high AFB1 levels (from 10 to1099
µg/kg) were found in most developing countries, particularly for peanut
products. Compared with reports from other countries, the studies of Chen in
1997from Joint Expert Committee on Food Additives (JECFA) found that
soybean and its products, maize, wheat, sorghum, rice, and peanuts and its
products were contaminated with AFB1 in China and peanuts had lower levels
(0.6-488µg/kg)than other countries. Significant differences were found between
the post-harvest peanuts (unprocessed). This may have resulted due to the
changing climate (Cotty and Jaime-Garcia, 2007).
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According to the evaluation conducted by JECFA (2008), the estimated
AFB1 and AFT intake from groundnuts in the G cluster diets area including
China (Global Environment Monitoring System (GEMS)/Food-EUROS, 1995),
ranged from 0.9 to 1.0 ng/kg bw/day, accounting for 63-69% of the total AFT
dietary exposure of 1.3-1.6 ng/kg bw/day. This indicated that groundnut was a
main contributor to AFT exposure (Xiaoxia et al., 2012).
Previous study in Egypt, by Souzan, 1983 indicated that, isolated
different species of asperigills flavus and screened them for aflatoxin
production on peanuts and on other nutrient solutions. She found that about
80% of aspergills flavus isolates produced aflatoxins. Up to 90% produced
primarily aflatoxin B1 and about 10% produced both aflatoxin B1 and G1.

2.4: Occurrence of aflatoxin in peanut and peanut products
A variety of crops including corn, cotton seed, peanut, wheat, copra,
peas, millet, spices and dry fruits may be contaminated by aflatoxins,
particularly aflatoxin B1 (AFB1). Among animals, poultry livestock are
particularly endangered by acute aflatoxicosis. Prolonged exposure to sub acute
levels of aflatoxins is detrimental to human health. The aflatoxin contamination
of agricultural commodities is an established concern at both national and
international levels (Wenli et al., 2005).
Schroeder and Boller (1973) studied the Aflatoxin production by species
and strains of Aspergillus. flavus group isolated from field crops like peanuts,
cotton seed, rice and sorghum. Whereas, the Aspergillus flavus group was
much more prevalent in peanuts and rice than in cotton seeds and sorghum
(Souzan, 1983).

10

The content of aflatoxin B1 has been reduced effectively in food
processing, such as deep frying, smoking, and roasting(Yazdanpanah et al.,
2005 and Chao et al., 2011).
Peanut is a dicotyledonous plant and the only species cultivated is
Arachis hypogaea L. Peanuts are annual, herbaceous, pubescent, erect or lowgrowing plants. Their peculiarities are the aerial flowers and subterraneous
fruits. After fertilization, the flowers form gynophores that grow downwards
into the soil. Fruit development starts under the soil and lasts about 40-50 days
until-harvest (Danielle et al., 2012).
In commercial plantations, once the plants are uprooted, the pods are
placed to dry in the sun in a windrow (Godoy and Minotti, 2005). This is one of
the most important stages of production, since poor drying can provoke a
significant increase in fungal contamination (Danielle et al., 2012).

The increase in the level of fungal contamination does not only occur in
the field, but also during the process of kernel formation, harvesting, drying,
transport, and storage (Rossetto et al., 2005), as well as during handling
(Santos et al., 2001). The economic impact of fungal invasion includes
reducing seed germination rates, discoloration, unpleasant odor, and loss of dry
fabric heating, cooking, chemical and nutritional alterations, and mycotoxin
production, all of which may make peanut products unsuitable for consumption
(Danielle et al., 2012).
The literature has reported many health benefits associated with
consumption of peanuts including cancer inhibition. This benefit is mainly
attributed to micronutrients such as α-tocopherol, folate, minerals and health
promoting phytochemicals, particularly resveratrol, ferulic acid and other
phenolic compounds (Maria et al., 2009). Peanut (Arachis hypogaea L.) is
acomplex food matrix, which is energy giving due to its high fat and protein
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content and its relatively high fiber content (Maria et al., 2008 and Mutegi et
al., 2009). These characteristics led the nut to become sensitive to fungal
contamination, both pre and post-harvest. As a result of inappropriate
processing and storage conditions, peanut and its products may be
contaminated with microorganisms. Numerous moulds may be involved in
peanut spoilage, such as a species of Aspergillus, Penicillium, Fusarium
(Chulze, 2005).
Aspergillus species are important colonizers of peanut because of their
ability to produce several mycotoxins such as aflatoxins, ochratoxins. Among
the Aspergillus species, A. flavus, A. parasiticus, A. nomius, A. pseudotamarii,
A. bombycis and A. ochraceoroseus are of concern due to their toxigenic
potential for producing aflatoxins. Among all classes of aflatoxin, aflatoxin
B1is known to be the most significant in terms of animal and human health risk
(Maria et al., 2008).

2.5: Physical and chemical properties of Aflatoxins:
Aflatoxins are dihydrofuran or tetrahydrofuran moieties fused to coumarin ring
formed by polyketide pathway (Hussein and Brasel 2001; Klick 2007a). Figure
2.1 shows the chemical structure for AF B1, B2, G1 and G2. Aflatoxins are
identified according to the fluorescence they emit when exposed to UV light (B
for blue, G for green). They possess a low molecular weight are very soluble in
moderately polar solvents such as chloroform, methanol and dimethylsulfoxide,
but are poorly soluble in water. Aflatoxins are stable at high temperatures (the
fusion point of AFB1 is 269 °C), but can be destroyed by autoclaving in the
presence of ammonia and treatment with hypochlorite (Afsah-Hejri et al.,
2011and Danielle et al., 2012).
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Aflatoxins posses apolycyclic structure derived from a coumarin nucleus
attached to abifuran system. B series aflatoxins are attached to apentanone;
while G series aflatoxins are attached to a six-membered lactone (Salemuallah
et al., 2006).

AFLATOXIN B1

AFALATOXIN B2

Molecular formula :C17H12O6

Molecular formula :C17H14O6

Melting point : 268 -269 °C

Melting point : 286-289 °C

Molecular weight :312

Molecular weight :314

AFLATOXIN G1

AFLATOXIN G2

Molecular formula: C17H14O7

Molecular formula: C17H12O7

Melting point: 237-240 °C

Melting point: 244-246 °C

Molecular weight: 330

Molecular Weight: 328

Figure 2.1: The chemical structures of aflatoxins B1, B2, G1, and G2.
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2.6: Pathogenicity of aflatoxin and human being:
Aflatoxins usually enter the body via ingestion of contaminated foods,
but inhalation of toxigenic spores and direct dermal contact are also important
routes. Considering their heat stability, these substances constitute a potential
risk for human and animal health (Zinedine & Manes, 2009).
The clinical signs of aflatoxicosis are extremely varied. Signs of acute
aflatoxicosis include depression, nervousness, abdominal pain, diarrhea and
death (Herrman, 2002 and Loh et al., 2010).
A study conducted by Lereau et al., in 2012 concluded that, infection by
hepatitis B virus (HBV) and dietary exposure to aflatoxin B1are the main risk
factors for the development of chronic liver disease and hepatocellular
carcinoma (HCC).
Hepatocellular carcinoma is a common disorder worldwide which ranks
5th and 7th most common cancer among men and women respectively (Gao et
al., 2012).
Diet and its various components are consistently identified as among the
most important risk factors for cancer worldwide. Among the most potent
known human dietary carcinogens is the mycotoxin, aflatoxin B1 (GrossSteinmeyer and Eaton, 2012)
Aflatoxin may also play a role in global cirrhosis morbidity. Most of
these health problem associated with aflatoxin exposure occur in less
developed countries (Felicia and Pornsri, 2010).
Aflatoxins are potent carcinogens, teratogens , mutagens and toxins and
pose a severe hazard to animal and human health (Santos et al., 2001; Yan et
al., 2012) causing toxic hepatitis, hemorrhage, edema, immunosuppression and
hepatic carcinoma. The main target organ for toxicity and carcinogenicity is the
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liver (Kotsonis et al., 1996; Peraica et al., 1999; Hasan et al., 2005 and
Danielle et al., 2012).

Aflatoxins have been classified as human liver carcinogens by the World
Health Organization and by the United States Environmental Protection
Agency. Thus, accurate determination of aflatoxins is required to avoid human
exposure to aflatoxins and to advance worldwide surveillance of food
(Masahiko and Toshitsugu, 2008).
The increased risk of exposure to aflatoxin resulting in outbreaks of
acute aflatoxin poisoning (aflatoxicosis) and increased morbidity in children
suffering from stunted growth and malnutrition (Kwashiorkor) (Jeffrey et al.,
2011)
Hepatocellular carcinoma (HCC) is the fifth most common human
cancer, with approximately 750 thousand new cases occurring worldwide each
year. Eighty percent of global HCCs occur in developing countries, and in
these countries HCC is one of the three most common tumors. The
hepatocarcinogenic effects of AFB1 and Hepatitis B virus (HBV) are
synergistic, with a multiplicative relative risk for HCC development (Michael,
2012).
A study in Sudan by ELshafie et al., in 2011, showed that peanuts butter
prepared by the street sellers and distributed by the retail stores are evidently
hazardous to human health.
Aflatoxin causes several defects in organs and tissues, decrease in
growth rate, increase in death rate immunosuppression, anemia, and increase in
coagulation time and deteriorates lipid, carbohydrate, and protein metabolism
(Nurcan et al., 2012)
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AFB1 is known as a potent hepatocarcinogen and can play a synergic
action with hepatitis B or C viral infections leading to hepatocellular carcinoma
and also with other mycotoxins like ochratoxins and fumonisin (Parkin and
Muir, 1988; Li et al., 2001; Turner et al., 2000 ; Turner et al 2003 and Mckean
et al 2006).
According to several experimental data and epidemiologic studies in the
human population, aflatoxins, particularly aflatoxin B 1(AFB1), is apotent
carcinogen to humans and classified as human carcinogengenotoxic and
immunotoxic to human (group 1) by the International Agency for Research on
Cancer (IARC, 1993; Moss, 1996; Hussein & Brasel, 2001and IARC, 2002).
A study entitled "Reduction in exposure to carcinogenic aflatoxins by
postharvest intervention measures in west Africa" conducted by Turner et al.,
2005 concluded that, aflatoxins are associated risk of liver cancer and impaired
growth in young children.
Recent evidence indicates that aflatoxins are associated with the high
incidence of primary liver cancer in parts of Africa, Southeast Asia and China
(Gong et al., 2004; Jiang et al., 2005 and Turner et al., 2007). Therefore, the
positive correlation is between liver cancer and aflatoxin intake has been found
(Urrego Novoa and Diaz, 2006).
AFB1 acts as a strong hepatotoxicant, mutagen and naturally occurring
hepatocarcinogen, which cause liver cancer in a dose- dependent manner
(Vijaya et al., 2012).
AFB1 can increase the incidence of disease and reduce productive
efficiency. Some of the gross effects of AFB1 can include: intake reduction or
feed refusal, reduction in nutrient absorption and metabolism, digestive
disorders including hemorrhage and necrosis. Toxicity occurs at the cellular
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level. AFB1could cause many DNA changes such as cell deregulation, cellular
changes and death (Mardani et al., 2011)
Aflatoxin B1 associates with the etiology of human liver cancer even at
very low exposure (Wu et al., 2009). The human exposure of aflatoxin B1 is
mainly through the daily diet because aflatoxin B 1 is stable during normal
thermal treatment (Raters and Matissek, 2008 and Saalia and Phillips, 2010).
Aflatoxin concentration is the most important quality problem in peanuts
worldwide with serious health implications for humans as well as livestock
(Gong et al., 2003 and Craufurd et al., 2006).
AFB1 is primarily biotransformated in the liver by cytochrome P450associated enzymes that generate hydroxylated metabolites such as aflatoxins
M and B2 (Fernandes et al., 2003).
The study in Gaza entitled “Cancer incidence in the Gaza Strip, Palestine
1998- 2008 based on the population-based cancer registry Gaza” conducted by
the epidemiologist Abed et al., 2010 concluded that there was 213 patients
male and female suffering from hepatic carcinoma.

