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Abstract

Aflatoxin, a by-product of Aspergillus fungi metabolism, poses serious health risks, as
highlighted by numerous studies. This study aims to investigate the presence of aflatoxin
B1 in two key crops—corn and soybean—which are widely used as primary raw materials
in poultry feed concentrates. Both ingredients are imported and undergo processing in
local factories. A total of 42 samples of corn and soybean were collected in October 2021
from silos at feed processing factories in the districts of Jenin, Nablus, and Tulkarm. The
samples were stored in cool, dark containers and subsequently analyzed for aflatoxin B1
concentration using the RIDASCREEN® Aflatoxin B1 30/15 procedure.

The results revealed the presence of aflatoxin B1 in 80%, 100%, and 100% of corn
samples from Jenin, Nablus, and Tulkarm, respectively. In soybean samples, aflatoxin B1
was detected in 60%, 85.7%, and 100% of samples from Jenin, Nablus, and Tulkarm,
respectively. The overall average concentration of AFB1 in corn was 0.69 pg/kg, with
district averages of 0.64 pg/kg in Jenin, 0.604 pg/kg in Nablus, and 0.80 pg/kg in
Tulkarm. These levels fall within acceptable limits as defined by relevant standards.
Significant differences in aflatoxin concentrations between the districts were observed for
both crops. For soybean, the overall average concentration of AFB1 was 0.66 pg/kg, with
district averages of 0.78 pg/kg in Jenin, 0.61 pg/kg in Nablus, and 0.65 pg/kg in Tulkarm.
All results were below the maximum allowable limits set by European and US FDA

guidelines, which specify a threshold of 20 ppb (20 pg/kg).

The findings suggest no significant differences in aflatoxin concentrations between corn

and soybean. Continuous monitoring of aflatoxin levels is essential, particularly in
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relation to storage conditions. Additionally, further research is recommended to assess
aflatoxin levels in processed feed materials to ensure ongoing safety and compliance with

standards.

Keywords: Aflatoxin B1, Corn, Soybean, Aspergillus, Fungi.
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Chapter One

Introduction

1.1 Introduction (FAQO)

Food is the basic required condition of life as a source of energy protein, etc. The global
demand for food is increasing with the continuous increase in world population growth,
accompanied by the continuous world population growth, the enhancement of livelihood
levels and the economic status are pressing on obtaining sufficient food quantities with
high quality. Food quality and safety have importance the same as sufficient supply.
Quality has a great effect on human health (WHO a, 2022). If food is polluted or
contaminated it is forming a huge health risk. This kind of unsafe food threat not only for
human health but also it causes economic losses and hinders development. Meat and other
animal-origin products are forming an important portion of the human daily diet.
According to the Food and Agriculture Organization (FAO), cereals and grains are
providing more than 50% of energy and 50% of protein, while animal products supply
around 17% of energy and 32% of protein (Bender, 1998). Bender (1998) summarized
the importance of animal-origin food in the human diet in developing countries by the

content of protein and fats, Iron, Zinc, vitamin B and vitamin A.

Meat consumption could be divided into two categories, quality consumption, and
sufficient quantity. Quality consumption is more concern in developed countries, while
in developing countries the concern is more on the quantity to obtain the insufficient
energy supply. Meat consumption in industrial countries which are developed or rich is
three to four times that in poor countries (Delgado et al, 1998). However, as meat and
animal-origin foods are a part of our daily food, the safety and health of these sources
have an important effect on human health. Therefore, any contaminated or polluted food
used in animal feeding may affect animal health causing either health risks to humans or
economical losses. The most causing source of pollution is coming from Fungi.
Devegowda et al (2019) reported that fungi produce Mycotoxins which is the result of the
fungi metabolism, and this mycotoxin is poisonous to humans and animals. The produced
mycotoxin is either in the field or in transportation and storage. The Food and Agriculture
Organization of the United Nations (FAQO) estimated that more than 25% of the world's
grains are contaminated with mycotoxins as reported by (Eskola et al, 2019). This

1



estimation was confirmed by Eskola et al, (2019). While Council for Agricultural Science
and Technology in the United States (CAST, 2003) estimated the annual economic losses
caused by mycotoxins by 1.5 billion $. Among the mycotoxins, Aflatoxin B1 is the most
studied as reported by Ezekiel et al, (2012). Aflatoxin was discovered in the 1960s after
it caused the death of 100,000 turkeys (Kotinagu et al, 2015). This aflatoxin is
carcinogenic to both humans and animals (McCullough et al. 2019).

In Palestine, the agricultural sector plays an important role in the Palestinian economy. In
addition, due to its political status, agriculture becomes a crucial sector for Palestinian
life. Agriculture is the sector to absorb the working power and. food source for the citizens
to accomplish food security. Food security status in Palestine shows that around 25% of
the Palestinians are suffering from inadequate food supply (MoA, 2019), however, the
document on national food security policy shows that 7.4% of the children below five
years are suffering from a shortage in food and that Palestinian have malnutrition. In
addition, 23.6% of the household have poor or borderline food consumption (MoA,
2019). This 23.6% have not only low food consumption but also consume less important
food items like meat and dairy (FAO — WFP, 2016).