2.7: Regulatory limits for aflatoxins worldwide:
FAO as well as WHO were faced with the dilemma of setting the limits
for aflatoxin in human foods against high background levels of malnutrition:
including the danger that aflatoxin could produce liver cancer. They established
the upper aflatoxin limits of 30 µg/kg in foods for human consumption (Moss,
2002). For peanuts, nuts, dried fruits and cereals, the maximum level of 2µg/kg
for B1and 4µg/kg for total aflatoxins have been set by the European
Commission (Moss, 2002; European Commission, 2006 and Maria et al.,
2010).
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The codex Alimentarius commission (joint FAO/WHO) also adopted the
limit for total aflatoxin at 15 µg/kg in peanut (Codex, 2001). In Australia, the
Queensland Department of primary Industry (QDPI) set the maximum
allowable limit of total aflatoxin in peanut and peanut products are 15µg/kg
(QDPI 2000).
In 2002, Brazilian authorities established a maximum limit of 20µg/kg
for total aflatoxins (B1+B2+G1+G2) in peanuts (unshelled, shelled, raw or
roasted), peanut paste (or peanut butter) and corn (whole, crushed, mashed,
ground, meals and brans) (Carlos et al., 2009).
Food and Drug Administration (FDA) of USA has established an action
level for total aflatoxins which is at 20 ppb for all foods, including animal feeds
(Munkvold et al., 2005 and Loh et al., 2010).

Safety of the foods is the most important factor comparing with their
flavor, texture, and color. China, FDA, and European Union have promulgated
their recommended maximum aflatoxin B1 contents in human food at 20, 20, 4
µg/kg, respectively (Wu, 2004 and Chao et al., 2011).
The worldwide accepted levels for AFB1 and total AFT (the sum of
AFB1, B2, G1, and G2) range from 1 to 20µg/kg and from 0 to 35µg/kg
respectively (FAO, 2004).
The National Agency for Drug and Food Control of the Republic of
Indonesia set the maximum allowable limit of AFB 1 and total aflatoxin in
peanut products to be 20µg/kg and 35µg/kg (Retnowati et al., 2005).
In an attempt to harmonize the current tolerances to aflatoxin that exist in
different countries, the working group on mycotoxins of the World Health
Organization (WHO) and Food Agricultural Organization (FAO) proposed
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maximum limits of 15µg/kg for total aflatoxins in raw peanuts based on a
sample size of 20kg.

2.8: Methods for detection of aflatoxins:
The development of a rapid, sensitive method for detection and
differentiation of potential aflatoxigenic species in foods is needed to estimate
any potential health risk associated (Valasek and Repe, 2005 and Maria et al.,
2010).
Current aflatoxin analysis is done by various methods including thinlayer chromatography (TLC), liquid chromatography (LC), high-performance
liquid chromatography (HPLC) and enzyme-linked immunosorbent assay
(ELISA) (Sarimehmetoglu et al., 2004 and Hasan et al., 2005).
ELISA was developed to detect moulds producing aflaoxins in maize
and peanuts by an antibody produced to extracellular antigen from Aspergillus
parasiticus.This antibody recognized species with phenotypic similarities to
Aspergillus parasiticus, A. flavus and the domesticated species of maize and
peanuts inoculated with 102 spores ml

-1

of Aspergillus parasiticus and

incubated at 15°C for 18 days or 21°C for 7 days were analyzed for mould
antigens and aflatoxin levels. At 15°C, mould antigens were detected by day 4
in maize where 0.16 ng/g of aflatoxin was detected by ELISA but not by thin
layer chromatography (TLC). Moulds antigens were detected in peanuts by day
4 before aflatoxin was found (Yong and Cousin, 2001).
Presence of Aflatoxin in peanuts and peanut products is important; hence
such products are prominent in international trade (FAO, 1993). Currently, a
viable plate count method for detecting mould contamination is used to
determine the mycological quality of foods and agricultural commodities
(Liewen and Bullerman, 1992). A high mould count indicates the possibility of
aflatoxin contamination. The Food and Drug Administration has developed
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action levels of 20 µg/kg for aflatoxins to remove highly contaminated foods
and feeds from the market place, hence mycotoxins have diverse chemical
structure (Yong and Cousin, 2001).

2.9: Effects of moisture contents and temperature on the
deterioration of peanut:
High moisture and temperature are two main factors that cause the
occurrence of mycotosins at pre-harvest and post harvest stages (Aycicck et al.,
2005 and Loh et al., 2010).
The causative agents usually grow on food and feed grains at moisture
level of 15% or greater in the presence of warm temperatures 21°C- 37°C
(Allen, 2003). The toxin can be found in a variety of grains but most often
occurs in peanut and corn. Contamination can occur while the grain is standing
in the field, soon after harvesting and during storage before or after the grain is
processed into food or feed (Allen, 2003).
Synthesis of aflatoxins in feeds is reached at temperatures above 37°C
(80 f), humidity levels greater than 62%, and moisture levels in the feed above
14% (Nurcan et al., 2012)
Warm, humid conditions favor growth of the aspergills flavus fungus
resulting in severe ear rot, while hot, dry weather favors high aflatoxin
production. Breeding for resistance, or more accurately kernel and plant
characteristics that inhibit infection by Aspergillus ear rot and aflatoxin
production, is currently considered the most desirable means of controlling
aflatoxin production (Tingbo et al., 2011).
Unfortunately peanut, is a suitable substrate for fungal growth and aflatoxin
productions, Moreover, aflatoxins are the most significant problem regarding
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the quality of peanuts worldwide. It is estimated that 25% of the world's food
commodities are contaminated by mycotoxins each year (Magan et al., 2004).
Kamaika and Takyo in 2011reported that AFB1 in peanut samples collected in
both rainy and dry seasons had mean values of 205.70 µg/kg and 23.37 µg/kg,
respectively. Approximately 72% of the peanut samples were positive and 70%
of the samples were higher than the maximum limit prescribed by WHO at
15µg/kg for AFB1 (Papp et al., 2002).
A study by Maria et al., 2009, found that 95% of the positive samples
appeared to contain AFB1 above the European standard (2µg/kg) in peanuts
intended for direct human consumption, whereas all the positive samples
collected during the rainy season were found with an unacceptable
concentration AFB1 for human consumption.

Peanuts are harvested with

moisture contents between 18-25% and subsequently dried (9-11%).
Sometimes the process is inefficient and environmental conditions cause rapid
aflatoxin production.
Wet and humid areas have been linked to higher levels of aflatoxin
producing fungi (Udoh et al., 2000 and Kaaya et al., 2006). The tropical
country has a high ambient temperature i.e. between 23 and 33 °C and high
humidity i.e. between 55 and 95% throughout the year, which makes food
conducive to spoilage. In this environment most of food spoilage microbes
such as spore-forming moulds will grow very well (Hilmy et al., 1995).
Cole et al., (1981) suggested that even after kernel infected by fungi A.
flavus or A. parasiticus , aflatoxin production does not occur into kernel until
the natural resistance mechanism of plant broke down as a result of
environmental (Water deficit and elevated temperature ) stress. Under adequate
moisture conditions invasion of the fungus elicits phytotoxin production by the
plant, which inhibits fungal growth and precludes subsequent aflatoxin
contamination. When peanuts are subjected to drought stress however, two
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factors are directly affected. Firstly, soil temperatures rise as the peanut canopy
recedes and secondly, kernel water activity decreases as a result of reducing the
plant water status in drying soil. Reduction in water activity results in reduction
in phytoalexin production, creating favorable conditions for growth of A. flavus
and aflatoxin production (Arunyanark et al., 2009).
Recent study entitled "Identification of seed proteins associated with
resistance to pre-harvested aflatoxin contamination in peanut" by Tong et al.,
2010 concluded that, the active water of seeds is the most important factor
controlling the capacity of seeds to produce phytoalexins.
Aflatoxin B1 levels increased from the dry season to the rainy season with
values ranging from 1.5 to 390 and 12 to 937 µg/kg, respectively. It was
reported that 70% of the peanut samples from both seasons exceeded the
maximum limit of 15µg/kg prescribed by the World Health Organization
(WHO) (Kamika and Takyo, 2011).
A previous study in India in 1997 by Bhat et al., concluded that,
aflatoxins have become the most prevalent mycotoxin due to their economic
and health significance.
Kinetics is the study of rates of chemical processes, which reflects the
relationship of time, temperature, and conversion rate of a process (Chao et al.,
2011). In previous studies, the conversion of aflatoxin B1 had been evaluated in
rice during the cooking and pressure steaming treatments (Castells et al., 2006;
Park and Kim, 2006 and Hussain, 2009), wheat during the washing and heating
treatments, and peanut during the roasting and heating treatments. However,
those studies paid more attention to the effect of the time or temperature on the
conversion degree of aflatoxin B1, and neglected to plot a kinetic model of the
aflatoxin B1 conversion during the thermal treatment to our knowledge (Chao
et al., 2011).
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Optimum conditions for aflatoxin production are temperature between 25
to 35°C and 85% and relative humidity above 85% in the atmosphere (Simone,
1990). Poor storage conditions where such conditions could prevail kernels and
seed to become damp and easily contaminated by fungi. Water stress during
maturity combined with insect damage helps fungi in inciting infection leading
to aflatoxin production in the field. Aflatoxins cause serious economic loss to
the worlds agricultural production every year. The importers of groundnuts
everywhere are becoming increasingly concerned about the presence of
aflatoxin. It appears that the low occurrence of A. flavus in samples is
attributable to harvesting and drying the unwashed nuts to a moisture level well
below the critical moisture level of 7% at which mould growth is inhibited.
Also, some investigators found that the rain land groundnut samples had a
higher incidence of kernel contamination than those from the irrigated areas
(Simone, 1990).
Experiments were conducted to evaluate the effects of relative humidity
(r.h.; 75%, 80%, 85%, 97%) and temperature (10, 13, 15, 25, 30 °C) on
aflatoxin production in previously dried (3.5% moisture content; m.c.) Brazil
nuts (Arrus et al., 2004). Total aflatoxin (B1+B2+G1+G2+M1) was analyzed
using an immunoassay technique while the presence of aflatoxin was
confirmed using thin-layer chromatography. Maximum concentrations of total
aflatoxin and B1 were detected in nuts stored at 97% r.h. and at temperatures of
25-30 OC. Shelled half-nuts contained the highest total aflatoxin (6817 ng/g)
and B1 (4483 ng/g) aflatoxin. WIS nuts contained the least total aflatoxin and
B1 toxin with maximum concentrations of 93 and 49 ng/g, respectively.
Aflatoxin was not detected (detection limit of 1.75ng/g) in nuts maintained at
either 10 °C (97% r.h.) or at 30 °C (75% r.h.) for up to 60 days. Maximal
moisture contents (%) and water activity values (аѡ) for nuts stored at these
conditions were 4.5 and 0.78, and 9.14 and 0.92, respectively. Results of this
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study indicate that the limiting moisture content and (аѡ) values required to
control aflatoxin production (<4 ng/g) in SW and WIS stored at 30 °C for up to
60 days are 4.5, 0.68, 5.0, and 0.75, respectively. Overall, increasing the
relative humidity and temperature during storage resulted in an increase in
aflatoxin and these were shown to be the most significant variables influencing
toxin production in Brazil nuts.

The optimum temperature for production of aflatoxins B1 on peanuts was
28 °C. This may explain why aflatoxins are primarily a problem in tropical
agricultural products (Simone, 1990).
Previous study indicated that Aspergillus flavus grew at 5oC, but did not
produce any aflatoxin. At 15 °C, the mould grew and toxins were produced at
amount 28 mg/kg of aflatoxins in a sucrose containing medium. Aflatoxin B1is
heat stable, but could be destructed at 175-185 °C in the presence of 20%H2O
and 2-2,5%NH3 (Simone, 1990)
Several environmental factors are known to influence aflatoxin
production, but temperature and relative humidity (r.h.) are considered to be the
most critical. Studies performed on hazelnuts and pistachios suggested that
optimum temperature and relative humidity for aflatoxin production is 25-30 °C
and 97-99%, respectively (Arrus et al., 2004).
Previous study found that the effect of temperature and relative humidity
on the production of aflatoxin in peanuts. Moreover, this study found visible
growth and aflatoxin production by A. flavus. Aflatoxin decreased as r.h.
decreased from 99% to 92% or to 86%. Lowering the temperature resulted in a
decrease of aflatoxin content (Simone, 1990).
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Additional factors such as water activity, moisture, storage time, and
presence of a shell, also influence fungal growth and aflatoxin production
(Arrus et al., 2004).
Saleemullah et al., 2006 concluded that the aflatoxin contents in the
tested samples of cereals and nuts are dependent on storage condition and
duration. The higher the humidity the faster is the Aspergillus growth and the
higher the toxins production. They suggested that food commodities must be
handled with care and prolonged storage must be avoided. If prolonged storage
is required for certain foodstuffs, then MAP (Modified Atmosphere Packaging)
or vacuum-packaging should be practiced at low temperature; also,
consumption of infected food should be discouraged. Aflatoxin contamination
of different stored and processed foods should be monitored to ensure food
safety. Governments must fix a legislative limit for aflatoxin in various foods
and their products. Further work should be carried out on mycotoxins in
various foods/feeds to check health problems for humans and animals.

2.10: Destruction and prevention of aflatoxin produced in peanut:
Many studies have evaluated the use of chemicals for the detoxification
and decontamination of contaminated raw materials by destroying or modifying
mycotoxins to reduce or eliminate to toxic effect (European awareness
network).
Detoxification can be accomplished by changing the structure of the
Aflatoxin molecule. As shown in Figure 2.2, the lactone ring is most
susceptible to attack chemical agents. Opening lactone ring reduces the toxicity
of the Aflatoxin molecule (Hameed, 1993)
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Autoclaving of moist ground nut meal for 4 hours at 120 °C reduced the
amount of aflatoxin from 7000 to 350 µg/kg with a confirmed corresponding
decreases in toxicity. The same study reported that the moisture is necessary for
thermal degradation of aflatoxin B1 (I) to form a substituted O-coumaric acid
(II). This led to more drastic change, for example, decarboxylation of the acid
might occur (III) as shown in (Figure 2) (Shalaby, 1984.)

Figure 2.2: Degredation of aflatoxin compound
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Roze et al. (2004) developed a novel flow-through system to monitor the
effects of ethylene on aflatoxin biosynthesis by A. parasiticus grown on a
defined solid culture medium (GMS). Ethylene treatment reduced aflatoxin
accumulation in a dose-dependent manner; the greatest reduction (10-fold) was
observed when the fungus was treated with 146 ppm ethylene. CO2 at 0.1%
also reduced aflatoxin accumulation (about 5-fold); adding more CO2 (0.7% or
3.0%) reversed the inhibitory effect. Treatment with CO 2 and ethylene resulted
in an additive inhibitory effect.
Other study carried out by Shalaby (1984) showed that there was an
average reduction of about 80% in aflatoxin B1 and about 60% in aflatoxin B2
after dry roasting the peanut kernel for 30 min. at 150 OC. The same study
showed the elimination of aflatoxin by various treatments and reported that
destruction of aflatoxin in food was significantly increased by heat at the same
PH levels. He also reported the treatment of the food with 1, 5, and 10% NaOH
or NH3 at 20 °C for 30 min. completely eliminated aflatoxin but only 40-80%
were eliminated by treatment with 1, 5, 10% acetic, hydrochloric or sulphuric
acid. The study added that aflatoxin were completely eliminated by treatment
with bile acid at 37 °C, 75% eliminated by artificial gastric juice at 37 °C, and
39-55% eliminated by boiling at 100 °C for 30 min. in salt medium of 0, 5, 10
and 20% concentration.
Previous study reported that low concentrations (0-1200 ppm) of two
chloroethyl phosphonic acid (CEPA) stimulated fungal growth and drastically
reduced aflatoxin biosynthesis in A. parasiticus in laboratory culture (Gunterus
et al., 2007). CEPA concentrations at 1400-1600 ppm reduced both fungal
growth and aflatoxin biosynthesis while CEPA at 3200 ppm eliminated
aflatoxin accumulation in either stationary or shake cultures of A. parasiticus
(Gunterus et al., 2007).
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Ozone was effective in controlling total fungi and potentially
aflatoxigenic species in peanuts, with a reduction in colony–forming units per
gram greater than 3 log cycles at the concentration of 21 mg/L after 96 h of
exposure. A reduction in the percentage of peanuts with internal fungal
populations was also observed, particularly after exposure to ozone at 21 mg
/L. A reduction in the concentrations of total aflatoxin and aflatoxin B1 of
approximately 30 and 25%respectively was observed for kernels exposure to
ozone at 21 mg/L for 96h. It was concluded that ozone is an important
alternative for peanut detoxification because it is effective in controlling
potentially aflatoxigenic fungi and acts in the reduction of aflatoxin levels in
kernels (de De Alencar et al., 2011)
Spray of methyleugenol (0.5%) on peanut pods and kernels checked the
colonization of A.flavus and aflatoxin synthesis. This chemical can be used as
both prophylactic or post infections spray on peanut pods before storage. It is
the first report on the inhibition of A. flavus by methyleugenol on peanut
(Sudhakar et al., 2009)
In Thailand, a study conducted by Dusanee et al.,1992, concluded that
treatment corn contaminated with aflatoxin by 0.5, 1.0, and 1.5% ammonium
hydroxide made inhibition the production of Aflatoxin. Another study
concluded that 5% ammonia reduced aflatoxin concentration from 3138 to 346
after 5 days at 22 °C or 25 ppb at 50 °C (Shalaby, 1984). Treatment with
ammonia for destruction of Aflatoxin have been successfully completed
(Hameed, 1993).

In Thailand, a study conducted by Dusanee et al., 1992, concluded that
Ammonium hydroxide have a similar effect to sodium chloride. The
concentration of 1.5% ammonium hydroxide could reduce Aflatoxin formation
at 7 days, In addition, the effects of various concentration of NaCl on Aflatoxin
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production of Aspergillus flavus in corn. At day seven, 80 and 120 mg/g of
sodium chloride was found to inhibit growth of Aspergillus flavus and
production of Aflatoxin (Dusanee et al., 1992).
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3. Materials and Methods
3.1: Sample collection:
One hundred seventy nine samples of peanuts and peanuts products (each 500
gm) were collected from the markets in Gaza Strip from February to July,
2013. The kind of peanuts and peanuts products contained Egyptian, Indian,
Chinese and unknown peanut with red skin were 33, 24, 11, and 10 samples
respectively, also number of the samples contained Chinese, Indian and
unknown grinding peanuts were 5, 5 and 4 samples respectively. In addition,
the samples contained roasted without shell, with shell, Chinese blanch peanut,
kapoki, zalat, sweet peanut and peanut butter and number were 11, 5, 24, 13,
20, 9 and 5 samples respectively. Each sample was put in a plastic bag and kept
in the laboratory refrigerator with temperature adjusted between 4 to 8 ºC until
both mycological and aflatoxin analysis were taken place. Each sample was
placed in a separate clean sterile plastic bag . Samples were transported to the
lab. after collection in an ice box and tested upon arrival. All tests were carried
out at MOH (Public health Lab for food and water, Gaza-Palestine).