The animal production sector in Palestine is very important to supply protein and
fat(reference). The Palestinian agricultural strategy of 2017 — 2022 (MoA, 2016)
estimated the livestock population raised in the Palestinian areas as follows: 2058 camels
33,980 dairy cows, 730894 sheep, and 215335 goats. The poultry sector is estimated as
32.5 million broilers, of which (994.6 thousand mothers), 1.8 million laying hens, 546.4
thousand turkeys, 19690 rabbits.” (MoA, 2016). Most of the animal raising costs are
coming from the feeding costs where it was estimated that feeding costs are 75-85%
(MoA, 2016). At the same time, the majority of the food supplied to animals (despite
being concentrated or filling) is imported, where it is estimated to be around 85 — 90%
(MoA, 2016). Imported animal feeding materials are subjected to be contaminated with
the widespread fungi, including Aspergillus spp, the source of aflatoxins (reference).
Fungi favor humid warm conditions that are available in the storage of grains. In these
conditions, the stored grains are subjected to growth and contamination with aflatoxin as
fungi by-products. This is a health risk for animals and through it to humans or may cause

severe losses.



In Palestine, information on aflatoxin in food is limited, there are two studies on the
subject the study carried out by Ahmad et al (2022) regarding the contamination in some
human food items. This study aimed to investigate and quantify the AFB1 concentrations
at factories of animal feeding. These factories are importing grains; mainly corn and
soybean from Israel. Corn and soybean are transported and stored, which, subjects them
to be contaminated by aflatoxins. During processing, the grains are subjected to grinding
and mixing, and packed for distribution in the local market under this condition no
removal of the toxins and the animal would be subjected to huge health risks, therefore,

the food could affect human health.

In recent years, the global agricultural industry has faced increasing challenges related to
food safety and security, particularly in developing regions like Palestine. The
contamination of staple crops by mycotoxins, such as aflatoxin B1, poses a significant
threat to both human and animal health. As a by-product of fungi like Aspergillus flavus
and Aspergillus parasiticus, aflatoxins can contaminate crops during cultivation,
harvesting, or storage. In the context of Palestine, where the agricultural sector plays a
crucial role in the economy and food security, the impact of such contamination can be
profound. This issue is compounded by climate conditions that may favor fungal growth,
leading to higher risks of contamination. Thus, understanding the prevalence of aflatoxins
in essential animal feed ingredients, such as corn and soybean, is vital for protecting

public health and supporting sustainable agricultural practices.

1.2 Study hypothesis

The hypothesis of the study is:

- The initial hypothesis is: The level of aflatoxin levels in animal manufactured feeds
with corn and soybean manufactured feeds doesn’t exceed the allowed upper
maximum level.

- The alternative hypothesis is: The level of aflatoxin levels in animal manufactured
feeds with corn and soybean manufactured feeds exceeds the allowed upper maximum

level.



1.3 Study Objectives

The main objective of this study is to investigate the level of AFB1 contamination of
animal feeds in three Palestinian districts; Nablus, Jenin, and Tulkarm, as an indicator of

food contamination.



Chapter Two

Literature review

2.1 Food safety and security

The continuous increase in food demand is a normal result of global population growth.
However, food is the basic source of energy required for human life. A sufficient supply
of food is the basic key to the development sustainability of any community (WHO,
2019). In addition, the safe food supply supports the economy on both local and
international scales. However, there are wide gaps in food supply between developed and
rich countries compared to the developing and poor countries as reported (Maurice,
2013). According to (FAO, 2018) more than 821 million humans are hungry. Billions,
mainly in developing countries may face a shortage of water or food insecurity (Filho et
al, 2021). International Food Policy Research Institute (2022) defined food security
according to United Nations’ Committee on World Food Security as the state in which
all people, at all times, have physical, social, and economic access to enough, safe, and
nourishing food that satisfies their dietary needs and food preferences for an active and
healthy life. On the opposite, the insecurity of food could be explained as a restricted or
unclear capacity to get the essential palatable foods in socially acceptable ways, or limited

or uncertain availability of nutrient-dense, safe foods (Bickel et al, 2000).

Considerable differences are found on regional levels and also between rural and urban
areas as reported by the World Food Program (WFP, 2009). This issue WFP (2009) report
stated that more likely; persons in rural regions live under the poverty line four times
compared to those who live in urban areas. These differences are reflected in the kind of
food and nutritional values. The people under-poverty line consume less protein than
those in rich countries (FAO et al, 2013). Not only poverty but in addition climate change
and climate extremes affect the availability and accessibility to food mainly cereals and
meat (Elbehri et al, 2017). Food security, therefore, is a term considering the availability
of food. However, the Global Food Security Index is defining both food quantity and
quality (Mahmoud, 2019). The absence of sufficient and safe food cause food insecurity
as reported by Asan-Ghomi et al, (2012).

The major supply of protein is the food of animal origin, which is known as a source of

protein from early ages as mentioned by Delgado et al, (1998). Bender (1998) reported
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that meat is the major supplier of Iron, Zinc, vitamin A and vitamin B. In developed
countries, people have a variety of food sources. While in developing countries meat plays
an important role in the human diet (Bender, 1998). This nutritional richness makes meat
play an important role in any balanced diet (Pereira and Vicente, 2013). Fats are a major
concern when talking about meat consumption (Pereira and Vicente, 2013). Fats are very
rich in energy. In developing countries, many diets are not including fats, this subject
human to energy intake shortage (Bender, 1998). Makkar and Beever, (2013) reported
that the global contribution of animal products to total energy consumption is ranging
from year to year due to many different reasons. However, the global average was 17%
in 2005 — 2007 (Makkar and Beever, 2013). But at the same time this contribution was
less than 5% in 18 countries (Makkar and Beever, 2013).