3.2: Microbiological Analysis
3.2.1: Sample preparation:
Samples were prepared according to the technique recommended by the
International Commission on Microbiological Specification of Food (ICMSF,
1996) as follows: Twenty five gram of each sample were taken a aseptically by
scalpel excision and placed in a sterile stomacher bag containing 225 ml of
peptone water (0.1%). The samples were homogenized a high speed with the
peptone water for 2-3 minutes, to provide a 10-1 dilute homogenate. Serial
decimal dilution (up to 10-5) were prepared from this homogenate for the
bacteriological examination.
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3.3: Materials:
3.3.1 Peanuts and its products:
Raw peanuts with shell, raw peanuts without shell, roasted peanuts, kapoki,
zalat, sweet peanut and peanut butter where used in this study.
3.3.2 Media used for isolation and cultivation of Aflatoxigenic Aspergillus:
All the media used in the present investigation were prepared as described in
the Hi Media manual (1998). The media used through the study for the growth,
detection and differentiation of moulds were as follows
1- Rose Bengal chloramphenicol Agar M842/M640
2- Dextrose potatoes agar.
3- Peptone water
4- Sabourauds Dextrose agar (SDA) M063
3.3.2.1: Rose Bengal chloramphenicol Agar M842/M640 Medium (gm/L)
Ingredients

M842

M640

Mycological peptone

-

5.00

Papaic digest of soya bean meal 5.00

-

Dextrose

10.00 10.00

Monopotassium phosphate

1.00

1.00

Magnesium sulphate

0.5

0.5

Rose Bengal

0.5

0.5

Chloroamphinicol

-

0.1

Agar

15.00 15.00

Final PH (at 25°C) 7.2±0.2. Formula adjusted, standardized to suit performance
parameters (Hi media Manual, 1998)
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3.3.2.2: Composition Potato Dextrose Agar (PDA) gm/L: (FDA, 1995)
M938
Ingredients
M
M
M
096

096

403

Potatoes infusion

200.00

300.00

200.00

200.00

Dextrose

20.00

20.00

20.00

20.00

Rose Bengal

-

-

-

0.0084

Agar

15.00

15.00

-

15.00

Final PH(at 25oC)

5.6±0.2

5.6±0.2

5.1±0.2

5.6±0.2

3.3.2.3: Composition of Peptone Water gm/L:
M028
Ingredients

M028

Peptonic Digest Animal Tissue

10.00

10.00

Sodium chloride

5.00

5.00

Phenol red

-

0.02

Agar

15.00

15.00

Final PH(at 25oC)
Formula adjusted, standardized to suit performance parameters (Hi Media
Manual, 1998).
3.3.2.4: Composition of Sabourauds Dextrose agar (SDA) M063:
Ingredients
M063
Dextrose
40.000
Mycological, peptone
10.000
Agar
15.000
o
Final PH(at 25 C)
All media were sterilized by autoclaving at 121 °C for 20 minutes.
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3.4: cultivation and Isolation of aflatoxigenic Aspergillus:
Peanuts were examined for the presence of aflatoxigenic aspergillus on special
medium.
Mycological examination and Isolation of aflatoxigenic Aspergillus from
peanut and peanut butter samples using agar plate method, to determine the
number and genus of the fungi present
3.4.1: Microbiological Tests: Enumeration of Yeasts and Moulds
According to National Food Safety Standard of China in 2010
Equipment and Material
1.

Refrigerator: 2°C-5°C

2.

Thermostatic incubator: 28 °C ±1°C

3.

Homogenizer

4.

Constant temperature Oscillator

5.

Microscope: 10 × - 100 ×

6.

Electronic balance: sensitivity accurate to 0.1g

7.

Aseptic conical flask: 500mL, 250Ml

8.

Aseptic wide neck flask: 500Ml

9.

Aseptic pipette: 1 mL (calibration 0.01mL), 10mL (with calibration 0.1 mL)

10.

Aseptic flat plate: diameter 90mm

11.

Aseptic test tube, 10mm x 75mm

12.

Aseptic kraft paper bag and plastic bag
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3.4.1.3: Inspection Procedure: Figure 3.1 illustrates the inspection of the
procedure
Test samples

25g sample + 225mL distilled water,
homogenization
10 times dilution
pick up 2-3 appropriate dilutions

1 ml of the diluted samples were spread on the surface of Rose Bengal and PDA

25℃~28℃
5d
Colony count

Report

Figure 3.1: Inspection procedure on yeasts and moulds counts

3.4.2: Operation Steps
3.4.2.1:Dilution of samples
25g of sample were put into narrow neck flask which containing 225mL sterile
distilled water, shaking to get the 1:10 dilution. Pipeted 1mL of this 1:10
dilution into a test tube contains 9mL of sterile distilled water, use another
1mL aseptic pipette to repeat pipettings until getting a 1:100 dilution. To
prepare series of 10x dilution. Replace aseptic pipette each time when the
next dilution is made. According to the level of contamination of the samples
additional dilutions were conducted, pipet 1mL sample solution per every
dilution and put solution into a sterilized flat plate. Meanwhile, pipet 1mL
sample solution and put solution into a sterilized flat plate as blank control.
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3.4.2.2: Incubation
Incubated 5 days at 28°C±1°C. Observe and take record.
3.4.2.3: Colony count
* Visualizing or use magnifier if necessary, take record of the yeasts and
moulds corresponding to the different dilution ratio (Expressed as CFU
(colony forming units).
* Plate with counts between 10CFU – 150 CFU, count the yeasts and moulds
respectively according to their appearance. Record as TNTC (Too Numerous
To Count) if the moulds covered the whole plate. Two Average plate counts
should be adapted for colony count.

3.5: Diagnostic of Aflatoxigenic Aspergillus:
The researcher immerse the peanut sample in KOH solution with
concentration 10% for 1-2 minutes to avoid any contamination in the
surface of sample. Then, the researcher put the sample on filter paper to
avoid any trace of KOH solution. After that, the sample is wash with sterile
distilled water. Used Sabourauds Dextrose agar (SDA) to cultivate the
mould .
Incubate the sample at 25 ºC for 4 days.
Occurance and appearance = Appearance for one type x 100
Total of sample
To test the ability of the fungi to produce aflatoxin , the isolates were
cultured on Potatoes Dextrose Agar (PDA) to know the effects of cultivation
media to produce aflatoxin, after 7 days of incubation at 25°C (colony
diameter about 9mm) the culture were expose to ammonia vapor (Talal
Saleh et al., 2009).
To diagnose the toxin of aflatoxin, We used Ammonia solution (25%), then
incubate at 25 °C and monitor it after next day .
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 If the color of base of colony change to pink or yellowish orange color,
this mean that this mould capable to produce aflatoxin and if not change
in the color that mean no capability to produce toxin (Talal Saleh et al.,
2009).

3.6: Analytical Methods:
3.6.1: Determinant of moisture contents:1. Moisture content was determined under vacuum by using vacuum oven
at 105 °C where about 5 gm of peanuts and peanuts products samples
were put in aluminium cup and placed in the oven until constant weight
was reached according to the methods described in A.O.A.C (1980).
3.6.2 Extraction of Aflatoxins
3.6.2. Methods to detect aflatoxin by Elisa Kit
Principle of the assay
A total aflatoxin B1, B2, G1 and G2 in peanuts and peanuts products were
determined by total aflatoxin Elisa Kit (EuroClone, Italy- Code: EEM002096) .
The assay is performed in Elisa microwell plate, which has been precoated with
goat anti-rabbit 1gG. Standard or sample, aflatoxin B1-enzyme conjugate and
rabbit anti-aflatoxin antibodies are added into the microwell. During
incubation, anti-aflatoxin antibodies are bound by the immobilized IgG; free
and aflatoxin B1-enzyme conjugate compete for anti-aflatoxin antibody binding
sites. After allowing this reaction to proceed, the unbound material is removed
in a washing step. The bound enzyme activity is determined by adding a fixed
amount of chromogenic substrate. Bound enzyme conjugate converts the
colorless substrate into a blue product. The substrate reaction is stopped by the
addiction of sulphuric acid, which leads to a color change from blue to yellow.
Absorbance is then measured spectrophotometrically (450 nm) and colour
intensity results are inversely proportional to the original total Aflatoxin
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concentration in the sample. Sample concentrations are then calculated on the
basis of a calibration curve derived from standards of known Total Aflatoxin
concentration.

Preparation of working solution
Working solution consists of total aflatoxin standard solutions, anti-aflatoxin
antibody and aflatoxin B1-enzyme conjugate: ready-to-use. Washing Buffer:
dilute the Washing Buffer 10x Concentrate 1:10 using distilled water (i.e.
1ml + 9ml). Concentrate salt solution may form precipitates when stored at
2-8°C. This is not affecting performance of the reagent. In case of
precipitates, bring the buffer to room temperature and mix well to bring salts
back into solution. Prepare only the amount required and discard left
washing buffer diluted at the end of the assay. The working solution also
consist of 33% Methanol Solution: dilute 1:3 using deionized water (i.e.
30ml + 60ml) to prepare the sample extraction solution. Chromogen
Solution: ready-to-use. Chromogen and substrate solution are light sensitive,
therefore, avoid exposure to direct light. Finally, stop Solution: ready-to-use,
Contains sulphuric acid: handle with care and in case of contact, wash
thoroughly with tap water.
Sample preparation
10 g of sample and add 50ml of 33% Methanol Solution were balanced, then
vortex for 2 minutes. The mixture were then let to settle for 15 minutes at room
temperature. After that, the extracts were filtered through a Whatman No1 filter
paper. Then supernatant was diluted with 33% Methanol Solution (i.e. 1ml +
1ml)and test the sample.
6- Immunoassay procedure
7.a- Implementation
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The researcher placed 200µl of distilled water into the Blank wells. Placed 50µl
of distilled water into the Maximum Binding wells, then the researcher put 50µl
of each standard into the standard wells. Placed 50µl of each sample into the
sample wells. Added 50µl of Enzyme Conjugate to each well except the Blank
wells. After that, add 100µl of anti-Aflatoxin Antibody to each well except the
blank wells.
Mix gently by rocking the plate manually, and incubate 20 minutes at room
temperature (20-25 ºC), preferably away from direct light. The researcher Pour
the liquid out of the wells and tap the microwell holder upside down against
absorbent laboratory paper to ensure complete liquid removal.
7.b- Washing sequence
Fill completely all the wells with diluted washing buffer (approx.300
µl/well),empty wells by inverting the plate, repeat the washing step 4 times (for
a total of 5 times).finally, tap vigorously the microwell holder upside down
against absorbent laboratory paper to ensure complete liquid removal.
7.c Development
The researcher used the multichannel micropipette, add 200µl of chromogen
solution to each well, including the blank wells, then incubated 20 minutes at
room temperature, in the dark. After that added 50 µl/well stop solution. Color
turns from blue to yellow. Then mixed gently by rocking the plate manually.

7d-Reading
Well absorbance is measured using a microplate reader equipped (RaytoMicroplate Reader, Model:RT-2100C, China) with a 450 nm filter and blanked
against air.
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3.7 Detoxification of aflatoxin by different methods
1. Detoxification by sodium chloride (NaCl):
In this method, the researcher used sodium chloride powdered to spread it over
the peanut sample (known concentration). The researcher used three different
aflatoxin concentration level, each of sample contain 20g of peanut. After that,
we added different concentration of NaCl 0.8, 1.6 and 2.4g (4, 8, and 12%
NaCl) to the samples and put all of it into incubator for 7 days after shaking to
spread the salt over the surface of peanut contaminated by known aflatoxin.
After that, we analyze the aflatoxin concentration to know the level of
reduction of aflatoxin concentration (Dusanee et al., 1992). To assess the effect
of NaCl

on aflatoxin in peanuts, three different levels of aflatoxin

concentration (20, 25 and 30 µg/kg) were used.

2. Detoxification by Ultra Violet light (UV):
The researcher used three different known contaminated samples with aflatoxin
(20, 25 and 30 µg/kg), each of sample contain 200g, then put one by one of
samples in UV apparatus at wave length (362nm), aflatoxin B 1 absorbs ultra
violet radiation at 362nm and activation of B 1 by irradiation at wave length
362nm amplifies its inclination to degradation. After that, 20g of each sample
were taken at one hour interval and analyze the aflatoxin concentration until
reach the maximum degradation (Farhat et al., 2012).

3. Detoxification by Ammonium Hydroxide (NH4OH):
In this method, the researcher used 3 different samples of contaminated peanut
with aflatoxin, and prepare 3 different solution of ammonium hydroxide (0.5,
1.0, and 1.5%). After 7 days of incubation, we re-analyze the aflatoxin
concentration after incubated with ammonium hydroxide (Dusanee et al., 1992;
Hameed 1993)

4. Detoxification by Hydrogen Peroxide (H2O2):
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In this method, hydrogen peroxide was based as a method for detoxification of
aflatoxin in peanut. A three different concentration of H2O2 were used (0, 1.0,
and 5.0%) for detoxification of known concentration of aflatoxin contaminated
peanut. All samples selected heated at 80 degree for 0.5 hour at PH 9.5(Shina
1998)

3.8: Data analysis:
Data were analyzed by using SPSS (Statistical Package for Social Sciences)
version 17, statistical analysis include descriptive, qi square, ANOVA and
correlation tests.
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4. Results
In this chapter, the researcher is going to present the main study
findings in three parts.
which

provides

a

The first part explains the percent distribution,
description

of

the

data

including

aflatoxin

concentration levels in different types of peanuts and its products,
Aspergillus toxic growth, and yeast growth among the peanut samples.
The second part demonstrates the relationships between the variables
that

illustrate

the

different

statistical

significant

between

different

variables. The last part illustrates the treatment measures of Aflatoxin
contamination by different methods as shown later in this study.

4.1 General characteristics of the study sample
Table 4.1 shows the aflatoxin concentration of different peanuts and peanuts
products. It was found that unknown grinding peanuts demonstrate the highest
amount of aflatoxin (123µg/kg) with mean 70.87µg/kg, on the other hand the
concentration of Aflatoxin of Indian peanuts with red skin (PRS) was the
lowest (12.4µg/kg) with mean 4.13µg/kg (SD =7.159). The maximum
concentration level of Aflatoxin in Egyptian peanut with red skin (n= 33) was
22µg/kg (mean =2.4739, SD =5.772).
Table 4.1: Descriptive statistics for raw peanuts according to the origin
Aflatoxin concentration
Egyptian (PRS)
Chinese (PRS)
Chinese Blanch peanuts
Indian (PRS)
Indian Grinding peanuts
Unknown (PRS)
Unknown Grinding peanuts

No.
Minimum Maximum Mean
(Samples) (µg/kg)
(µg/kg) (µg/kg)
33
ND
22.00
2.4739
7
ND
29.7
4.243
9
ND
65
10.59
3
ND
12.4
4.133
6
19
27
22.83
3
3.0
71.0
27.133
4
18.5
123.0
70.875
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SD
5.77
11.22
21.96
7.15
2.85
38.05
42.67

Table 4.2 indicates that 127 (70.9%) samples of peanuts and peanuts products
and out of total samples 179 (100%) were free of Aflatoxin, while 52 (29.1%)
samples were contaminated with Aflatoxin.
Table 4.2: Descriptive frequency of free and contaminated Aflatoxin samples
Variables
Frequency Percent
Free of Aflatoxin

127

70.9

Contaminated with Aflatoxin

52

29.1

Total

179

100.0

Table 4.3 illustrates that (179 samples were analyzed by Eliza) aflatoxin
concentration in 153 (85.5%) samples are equal or less than 15 µg/kg according
to world standard and Palestinian standard of aflatoxin limits (Codex, 200;
Annex 1), whereas 26 (14.5%) samples shows that aflatoxin concentration is
higher than the limit of standard level of concentration.
Table 4.3: Descriptive frequency of Aflatoxin conc. levels with cut-off point 15 µg/kg
Aflatoxin Conc. Levels

Frequency

Percent

≤15 µg/kg

153

85.5

> 15 µg/kg

26

14.5

Total

179

100.0

Table 4.4: illustrates that count of growth of moulds, yeast and Aspergillus in
the samples. The table shows that 41.3% of samples had mould count ≤200
CFU/g, and 71.5% had yeast count ≤200 CFU/g
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Table 4.4: Counts of moulds, yeasts, Aspergillus and Aspergillus toxic in the samples
≤200 CFU/g

>200 CFU/g

No.(%)

No. (%)

Moulds

74(41.3)

105(58.7)

Yeast

128(71.5)

51(28.5)

Aspergillus

94(52.5)

85(47.5)

Aspergillus Toxic

152(84.9)

27(15.1)

Count

Table 4.5 illustrates that the description of all kind of the study samples
according to their aflatoxin concentrations. In addition, the percentage of
sample contaminated with more than 14.5%. Moreover, the concentration of
aflatoxin level of peanut butter were less than 15 µg/kg in this type of samples,
and the range of concentration between non-detected to 1µg/kg.
Table 4.5: Descriptive analysis of aflatoxin conc. of all kinds of peanuts samples
Aflatoxin concentration
Kinds of peanuts samples

≤15 µg/kg

>15 µg/kg

No.

%

No.

%

Egyptian peanut with red skin (PRS)

31

20.3

2

7.7

Chinese peanut with red skin (PRS)

23

15

1

3.8

Indian peanut with red skin (PRS)

11

7.2

0

0

Unknown peanut with red skin (PRS)

9

5.9

1

3.8

Chinese peanut Grinding

4

2.6

1

3.8

Indian peanut Grinding

0

0

5

19.2

Unknown peanut Grinding

0

0

4

15.4

Roasted peanut with red skin

8

5.2

3

11.5

Roasted peanut with shell

5

3.3

0

0

Chinese peanut Blanch

23

15

1

3.8

Zalat

14

9.2

6

23.1

Kapoki

13

8.5

0

0

Sweet peanut

7

4.6

2

7.7

Peanut butter

5

3.3

0

0

153

85.47

26

14.53

TOTAL 179 (100%)
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In table 4.6 illustrates the count of moulds, yeast, Aspergillus and toxigenic
Aspergillus of all kinds of the study samples. The count distinguish between the
counting more than 200 CFU/g and less or equal than 200 CFU/g.
Table 4.6: Count of Moulds, Yeast, Aspergillus and Aspergillus Toxic in all kinds of
peanuts study samples
Moulds

Yeast

Aspergillus

Asp. Toxic

≤200
>200
≤200
>200
≤200
>200
≤200
>200
CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g CFU/g

Kinds of peanuts
samples

No.

No.

No.

No.

No.

No.

No.

No.

0

33

10

23

1

32

25

8

7

17

18

6

12

12

20

4

3

8

9

2

3

8

9

2

1

9

8

2

2

8

1

9

Chinese peanut Grinding

1

4

1

4

2

3

4

1

Indian peanut Grinding

0

5

5

0

0

5

0

5

Unknown

peanut

0

4

4

0

0

4

0

4

Roasted peanut with red

8

3

11

0

11

0

11

0

4

1

5

0

5

0

5

0

Chinese peanut Blanch

3

21

16

8

11

13

22

2

Zalat

20

0

18

2

20

0

20

0

Kapoki

13

0

11

2

13

0

13

0

Sweet peanut

9

0

7

2

9

0

9

0

Peanut butter

5

0

5

0

5

0

5

0

Egyptian peanut with red
skin (PRS)
Chinese peanut with red
skin (PRS)
Indian peanut with red
skin (PRS)
Unknown peanut with
red skin

Grinding

skin
Roasted

peanut

with

shell
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The microbiological examination of peanut samples (table 4.7) indicated that
136(76%) samples were free of Aspergillus toxic, whereas the rest of the
samples 43(24%) were contaminated Aspergillus.
Tables 4.7: Descriptive frequency of Aspergillus toxin in peanuts and its products
Toxic Aspergillus

Frequency

Percent

Free of Toxic Aspergillus

136

76.0

Contaminated with Toxic Aspergillus

43

24.0

Total

179

100.0

Table 4.8 indicates that the samples that experienced yeast grown in peanuts
and its products were 52(29.1%) samples, whereas the other 127 (70.9%)
samples have no yeast grown according to the microbiological tests.
Table 4.8: Descriptive frequency of yeast growth in peanuts and its products samples
Yeast growth

Frequency Percent

Negative Yeast growth

127

70.9

Positive Yeast growth

52

29.1

Total

179

100.0

Figure 4.1: Aspergillus toxic growth appear in pink and yellow color on PDA Petri dish
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Figure 4.1 shows that some moulds of Aspergillus toxic growth of peanuts
samples in PDA medium in microbiological laboratory.