The consumption of organic meat products is spreading widely around the world as
sustainable food practice (Nguyen et al, 2019). According to Delgado et al, (2001) the
transition in nutritional behavior in the 20" century made livestock the basic and primary
source of protein. For those people who spend high levels of energy (as athletes or hand
workers), food containing high levels of protein and energy is essential in their diets
(Barybina et al, 2019). It is estimated that meat and other diary production need to be
doubled to meet the demand in 2050 (Ozturk and Hamaker 2023). To meet the growing
demand for meat livestock production is to be expanded (Bender, 1998). The production
of meat and other dairy products (such as milk) forms pressure on the environment
(Bruinsma, 2009). This is due to the need to transform large quantities of grains into the
meat (de Boer et al, 2017). At the same time, the production of grain requires land and
water. Aflatoxin contamination in animal feed is a pressing concern worldwide,

especially due to its implications for animal and human health.

Aflatoxin contamination specifically raises concerns for food safety due to its resilience
in various processing methods. Even after typical food processing practices like cooking,
roasting, or milling, aflatoxins can remain stable and continue to pose health risks. This
persistence underscores the challenge of controlling aflatoxins across the food production
chain, from cultivation to consumption (Adeyeye, 2016). Additionally, food insecurity
exacerbates the issue, as populations facing limited food access may consume
contaminated foods out of necessity. In such contexts, implementing safety controls and
rigorous monitoring for aflatoxins is essential to prevent adverse health outcomes.

6



Investments in local testing facilities and education about safe storage and handling
practices are critical steps for regions like Palestine, where aflatoxin contamination in
staples such as corn and soybeans could undermine food security efforts and public health

objectives.

In Palestine, meat consumption is affected by the economic status of the people. In 2007
it was estimated that the annual per capita meat consumption is around 46.8 kg/ year and
2.4 kg/ year of fish, while the family’s expenditure is around 10% on meat (PCBS, 2008).
While in 2017 it decreased to 44.8 kg/ year (PCBS, 2018).

2.2 Food and feed contamination of mycotoxins

According to the World Health Organization (WHO) contaminated food causes 420,000
death annually, and unsafe food causes more than 200 kinds of diseases in humans. Where
it is estimated that 10% of people around the world have diseases from eating
contaminated food (WHO a, 2022). Food contamination could be by bacteria, viruses, or
mycotoxins (WHO b, 2022). In the same manner, unsafe food is known since the
historical ages, even though, safe food is a basic need for humans, and it is required to
guarantee food safety through the food processing chain (Kamboj et al, 2020). Consumers
are concerned about food safety and contamination of all sources. According to (WOAH,
2008), safe food is required for animals as they are a part of human food. Fenton and Van
Saun (2018) published that both the safety and quality of feed grains and fodders are
crucial to eliminate and avoid health hazards and guarantee herd health, in addition, to

minimizing the losses in production.

Foods for humans and animals that are made from fungus-contaminated agricultural
products pose a serious risk to human and animal health. Under ideal temperature and
humidity circumstances, several types of toxigenic fungus can thrive during crop growth,
after harvesting, during crop storage, and during the processing of food or feed products
(Richard, 2007). According to Nnamani et.al, (2021), mycotoxins may serve as an
insecticide or combat the plant's defense mechanism against the fungus in order to fulfill
their ecological development functions in nature. The exact roles of mycotoxins are not
well understood until now, and it is still yet unknown. Mycotoxins are innocuous by
nature and are not precepted or recognized as disturbance causing materials by the human
or animal immune systems (Nnamani et al, 2021). Adeyeye (2016) connected the food

7



security to mycotoxin contaminated food as he reported that, the goal of food safety is to
reduce the amount of acute and chronic dangers that could endanger the health individuals
who consume it. Food products that contain mycotoxins are completely unsafe for
individuals to eat, which eventually causes post-harvest loss and compromises food
security. The spread of various fungus in agricultural products results in reduced yield

and ensuing financial losses (Adeyeye, 2016)

Farm animals are subjected to toxic mycotoxins through feedings (Alvarado et al, 2017).
Cattle are exposed to these toxic mycotoxins through the corn (grain; silage, and corn
processing by-products) as reported by Fenton and Van Saun (2018). The animal's
contaminated feeds and food are exposing them to mycotoxins — mainly aflatoxins (Chase
et al, 2013). Animal health diseases and problems related to mycotoxins are resulting
from long contact (Alvarado et al, 2017). The European Food Safety Authority assessed
the risk of aflatoxins to health. In the assessment, Schrenk et al (2020) found that the main
contributor to dietary chronic exposure risk is grain and grain — based products. In their
review Kamboj et al, (2020) present the sources of contamination with:

_ External raw food contamination (the heavy metals, the pesticide residues... etc.).
Contamination during food transport (vehicle gasses, or fungal residues, or microbial
activities).