4.2 Relationship between peanuts and other variables
As shown in (table 4.9), qi square test illustrated there was relatively a
statistical significant 70 relationship between aflatoxin concentration and
peanuts with or without red skin. Approximately a quarter (25.2%) of peanuts
with red skin were contaminated with aflatoxin, whereas (38.5%) of peanuts
without red skin were found contaminated with aflatoxin.
Table 4.9: Relationships between aflatoxin conc. and peanuts with or without red skin
Peanuts
Variable

With Red Skin

Without Red Skin

Total

No. (%)

No. (%)

No. (%)

Free

95 (74.8)

32 (61.5)

127 (70.9)

Not free

32 (25.2)

20 (38.5)

52 (29.1)

127 (100.0)

52 (100)

179 (100)

P-Value

Aflatoxin
Total

0.07

Table 4.10 shows that, there was no statistical significant difference between
Aflatoxin concentration between roasted and unroasted peanuts. About one
third (33.3%) of roasted peanut is contaminated with aflatoxin, while 26.7% of
unroasted peanuts also is contaminated with aflatoxin.
Table 4.10: Relationship between Aflatoxin conc. and roasted or unroasted peanuts
Peanuts
P-Value
Variable
Roasted
Unroasted
Total
No. (%)
No. (%)
No. (%)
42 (66.7)
85 (73.3)
127 (70.9)
Free
Aflatoxin
21 (33.3)
31 (26.7)
52 (29.1)
0.35
Not free
Total
63 (100)
116 (100)
179 (100)
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Table 4.11 indicates that there was a statistical significant differences between
Aspergillus toxic growth of peanut samples with or without red skin (P-value =
0.03). About fifth (19.7%) of peanuts with red skin have toxic Aspergillus
growth and more than third (34.6%) of peanut samples without red skin also
has Aspergillus toxic growth.
Table 4.11: Relationship between Aflatoxigenic growth of peanuts with or without red
skin
Peanuts
Without red

Variable

With Red skin
No.

(%)

skin
No.

(%)

P-Value
Total
No.

(%)

Aflatoxigenic

Negative

102 (80.3)

34 (65.4)

136 (76)

Aspergillus

Positive

25 (19.7)

18 (34.6)

43 (24)

127(100)

52 (100)

179 (100)

Total

0.03

Table 4.12 illustrates that there was a statistical significant difference between
level of contamination with Aflatoxigenic Aspergillus and yeast growth in the
same samples. Moreover, about fifth of sample (19.7%) contaminated with
Aflatoxigenic Aspergillus did not show yeast growth. On the other hand, nearly
two third of the sample (65.4%) that shown yeast growth did not have
Aflatoxigenic Aspergillus count.
Table 4.12: Relationship between Aflatoxigenic growth and yeast growth of peanuts
Yeast growth
Variable

Negative

Positive

Total

No. (%)

No. (%)

No. (%)

Aflatoxigenic

Negative

102 (80.3)

34 (65.4)

136 (76)

Aspergillus

Positive

25 (19.7)

18 (34.6)

43 (24)

127(100)

52 (100)

179 (100)

Total
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P-Value

0.03

Table 4.13 illustrates the test of qi square and shows that 98.4% of roasted
peanuts did not have Aflatoxigenic Aspergillus growth with microbiological
test whereas 36.2% of unroasted peanuts have Aflatoxigenic Aspergillus
growth. A statistical significant difference (P-value= 0.000) was found between
Aspergillus with roasted and unroasted peanut.
Table 4.13: Relationship between Aflatoxigenic Aspergillus growth and roasted or
unroasted peanuts
Peanuts
Total
Variable

Roasted
No.

(%)

Unroasted
No.

No. (%)

(%)

Aflatoxigenic

Negative

62 (98.4)

74 (63.8)

136 (76)

Aspergillus

Positive

1(1.6)

42 (36.2)

43 (24)

63(100)

116 (100)

179 (100)

Total

P-Value

0.000

Table 4.14, it was found that there is a significant positive correlation between
aflatoxin concentration and Aflatoxigenic Aspergillus count (P-value < 0.05) in
the contaminated samples. This means that an increase in Aflatoxin
concentration accompany with an increase in Aflatoxigenic Aspergillus growth.
Table 4.14: Correlation relationship between Aflatoxin concentration and Aflatoxigenic
Aspergillus growth
Aflatoxin Conc Aflatoxigenic Aspergillus growth P-value
Aflatoxin Pearson
Conc.

0.173*

1

Correlation
0.020
N

179

179

*. Correlation is significant at the 0.05 level (2-tailed).

Table 4.15, Aflatoxin concentration shows a negative correlation with yeast
count, which means that an increase in yeast count leads to a decrease in
Aflatoxin concentration. However, this correlation between Aflatoxin
concentration and yeast was not a statistical significant (P-value > 0.05).
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Table 4.15: Correlation relationship between Aflatoxin conc. and yeast growth
Aflatoxin Conc.
Aflatoxin Conc.

Pearson Correlation

Yeast growth

1

N

P-value

-0.063

179

0.40

179

One way ANOVA test was done among grinded peanuts types which indicates
that there is a statistical significant relationship between groups (P-value=
0.027) as shown in (table 4.16 a,b). This relationship was found between
unknown grinding peanuts and Chinese grinding peanuts, whereas there is no a
statistical significant relationship between Indian and unknown or Indian and
Chinese peanuts types.
Table 4.16,a One way ANOVA TEST (Scheffe) Aflatoxin Conc
Sum of Squares
df
Mean Square
F
Between Groups

8237.902

2

4118.951

Within Groups

8888.188

11

808.017

17126.089

13

Total

5.098

Sig.
.027

Table 4.16,b One way ANOVA TEST (Scheffe) Aflatoxin Conc
95% Confidence Interval
Variable

Std. Error

Sig.

Lower Bound

Upper Bound

Chinese

Indian Grinding

17.9780

.859

-60.737

40.737

Grinding

unknown, Grinding

19.0685

.035

-111.689

-4.061

*. The mean difference is significant at the 0.05 level.

One way ANOVA test (Table 4.17a,b) illustrates the relationship between
different types of peanuts with red skin in term of Aflatoxin concentration.
ANOVA test (Scheffee test) indicates that there is no a statistical significant
relationship (P- value > 0.05) between all types of peanuts with red skin.
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Table 4.17,a One way ANOVA TEST (Scheffe) Aflatoxin Conc
Sum of Squares
df
Mean Square
F
Between Groups

375.782

3

125.261

Within Groups

6493.603

74

87.751

Total

6869.385

77

1.427

Sig.
0.242

Table 4.17,b One way ANOVA TEST (Scheffe) Aflatoxin Conc
95% Confidence Interval
Std.
Variable
Egyptian Red
Skin

Error

Sig.

Lower Bound Upper Bound

Chinese Red Skin

2.5131

0.970

-5.953

8.426

Indian Red Skin

3.2614

0.982

-7.984

10.677

Unknown Red Skin

3.3815

0.428

-15.340

4.008

According to the relationship between the moisture content in the study
samples and each of counting of moulds and the concentration of aflatoxin as
shown in tables 4.18 and 4.19, the tables shows that there were a statistical
correlation between the moisture content and high levels of aflatoxin and
moulds count, and p-value were (0.003 and 0.000). This mean that when the
moisture contents increased, the condition of the moulds to grow is very good
condition and leads the Aspergillus toxic to excrete the toxin.
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Table 4.18: Relationship between moisture content of peanuts samples and moulds
count
Moulds count
Moisture content %
Total
P-value
≤200 CFU/g >200 CFU/g
0.5
0.6
0.8
1.0
1.1
1.2
1.4
1.5
1.7
1.9
2.0
4.0
4.1
4.2
4.3
4.5
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.8
6.0
6.2
6.5

7
2
2
12
5
10
4
10
2
1
4
2
1
0
0
0
1
3
2
5
1
0
0
0
0
0
0
0
0
0

0
1
0
1
0
0
0
1
0
0
1
0
5
2
3
5
2
5
2
20
6
7
11
7
6
4
3
7
2
3
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7
3
2
13
5
10
4
11
2
1
5
2
6
2
3
5
3
8
4
25
7
7
11
7
6
4
3
7
2
3

0.000

Table 4.19: Relationship between moisture content of peanuts samples and aflatoxin conc.
Aflatoxin conc.(µg/kg)
Moisture content %
Total
P-value
≤ 15
> 15
0.5
5
2
7
0.6
2
0
2
0.8
3
0
3
1.0
11
2
13
1.1
3
2
5
1.2
10
0
10
1.4
3
1
4
1.5
8
3
11
1.7
2
0
2
1.9
1
0
1
2.0
4
1
5
4.0
2
0
2
4.1
6
0
6
4.2
2
0
2
4.3
3
0
3
0.003
4.5
4
1
5
4.7
4
0
4
4.8
7
1
8
4.9
4
0
4
5.0
24
1
25
5.1
7
0
7
5.2
7
0
7
5.3
10
1
11
5.4
7
0
7
5.5
6
0
6
5.6
2
2
4
5.8
0
3
3
6.0
4
3
7
6.2
0
2
2
6.5
2
1
3
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4.3 Effect of different treatment for aflatoxin
In this part, the researcher used 4 types of treatments to reduce the level of
aflatoxin in peanuts. These methods include ultra violet (UV), sodium chloride
(NaCl) with different concentration 0, 4, 8 and 12%, ammonium hydroxide
(NH4OH) 0.5, 1, and 1.5%, and hydrogen peroxide (H2O2) 1 and 5%
concentrations. The samples were treated with hydrogen peroxide (H2O2),
sodium chloride (NaCl) and ammonium hydroxide (NH4OH) in different
concentrations. We add different concentration of aflatoxin (20, 25 and
30µg/kg) except the blank, then treated and analyzed by duplicate.