Contamination is caused by cleaning processes (Chemicals or disinfectant cleaners).
Contamination due to heating steps (due to heating some chemicals are formed).
Food packaging (direct or indirect contact with packaging material).

Contamination during food storage (breakdown of packing material during storage,

material changes).

Contamination during the transportation is very important since it affects food safety
(reference). The contamination of food starts before harvest as indicated by the WHO
(2022). In Palestine, the risk of mycotoxin contamination in staple crops is particularly
high due to climatic factors and storage conditions that facilitate fungal growth. Aflatoxin
B1, one of the most toxic mycotoxins, poses significant health threats, particularly in
regions with limited regulatory and monitoring frameworks. This issue is exacerbated by
economic constraints, which often limit access to proper storage facilities and resources
for fungal contamination management. Recent studies emphasize the necessity of
implementing aflatoxin control measures, including the development of regional testing

8



facilities and educating local farmers on safe storage and handling practices. By
enhancing local regulatory systems, Palestine can not only mitigate the risks associated
with mycotoxin exposure but also improve public health outcomes and agricultural

sustainability.

2.3 Mycotoxins and the effect of aflatoxins

World health organization (2022) mentions that: “mycotoxins, which are toxic
compounds that are naturally produced by certain types of fungus”. Guchi (2015) explains
mycotoxins as secondary metabolites products that naturally result from filamentous

fungi metabolism, which are low molecular weight.

Ajmal et, al, (2022) reported that over half of the world's population, or over 4.5 billion
individuals, are thought to be at risk from chronic AF exposure, with many of them living
in underdeveloped nations. The number of people afflicted may grow as a result of the
current coronavirus pandemic, supply chain difficulties, and higher intake of AF-
contaminated foods anticipated as a result of political unrest (COVID-19)

Council for Agricultural Science and Technology in the United States CAST (2003)
indicated that three types of fungi are the main producers of the mycotoxins they
published:” Most of the mycotoxins that are considered to be important are produced
primarily by three genera of fungi, namely, Aspergillus, Penicillium, and Fusarium.
Claviceps and Stachybotrys also are important producers of mycotoxins” (CAST, 2003).

Among the mycotoxins; aflatoxins were the widest spread and the most studied group
(Devegowda et al, 2019). A byproduct of the aspergillus species, they prevail in warm
and humid climatic conditions. Aflatoxins are biochemical substances produced by
aspergillus (Guchi, 2015).

Diener et al., (1987) reported the variations between the main two species of aspergillus
that produce different mycotoxins. They mentioned that A. flavus seems to be suited to
the aerial and foliar environment, as seen by its dominance in cottonseed, tree nuts, and
peanuts, while A. parasiticus looks like it's adapted to a soil environment. Only A. flavus
and A. parasiticus are capable of producing aflatoxins. A. parasiticus isolates generate
aflatoxin GI (AFGI), aflatoxin G2 (AFGZ2), aflatoxin MI (AFM1), as well as AFBI and
AFB2. In contrast, A. flavus normally produces the mycotoxins as aflatoxin BI (AFBI) as
9



well as aflatoxin B2 (AFB2). AFGj and AFG2 are typically found in tests of peanuts,
however only AFBI and AFB2 are found in almost 90% of the infected com samples

tested for aflatoxin.

Aflatoxin was discovered in the 1960s after causing the death of 100,000 turkeys in
England as reported by Kotinagu et al, (2015). This is confirmed by NNAMANI et ,al,
(2021), who reported that, the term "aflatoxins™ was initially used in the United Kingdom
in the early 1960s to characterize the toxins linked to tainted animal feed known as peanut
and the lost turkey in England. It is likely that agricultural products like cereals, grains,
nuts, and dried fruits harbor aflatoxins (NNAMANI et al, 2021). Aflatoxins are toxic
compounds that could exist in human or animal food under certain circumstances (Chase
et al, 2013). These aflatoxins are carcinogenic to both humans and animals (Kotinagu et
al, 2015). Aflatoxins were classified into aflatoxin B1 (AFB1), aflatoxin B2 (AFB2),
aflatoxin G1 (AFG1), aflatoxin G2 (AFG2), and aflatoxin M1 (AFM1) (the chemical
composition of the different mycotoxins is shown in figure 1). Aflatoxin B1 (AFB1) is
the most prevalent of these aflatoxins. The other aflatoxins are not present when AFB1 is
absent (Schrenk et al 2020).

Mycotoxins, mainly aflatoxin are caused by many species of aspergillus fungi, but the
main aflatoxin producing fungus species are both by Aspergillus flavus and Aspergillus
parasiticus (Lopez-Garcia et al, 1999). The contamination of food and animal feeding
staff is a major nutritional issue that is globally spread, and known mainly as a post-
harvest problem (Chakraborty et al., 2021). It is health risking and causing cancers and
other diseases to human and animal (Spencer Smith et al, 2019). NNAMANI et al (2021)
confirm this as they published that aflatoxin poses a major risk to human and animal

health since it can build up via the food chain.