4.3.1: Effect of ultra violet (UV) on aflatoxin conc. in peanuts
Table 4.20 shows that decreasing of aflatoxin concentration by ultraviolet light
from 30, 25 and 20µg/kg to the level lower than detected after 10 hours and the
decreasing gradually decrease after 2, 4, 6, 10 hours until the concentration
level become to lower than LOD (LOD = 0.125 µg/kg) according to ELIZA kit.
Table 4.20: Effect of ultra violet on aflatoxin concentration in peanuts
Aflatoxin Conc. Aflatoxin Conc.
Time
Aflatoxin Conc.2 Aflatoxin Conc.3
Blank µg/kg
1µg/kg
(Hours)
µg/kg
µg/kg
ND
0
20
25
30
ND
2
14
16
20.5
ND
4
11.5
15
17
ND
6
6
7.4
8
ND
8
2
3.2
3.5
ND
10
ND
ND
ND
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Figure 4.2: Ultra Violet apparatus used to treatment aflatoxin conc. in peanuts
samples

4.3.2: Effects of sodium chloride (NaCl) on aflatoxin conc.
Aflatoxin contaminated peanuts were subjected to different concentration of
NaCl (powdered concentrations)(Table 4.21). It was found that aflatoxin
concentration decrease sharply from 30, 25, and 20µg/kg in three samples
through increase NaCl concentration to lower than LOD.
Table 4.21: Effect of sodium chloride of aflatoxin concentration in peanuts
Aflatoxin Conc.
Aflatoxin Conc.1
Aflatoxin Conc.2
Aflatoxin Conc.3
NaCl Conc. (%)
Blank µg/kg
µg/kg
µg/kg
µg/kg
ND
0
20
25
30
ND
4
12.2
15
20.5
ND
8
2.8
6
7
ND
12
ND
ND
ND
ND
ND
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4.3.3: Effect of hydrogen peroxide (H2O2) on aflatoxin conc.
By using H2O2 in treatment of the contaminated peanuts, aflatoxins was sharply
decrease at H2O2 concentration 1% and gradually decrease from 1 through 5%,
but it did not reach to level lower than LOD.
Table 4.22: Effect of Hydrogen Peroxide on Aflatoxin concentration in Peanuts

H2O2(%)
0
1
5

Aflatoxin Conc. Blank
µg/kg
ND
ND
ND

Aflatoxin Conc.1
(µg/kg)
25
9.2
2.9

Aflatoxin Conc.2
(µg/kg)
20
7.3
2

4.3.4: Effect of ammonium hydroxide (NH4OH) on aflatoxin
conc.
Aflatoxin contaminated peanuts were soaked in ammonium hydroxide
(NH4OH) for 7days. An effective treatment has been noticed through increase
NH4OH concentration. Aflatoxin concentration reach to lower than toxic level
(less than 5µg/kg) (Codex, 2001; Palestinian standard, Annex 1) at NH4OH
concentration (1%) and reach to level lower than LOD at NH4OH concentration
(1.5%) as shown in table 4.23.
Table 4.23: Effect of ammonium hydroxide on aflatoxin concentration in peanuts
NH4OH (%)
0
0.5
1
1.5

Aflatoxin Conc.
Blank µg/kg
ND
ND
ND
ND

Aflatoxin Conc.1
(µg/kg)
20
13
ND
ND
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Aflatoxin Conc.2
(µg/kg)
25
21
2
ND

Aflatoxin Conc.3
(µg/kg)
30
23
ND
ND

5. Discussion
This study provides a detailed information on the occurrence of
Aspergillus flavus and aflatoxin in peanut and peanut products and
relationships between aflatoxin concentration and kinds of peanuts consumed
in the Gaza Strip.
The codex Alimentarius commission

in 2001, World Health

Organization (WHO) and Food Agricultural Organization (FAO) proposed
maximum limit of 15µg/kg for the total Aflatoxin in peanuts, and this limit
consistent with the limit in the Palestinian standard (PS 484) 1999 (Annex 1).
In this study, the percentage for the samples of contaminated with aflatoxin in
peanuts over the limit > 15µg/kg were 14.5%, and this percentage consistent
with the results studies in India by Bhat et al., 1997, where 21% of peanuts
samples not suitable for human consumption.
In this study, the Aflatoxin level due to aflatoxin contaminations in
peanut butter samples were under the limit of international and Palestinian
standard, meaning that peanut butter are suitable for human consumption. The
result of this study consistent with the result studied in the United States, where
that study concluded that commercial peanut butter in USA contain minute
quantities of Aflatoxin and the concentration level below US Food and Drug
Administration (FDA) recommended safe level. In addition , this study
consistent with the study conducted in Japan, where the aflatoxin concentration
level in peanut butter under the limit of standared (Kumagi et al., 2008).
In this study the concentration of total Aflatoxin in peanuts samples
ranged from value lower than LOD to 123µg/kg and this study inconsistent
with the study conducted in Saudi Arabian by Deabes in 2010 where that the
concentration of total aflatoxins in nuts sample ranged from 16 to 240µg/kg
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In addition, this study inconsistent with a study conducted in Sudan,
where the percentage of sample contaminated with aflatoxin exceed the limit
was 58.3% and the positive result of aflatoxin ranged from 17.5 to 404µg/kg
The results of this study consistent with the results conducted in Brazil
by Carlos et al., 2009 who concluded that 44.2 % of peanuts samples were
positive for aflatoxin at level of 0.5 to 103µg/kg, where as the present study
concluded that 29.1 % of peanut samples were positive for aflatoxin and the
concentration ranged from value lower than LOD to 123µg/kg .
Our study concluded that 29.1% of peanuts and peanut products samples
contaminated with aflatoxin and this result inconsistent with the study
conducted in China by Baifen et al ., 2009 that concluded 68.4% of the sample
of peanut and its products contaminated by aflatoxin. Our study consistent with
another study conducted in China where 23% of sample contaminated with
aflatoxin (Wang and Liu , 2007).
A study conducted in Malaysia in 2010 entitled "Aflatoxin in raw peanut
marketed in Malaysia" concluded that 78.5% of the samples were contaminated
with aflatoxin, and 10.7% of contaminated samples exceed the maximum limit
(15µg/kg) (Sahar et al., 2010), and the present study concluded that 14.5 % of
contaminated sample exceeded the maximum limit (15µg/kg).

The study conducted in Ethiopia by Eshetu in 2010 concluded that 73%
of peanuts sample contaminated with aflatoxin but our results concluded that
just 29.1% of peanuts sample contaminated with aflatoxin.
Regarding aflatoxin treatment with ammonium hydroxide, our results
consistent with the results of study conducted by Hameed in 1993, and
concluded that treatment using ammonia is effective in reducing aflatoxin.
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Unfortunately, the result of treatment by ammonium hydroxide is good
to reduce Aflatoxin to the level lower than LOD, however due to the toxicity of
ammonia, these treatment have not been used for human food as mention by
Hameed, 1993.
The results of treatment by sodium chloride consistent with the results
conducted by Dusanee et al., 1992 and both studies concluded that sodium
chloride is effective in reducing aflatoxin concentration.
Microorganisms such as yeasts have the capability to change or
inactivate the aflatoxin molecule (Hameed, 1993), and this is consistent with
our study that illustrated an increase in yeast counts in the samples associated
with decrease in aflatoxin concentration.

58

6. Conclusion
This study provides for first time useful assessment of aflatoxin on peanuts
in Gaza Strip. This study revealed the occurrence of aflatoxin in peanuts and
their products collected from the markets in Gaza Strip. It was concluded
that peanut types and their products in the Gaza Strip are not free of
aflatoxigenic Aspergillus of aflatoxin.
Samples of peanuts and their products collected from the Gaza Strip had
high levels of aflatoxin, the highest aflatoxin levels were observed in
samples of unknown origin peanuts. This study concluded that inappropriate
storage with high moisture contain of products could result in mould
contamination during storage. The imported peanuts might be subjected to
unsuitable conditions of transportation and storage that lead to growing of
Aspergillus and aflatoxin production. This is an alarming indication,
especially Gaza Strip without monitoring of aflatoxin for foods.
Aflatoxigenic Aspergillus are affected with growth of yeast in peanuts
samples. Presence of yeast can inhibit the growth of aflatoxigenic
Aspergillus. The results indicate that aflatoxin contamination of peanuts
and peanut products may be a public health concern in Gaza Strip, since it
contributes to the general human exposure to these toxins.
Aflatoxin contamination can be managed and treated with different method
Ultra Violet (UV), Sodium chloride and ammonium hydroxide were
effective in reducing aflatoxin to the level lower than LOD, only hydrogen
peroxide did not reduce the aflatoxin to less than 2µg/kg. However, UV is
the best method of treatment of the contaminated peanuts with aflatoxin.
Peanut is rich in fat which could limit the application of UV in reducing
aflatoxin due to the possible fat oxidation.
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7. Recommendations
Findings of this study helped the researcher to understand the problem of
aflatoxin and given him a chance to a number of recommendations that may
help policy makers to deal with aflatoxin risks as soon as possible.
 In order to prevent the health risk, a number of methods (storing in proper
moisture and temperature) can applied to reduce moulds that produce
aflatoxin in Gaza Strip.
 Regular monitoring on the borders, stores and public markets.
 Regular sampling of peanut imported by legal ways or illegal way by
tunnels and foods available in the markets.
 Society awareness must be done by the media (Radio, T.V) regarding to the
risk of aflatoxin and hazard to people.
 Equip the governmental foods monitoring laboratory by new equipments to
be analyze the aflatoxin toxicity level in the foods to protect the consumer
from any hazard.
 Government should be monitoring the tunnels between Egypt and Gaza,
because most unknown origin samples may be inter across the tunnels.
 Further studies need to be conducted in order to better understand the
aflatoxin contamination in different foods like corn, coffee, oil seeds, spices
and white flower.