In their review, Bennett and Klich (2003) reported the different types of mycotoxins and
the fungus species producing these mycotoxins on different crops (Table 1) summarize

these mycotoxins.
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Table 1

Different fungi species, their mycotoxin type, and crops

Fungus species Crops Mycotoxins

Corn, groundnut,

Aspergillus flavus oilseed, cottonseed
Aflatoxin
] o Corn, groundnut, (carcinogenic to
Aspergillus parasiticus )
oilseed, cottonseed human)
) ) Corn, groundnut,
Aspergillus nomius )
oilseed, cottonseed
Fumonisins
Fusarium oxysporum Wheat, Barley, Corn (Hepatotoxic and

Nephrotoxic)

Fusarium sp. Wheat, Barley, Corn T-2 Toxin
Ochratoxin
Penicillium verrucosum  Wheat, Barley, Corn (Potentially

carcinogenic)

Sources: Bennett and Klich, 2003

According to LOPEZ-GARCIA et al. (1999), mycotoxin-contaminated food and feeds
present a special challenge regarding food and feed safety because they are unpredictable
and inescapable. long-term exposure to contaminated food with aflatoxin causes
immunodeficiency and interferes with children's metabolism of micronutrients. Aflatoxin
is also highly prevalent in staple foods and in places where there are no regulations or
laws that govern food safety (Wu et al.2014; Jallow et al, 2021).

The risk of aflatoxins to human health was evaluated by the European Food Safety
Authority. Grain and grain-based products were identified as the primary contributor to
the risk of dietary chronic exposure as reported in the assessment published by Schrenk
et al (2020).

Aflatoxins cause liver cancer as published by FAO (2018). Yiannikouris et al, (2021)
mentioned that aflatoxins can affect animals' health and performance when eating
contaminated foods. Animals afflicted by mycotoxins may exhibit symptoms such as
digestive problems, decreased feed consumption, poor thrift, impaired immunity,

impaired reproduction, and a look of malnutrition, according to Quinn et al. (2002) who
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reported the syndromes of mycotoxins on animals. They are linked to the ingestion of
contaminated feeds and forages but are not spread from animal to animal (Quinn et al,
2002). However, mycotoxins resist decomposition through the digestive tract, even in
ruminants, therefore, they may exist in meat, milk, or any other dairy products (Attia and
Harisa, 2016).

High humidity and moderate temperature under aerobic conditions are the fungi's optimal
growth conditions (Larousse et al., 2017). Diener et al., (1987) reported that for
aspergillus the ideal temperature range for fungal growth is 25 upto 28 degrees
Celsius. The relative humidity levels are in the range of 65% up to 80%. In instance,
Aspergillus flavus can only flourish in environments where the relative humidity is higher
than 85 percent. Or the grain content of moisture exceeds 16 % (Ongoma, 2013).
However, there are several variables involved in the incredibly intricate relationship

between mycotoxins and climate change.

Medina and Megan (2014) established a model that incorporates the relative expression
of ten metabolic genes in the process, growth, and synthesis of aflatoxin B1 (AFB1) has
been constructed and validated under circumstances of increased temperature and water
stress. For the first time, the effects of the interacting circumstances of air
humidity, temperature, raised carbon dioxide. (Interaction of temperature and the
surrounding environment have little influence on growth, but they have an important
effect on CO2 existing levels). This shows that while such interacting genes are involved
in aflatoxin biosynthesis, they may also strongly increase the production of AFB1
(Medina and Megan, 2014).

The existence of such conditions motivates the germination and growth of fungi spores.
If the spores pass through biotic and abiotic stresses, they can directly release mycotoxins
as secondary metabolites to stored components or plants (CAST,2003). This is confirmed
by FAO (2018) which published that the main aflatoxin-producing fungi are aspergillus.
Among these, Aspergillus flavus and Aspergillus parasiticus, are the major fungi species
that produce aflatoxins. These fungi prefer to grow in warm and humid regions of the
world. Crops contamination could occur during different sites, as the growth in the field,

or during the harvest, transportation and storage.
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Figure 1

The chemical composition of four kinds of aflatoxins

Source: Attia and Harisa, 2016

Liu and wu, (2010) reported that aflatoxin B1 is the most harmful aflatoxin of the four
types of aflatoxin. It is the most toxic and potentially carcinogenic that is correlated to

liver cancer in many species.

Aflatoxin damages the liver, particularly when combined with hepatitis B infection,
where it causes 5-28% of instances of hepatocellular carcinoma worldwide as reported
by Liu and Wu, (2010). According to Attia (2010), aflatoxin B1 is an indirect carcinogen.
The liver metabolizes aflatoxin. This metabolism process by liver enzymes produces “B1-
Exo0-8,9-epoxide. The final process causes DNA mutations and genomic instability (Attia,
2010). This is confirmed by IARC (2012), which published that the aflatoxin effect in all
previous assessments is liver cancer. Aflatoxin passes first through metabolism in the
liver, and through this process, toxic metabolites are formed. AFB1, AFB2, and AFG1
cause mutations and may induce damage to DNA. While AFB1 may cause point

mutations in cells in addition to the genetic instability for mammal (IARC, 2012).
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In comparison to poultry, which is vulnerable to AFB1, ruminants are more resistant to
aflatoxins and other mycotoxins (Monson et al 2015). According to Oguz et al. (2000),
AFB1 can cause hepatic toxicity, teratogenicity, or carcinogenicity in addition to other

hematological issues.

Aflatoxins, particularly AFB1, pose substantial health risks due to their high toxicity and
carcinogenic properties. Aflatoxin B1, produced by Aspergillus species, is especially
prevalent in warm, humid climates, where it contaminates staple crops such as corn,
peanuts, and tree nuts. Once ingested, AFB1 can lead to severe liver damage, particularly
in individuals with pre-existing liver conditions. Research has highlighted the need for
comprehensive aflatoxin control strategies, emphasizing rigorous testing and prevention
protocols to limit aflatoxin contamination across all levels of the food chain. The
European Food Safety Authority underscores the importance of monitoring dietary

exposure, especially in regions where consumption of contaminated grains is high.

2.4 Economic impact of aflatoxins

The effect of aflatoxins goes beyond the health risks. It causes severe economic losses
around the world. Bouhet and Oswald (2005) published that aflatoxin is causing losses of
millions of dollars around the world as agriculture products losses. CAST (2003)
estimated a loss of 1.5 billion $, among them 932 million US$ in the United States. The
economic losses of African agricultural exports to Europe are reduced by 64% causing

losses estimated at 670 million US$ annually (Bankole and Adebanjo, 2003).

Diener et al., (1987) reported that Aflatoxin contamination before harvest seems to be
common in the US, mostly in cottonseed, peanuts, and corn, however it can affect any
crop that hasn't been fully dried after harvest. They reported that A review of A. flavus's
preharvest infestation of peanuts and the ensuing aflatoxin contamination which has been
published found that, the Southeast of United States, had significant economic losses in
cattle and peanut and corn crops in 1972, 1977, 1980, and in some places in 1978, 1984,
and 1985, which highlighted the significance of aflatoxin contamination.
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Climate changes favor the deterioration of crops. Under rainy-warm climates the growth
of aspergillus is motivated, and the mycotoxins production increase as reported by
Stathers (2013).

Certain environmental conditions drive the formation of mycotoxins; however, the degree
of contamination varies depending on the area, agricultural practices, and the
vulnerability of commodities to fungal penetration during storage and processing periods.
Accordingly, fungi that cause poisons in food are divided into two categories: field fungus
and storage fungi, depending on the conditions in which they must flourish ecologically
(Adeyeye, 2016).

Environmental factors affect the occurrence of aflatoxins, for that, the contamination
extent will vary by location and agricultural behavior of the farmers (Algul and kara,
2014). ‘Elevated temperatures and the effects of drought are the main causes of elevated
aflatoxins. Corn and A. flavus are directly impacted by the two climate conditions.
According to Cotty and Jamie-Garcia (2007), A. flavus grows, conidiates, and disperses
due to extreme temperatures and dry circumstances, which hinders the development and

growth of corn (Ongoma, 2013).

The drought which is growing as a result of climate change, made the plants to be more
susceptible to fungal mycotoxins as stated earlier (CAST, 2003). As a result, increasing
aflatoxins contamination reduces the produced quantity as a result of fungal growth, in
addition to the reduced crop quality. At the same time, it decreases livestock productivity
(Gbashi et al, 2018). The adaptation of fungal species that produce mycotoxins to the
new climatic changes may produce a new status with a more aggressive fungal invasion
of the crops, which causes (Medina et al., 2016) increased contamination with mycotoxins

or the worst; the production of new mycotoxins (Medina et al., 2017).

Megan (2017) stated that, in growing countries such as African countries and developing
Asian countries, this new situation is expected to pose higher significant impacts on crop
production. This status is forming major risks to food security in these countries in the
form of low nutritional quality attached to the crop quality and quantity losses in these

low and medium-developed countries (Magan, 2017).
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Globally About 35% of world food and animal feed products are expected to be
contaminated with mycotoxins as estimated by Rahmani et al, (2009). While Eskola et al,
(2019) estimated this percentage of contaminated food by 25%. However, it was
estimated that annually 1 billion tons of food are lost or wasted due to contamination
(Rahmani et al, 2009). The trade in Africa is severely affected by aflatoxins, as a result
of the low-value products presented for sale, which reduces the prices of agricultural
products at all trading levels as reported by Gbashi et al (2018). This confirms the results
of Marechera and Ndwiga (2015) who reported that more than 2.3 million corn bags were
found not suitable for trading in the period 2004 — 2006 due to aflatoxicosis, while corn
prices dropped down by 50% in Kenya in 2009 as a result to aflatoxin alert (Marechera
and Ndwiga, 2015).

In addition, economic losses in all steps of the chain of food production are expected to
occur. Farmers; distributers, crop processors, and consumer is to face losses due to
contamination with mycotoxins (Alvarado et al, 2017). Ajmal et al, (2022) confirmed this
as they reported the economic losses in Pakistan. They reported that the Elevated levels
of aflatoxins in frequently used goods made in Pakistan, are an important concern for
food safety, presenting grave health hazards to the populace. Aflatoxin poisoning also
limits the amount of these goods that can be exported, which results in financial losses
(Ajmal et al, 2022).

Among the direct losses is the increase in veterinary costs and reduced livestock
production (Alvarado et al, 2017). Gallo et al (2015) noticed that in processed animal feed
if an ingredient is contaminated the completely feed batch could be contaminated. This is
confirmed by Kovalskv et al, (2016), who reported that the spoilage could exceed the
batch to reach the whole shipment if a feedstuff iscontaminated. Furthermore, this could
result in spoilage of other shipments as the transporting method could be described as
fungi contaminating sources (Kovalsky et al, 2016). This deterioration influence has
repercussions on the global trade of food material and the exchange of animal processed

feed and animal feed components as reported by Kovalsky et al, (2016).