Further studies need to be conducted in order to find suitable treatment to
reduce aflatoxin in food and feed.
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)Abstract (Arabic version
اﻟﻤﻠﺨﺺ اﻟﻌﺮﺑﻲ

دراﺳــــﺔ اﻷﻓﻼﺗﻮﻛﺴﯿــــﻦ وﺳﻤﯿﺘــــﮫ ﻓﻲ اﻟﻔــــﻮل اﻟﺴﻮداﻧﻲ و ﻣﻨﺘﺠــــﺎﺗﮫ ﻓﻲ
أﺳــــﻮاق ﻗﻄـــــﺎع ﻏــــﺰة
اﻟﻔﻠﺴﻄﯿﻨﯿﺔ ﻓﻲ ﻗﻄﺎع ﻏﺰة و ﺗﺤﺪﯾﺪ أﻓﻀﻞ اﻷﺳﺎﻟﯿﺐ و اﻟﻮﺳﺎﺋﻞ ﻟﻠﺘﻘﻠﯿﻞ ﻣﻦ ﺳﻤﯿﺔ اﻷﻓﻼﺗﻮﻛﺴﯿﻦ.
179
ﻗﻄﺎع ﻏﺰة ﻓﻲ اﻟﻔﺘﺮة ﻣﺎ ﺑﯿﻦ ﻓﺒﺮاﯾﺮ  2013وﯾﻮﻟﯿﻮ 2013م .
)(ELIZA

ﺗﻢ

.و
أﻛﺴﯿﺪ اﻟﮭﯿﺮوﺟﯿﻦ و ھﯿﺮوﻛﺴﯿﺪ اﻷﻣﻮﻧﯿﻮم وﻣﻠﺢ اﻟﻄﻌﺎم وﺗﻌﺮﯾﺾ اﻟﻌﯿﻨﺎت ﻟﻀﻮء ﻓﻮق اﻟﺒﻨﻔﺴﺠﻲ
SPSS
اﻷﻧﻮﻓﺎ ).(ANOVA

17
%70.9

ﻛﺎن ﻣﻠﻮﺛﺎ ً ﺑﮫ ،ﻓﻲ ﺣﯿﻦ أن %14.5
/

15
ﻛﺎن ﻣﺘﻮﺳ
.

 4.1 ،4.2 ،2.4و %27.1

اﻷﺳﺒﺮﺟﻠﺲ اﻟﺴﺎم و ﺗﻮاﺟﺪ اﻷﻓﻼﺗﻮﻛﺴﯿﻦ ،ﻋﻼوة ﻋﻠﻰ ذﻟﻚ وﺟﺪ أﯾﻀﺎ ً ﻋﻼﻗﺔ ﻋﻜﺴﯿﺔ ذات دﻻ
.و
ﻣﺴﺘﻮى اﻷﻓﻼﺗﻮﻛﺴﯿﻦ ھﻮ
ﻣﺴﺘﻮى أﻗﻞ ﻣﻦ ) (LOD =0.125µg/kgﺑﻮاﺳﻄﺔ ﺟﮭﺎز اﻻﻟﯿﺰا.
%29.1

.
أﺧﺮى ﻟﺘﺤﺪﯾﺪ ﻣﺴﺘﻮى اﻷﻓﻼﺗﻮﻛﺴﯿﻦ ﻣﻊ أﻧﻮاع أﺧﺮى ﻣﻦ اﻷﻏﺬﯾﺔ.
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ورﻗﺔ اﻻﻋﺗﻣﺎد
ﺟﺎﻣﻌﺔ اﻷزھر  -ﻏزة  -ﻓﻠﺳطﯾن
ﻛﻠﯾﺔ اﻟزراﻋﺔ واﻟﺑﯾﺋﺔ

أﺳم اﻟﺑﺎﺣث  :أﻛرم ﻣﺣﻣد ﺟرادة
ﺷﮭﺎدة  :درﺟﺔ اﻟﻣﺎﺟﺳﺗﯾر ﻓﻲ ﻋﻠﻮم وﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻷﻏﺬﯾﺔ
ﻋﻧوان اﻟرﺳﺎﻟﺔ  :دراﺳﺔ اﻷﻓﻼﺗوﻛﺳﯾن وﺳﻣﯾﺗﮫ ﻓﻲ اﻟﻔول اﻟﺳوداﻧﻲ وﻣﻧﺗﺟﺎﺗﮫ ﻓﻲ أﺳواق ﻗطﺎع ﻏزة

ﻣواﻓق ﻋﻠﯾﮭﺎ ﻣن ﻗﺑل

ﻟﺟﻧﺔ اﻟﻣﻣﺗﺣﻧﯾن

اﻟﺗوﻗﯾﻊ

أ .د .ﻋﺑد اﻟرﺣﻣن ﺧﻠف ﷲ
أﺳﺗﺎذة دﻛﺗور  -ﻗﺳم ﻋﻠوم ﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻷﻏﺬﯾﺔ
ﻛﻠﯾﺔ اﻟزراﻋﺔ  -ﺟﺎﻣﻌﺔ اﻟﻘﺎھرة  -ﻣﺻر

.........................

د .واﺋل ﻋﺎطف ﻣوﺳﻲ
أﺳﺗﺎذ ﻣﺳﺎﻋد  -ﻗﺳم ﻋﻠوم ﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻷﻏﺬﯾﺔ
ﻛﻠﯾﺔ اﻟزراﻋﺔ واﻟﺑﯾﺋﺔ  -ﺟﺎﻣﻌﺔ اﻷزھر  -ﻏزة

.........................

ﻟﺟﻧﺔ اﻹﺷراف
أ .د .أﺣﻣد ﻣﺣﻣود ﻋﻠﯾﺎن
أﺳﺗﺎذ دﻛﺗور  -ﻗﺳم ﻋﻠوم ﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻷﻏﺬﯾﺔ
ﻛﻠﯾﺔ اﻟزراﻋﺔ  -ﺟﺎﻣﻌﺔ اﻟﻘﺎھرة  -ﻣﺻر
د .ﻋﺑد اﻟرازق ﺳﻼﻣﺔ
أﺳﺗﺎذ ﻣﺳﺎﻋد  -ﻗﺳم ﻋﻠوم ﺗﻜﻨﻮﻟﻮﺟﯿﺎ اﻷﻏﺬﯾﺔ
ﻛﻠﯾﺔ اﻟزراﻋﺔ واﻟﺑﯾﺋﺔ  -ﺟﺎﻣﻌﺔ اﻷزھر  -ﻏزة
د .ﺣﺳن ﻣﺻ طﻔﻰ طﻣوس
أﺳﺗﺎذ ﻣﺳﺎﻋد  -ﻗﺳم اﻟﻛﯾﻣﯾﺎء اﻟﻔﯾزﯾﺎﺋﯾﺔ اﻟﺗطﺑﯾﻘﯾﺔ
ﻛﻠﯾﺔ اﻟﻌﻠوم  -ﺟﺎﻣﻌﺔ اﻷزھر  -ﻏزة

.........................

.........................

.........................

ﺟﺎﻣﻌﺔ اﻟﻘﺎھﺮة – ج.م.ع
ﻛﻠﯿﺔ اﻟﺰراﻋﺔ

ﺟﺎﻣﻌﺔ اﻷزھﺮ – ﻏﺰة
ﻛﻠﯿﺔ اﻟﺰراﻋﺔ واﻟﺒﯿﺌﺔ
ﺑﺒﺐ

اﻟﺒﺮﻧﺎﻣﺞ اﻟﻤﺸﺘﺮك

ب

دراﺳﺔ اﻷﻓﻼﺗﻮﻛﺴﯿﻦ وﺳﻤﯿﺘﮫ ﻓﻲ اﻟﻔﻮل اﻟﺴﻮداﻧﻲ وﻣﻨﺘﺠﺎﺗﮫ ﻓﻲ أﺳﻮاق ﻗﻄﺎع ﻏﺰة
رﺳﺎﻟﺔ ﻣﻘﺪﻣﺔ ﻣﻦ:
أﻛﺮم ﻣﺤﻤﺪ ﺟﺮادة

ﺑﻜﺎﻟﻮرﯾﻮس ﻋﻠﻮم ﻛﯿﻤﯿﺎء ﺑﺤﺘﺔ ) (1997ﻛﻠﯿﺔ اﻟﻌﻠﻮم  -ﺟﺎﻣﻌﺔ اﻷزھﺮ -ﻏﺰة – ﻓﻠﺴﻄﯿﻦ

إﺷﺮاف
أ.د أﺣﻤﺪ ﻣﺤﻤﻮد ﻋﻠﯿﺎن
ﻛﻠﯾﺔ اﻟزراﻋﺔ
ﺟﺎﻣﻌﺔ اﻟﻘﺎھﺮة -اﻟﻘﺎھﺮة – ﻣﺼﺮ

د .ﻋﺒﺪ اﻟﺮازق ﺳﻼﻣﺔ

د .ﺣﺳن ﻣﺻطﻔﻲ طﻣوس

ﻛﻠﯾﺔ اﻟزراﻋﺔ واﻟﺑﯾﺋﺔ
ﺟﺎﻣﻌﺔ اﻷزھﺮ -ﻏﺰة -ﻓﻠﺴﻄﯿﻦ

ﻛﻠﯾﺔ اﻟﻌﻠوم
ﺟﺎﻣﻌﺔ اﻷزھﺮ – ﻏﺰة-ﻓﻠﺴﻄﯿﻦ

ﺟﺎﻣﻌﺔ اﻷزھﺮ ﺑﻐﺰة -ﻛﻠﯿﺔ اﻟﺰراﻋﺔ واﻟﺒﯿﺌﺔ
ﻗﺴﻢ اﻟﺼﻨﺎﻋﺎت اﻟﻐﺬاﺋﯿﺔ
اﺳﺘﯿﻔﺎء ﻟﻤﺘﻄﻠﺒﺎت اﻟﺤﺼﻮل ﻋﻠﻲ درﺟﺔ اﻟﻤﺎﺟﺴﺘﯿﺮ ﻓﻲ اﻟﻌﻠﻮم اﻟﺰراﻋﯿﺔ "ﻗﺴﻢ اﻟﺼﻨﺎﻋﺎت اﻟﻐﺬاﺋﯿﺔ"
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