In Palestine, the researches on aflatoxin's existence in food and feedstuff are very limited.

According to Ahmad (2020) this topic is new in the field of research in Palestine, where
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he stated this by reporting that:” This is the first study in Palestine on account of AFB1
in these food staff” (Ahmad, 2020).

The economic repercussions of aflatoxin contamination extend beyond the agricultural
sector, affecting entire economies, especially in developing regions. Contaminated crops
result in reduced market value, limiting trade opportunities and discouraging investments
in agriculture. For example, losses in African agricultural exports to Europe due to
aflatoxin contamination are estimated to reach $670 million annually. Furthermore, the
costs incurred by livestock farmers increase due to contaminated feed, which reduces
animal productivity and necessitates higher veterinary expenses. Climate change
exacerbates these economic impacts, as rising temperatures and variable rainfall promote
aflatoxin-producing fungi, leading to increased contamination and reduced crop yield.
Such climate-induced losses may result in even greater economic instability in vulnerable
regions, underscoring the importance of aflatoxin management and regulatory policies to
safeguard both health and economic growth.

2.5 Main component of animal feed

In ruminants, grain and cereals are not essential part of feed in all cases as reported by
Makkar and Beever (2013), who mentioned that remenant can produce without including
grain and cereals in the feeding diet, therefore these components could be dispensed and
substituted with other components, while, at the same time, the efficiency of animal
production increases highly when the grain is included in the diets (Makkar and Beever,
2013).

This increase in production and enhanced efficiency raises the net review for the farmers
and makes livestock farms more profitable (Makkar and Beever, 2013). However, the
feeding costs are forming almost two — thirds of the production costs (Guerre, 2016).
Under the The amount of nutrients required for livestock is known after the report of US
National Research Center (NRC) first report regarding swine (Guerre,2016). Since those
regular reports for the upgrade are published. The most spread recommendations around
the world to define the nutrient requirements of poultry are those released by (NRC) 1994
report (NRC, 1994). But at the same time, there is a need for the upgrade of these reports
as reported by (Applegate and Angel, 2014). Indeed in different countries, many tables
are showing the composition of the ratio and the nutrient values of the feed materials,
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which could be used to upgrade and complete the (NRC) recommendations (Kynt&ja et
al, 2014). As published by Ravindran (2013) the feeding requirement which is based on
nutritional requirements varies according to age; stage of production; and animal species.
These factors define the ration composition (Ravindran, 2013). The main component of
the ration is the energy source materials, in the specific growth stage of ducks and geese
it can raise up to 99% (Arroyo et al, 2016). The main cereal crop used in animal feed is
corn. It is used mainly as a source of energy (Guerre, 2016). Corn is forming 50 — 80%
of the animal diet in the USA as well as in Europe (Ravindran, 2013). While in Africa
and Asia the percentage is less, since low corn is produced (Ravindran, 2013), and the
price of imported corn is high for the farmers. Therefore, corn is forming a lower
percentage in the diet as it is imported, as published by (ITC, 2017). Around the world,
the major producers of corn are USA and Brazil, while the major importers are Japan and
Mexico (ITC, 2017).

During the transportation of corn, the humidity plays a direct factor in the possibility of
contamination with mycotoxins, where it may favor the increment of aflatoxin
concentration in the grains or feed products (Kana et al, 2013). As mentioned, the
percentage of corn in the diet is low in Africa and Asia. Therefore, alternatives of corn
are used and corn is not widely used. Pearl millet is an alternative that is widely known
as an energy supplier source for poultry, especially in areas with hot temperatures with
drought as in India (Batonon et al, 2015). During the production process, there is the by-
product as: rice bran; wheat feed, corn gluten...etc. The use of these by-products is
increasing in feeding animals (Hazzledine et al, 2011). Usually, these compounds are rich
in fibers with energy content, therefore it is rarely used in poultry feeding, even though it

is used in some rations with percentages reaching 10 — 15% (Stein and Shurson, 2009).

True lipids and oils are very rich in fats which are concentrated energy forms (9 kcal/g in
general), but due to the very high cost of using fats and oils as an energy source in
livestock diets, in addition to the rancidity risks usage is limited to 2-5% only (Bai&o and
Lara, 2005).

In response to high costs and sustainability concerns, alternative feed ingredients are
being increasingly adopted. For instance, sorghum and millet serve as cost-effective

substitutes for corn, particularly in hot, arid regions where corn production is limited.
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These grains provide a reliable source of energy and are drought-tolerant, making them
valuable for areas like Palestine, where water scarcity affects crop choices. Similarly, by-
products from the milling industry, such as rice bran and wheat feed, are used as
supplementary components. Though rich in fiber, these by-products are generally limited

in poultry diets due to lower digestibility and energy value compared to grains like corn

2.5.1 Protein supplier grains

The second main component of animal feeding diets is the grain which supplies protein
as soybean. These grains are the second component (second largest) of these diets (Wu,
2014). It is used to supply amino acids to animals, and the supplementation of amino
acids is a common practice in the animal feed process. Both essential amino acids and
non-essential amino acids are supplied together. This is to avoid the convert of basic
essential amino acids into non — essential amino acids to substitute the shortage if the
non-essential acid is not supplied in the diet. To prevent this conversion both types of
amino acids are supplied during the feed processing stage (Wu, 2014).

Soybeans are among the most significant crops grown worldwide is soybeans, a kind of
legume with East Asian origins. Soybeans are essential to the world's food supply since
they produce about half of the protein and vegetable oil produced globally. Vegetarians
and vegans frequently utilize soybeans in place of animal protein sources due to their high
protein level. Furthermore, it is commonly known that soybeans, their byproducts, and
processed byproducts are abundant suppliers of phenolic compounds, particularly

isoflavones (Calori-Domingues et al, 2018).

Soybean meal is the widest used grain as a source of protein mainly in poultry diets (Beski
et al, 2015). Soybean meal is high in protein content, where it contains 40- 50% of its
weight as crude protein. This percentage is affected by the removed hulls and the
procedure of oil extraction (Beski et al, 2015). This is supported by the findings of
Hulshof et al. (2016), who reported that despite the presence of anti-nutritional elements
in soybean meal soybean is still used up to 30% in the complement of diets that is cereal-
based (Hulshof et al, 2016).

Rapeseed, sunflower, and canola meals are further oil extraction process byproducts.

These byproducts can be included in animal diets as a source of protein as indicated by
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Choi et al, (2015). Considering its nutritional value, rapeseed has a lower nutritional value
than soybean. This is due to the lower protein content of rapeseed, and the fiber content
is higher, in addition to the fact that rapeseed contains anti-nutrients (Lomascolo et al,
2012). If rapeseeds are used in the animal diet to supply protein as an alternative to
soybean it should be less than 10% of the diet as suggested by (Kaminska, 2003), or the
proteins content should be substituted from other source.

Mejicanos et al, (2016) suggested that, canola could be used in animal feeding diet
processing, where it is another grain with good protein content, therefore, this crop is
possibly used in animal feeding as a protein source in the diet. Canola was developed
during the 70s of the last centuries, during a plant cross-breeding process which was
conducted aiming to remove glucosinolates in addition to removing erucic acid from
rapeseed (Mejicanos et al, 2016). However, animal performance is affected if canola

substitute more than 50% of soybean in the diet (Mejicanos et al, 2016).

To meet the protein requirements, protein from animal sources like fish meal is possibly
to be used to balance the protein content. This is especially in young animals feeding
diets, where the animal protein-building processes in this stage require high quantities of
amino acids. However, due to the high costs of this protein supplier, the rate of use of this
source is limited and low (Ravindran, 2013). As the major component of animal diets are
coming from grain, which is subjected to the risk of contamination with aflatoxins and
other mycotoxins. Table (2) shows the normal percentage of most used grains in poultry
diets. The possible risk of contamination with mycotoxins attached to each component is
presented in table (3).

Table 2
Grains as a component of poultry diets
Grain crops % in Diet

Millet, Corn, Sorghum 0-60%
Wheat, barely up to 30%
Oats 0-90
Rice less than 30%
Cereal by-products 0-30 %
Soybean meal 0-40 %

Source: Guerre 2016
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Table 3
Risk of mycotoxin contamination of diets component

Raw Material Mycotoxins "
Cereals: o ) ]
Usually, weak contamination with aflatoxins
Wheat, Barley, Oats
Rice The contamination risk with aflatoxins is high.
Corn High risk of aflatoxin contamination
sorghum Millet Similar to corn with a lower rate of contamination

Lipids as energy sources )

] ) Usually very low risk.
such as animal fats or Qil
Soybean Low to medium risk of contamination.
Rapeseed, Sunflower meal, ) ) )

Indirect evidence for the presence of Aflatoxins

and canola meals
Cotton seed meal High level of Aflatoxins

Animal protein Rare to very low contamination.

Sources: Adapted from Guerre, 2016

In addition to soybean, several alternative protein sources are utilized to balance the
amino acid profile in animal feed. Rapeseed, sunflower, and canola meals, by-products
of the oil extraction process, serve as viable options for supplying protein when soybeans
are limited or costly. Rapeseed meal, though lower in protein than soybean, is used in
certain regions, albeit with limitations due to its higher fiber content and presence of anti-
nutritional factors. Research suggests that while rapeseed can replace soybean partially,
it is generally advised to keep its inclusion rate below 10% of the diet to avoid adverse

effects on animal growth and feed efficiency

2.6 Regulations on the maximum level of aflatoxins

The global consideration of the maximum levels in agricultural products is taking into
account the resistant nature of mycotoxins to the main food processing practices like
milling (Adeola & Kong, 2014).

In many countries around the world, there are regulations restricting the maximum levels
of mycotoxins concentrations in the food or feed raw and processed materials. At the
same time, there are no complete regulations for all mycotoxins (Alvarado et al, 2017).

The most regulated mycotoxins are Aflatoxins and some other types of mycotoxins.
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Those types have demonstrated health risks and toxic effects on both humans and animals
(Alvarado et al, 2017). These regulations consider many factors when defining the
maximum limits of the allowed concentration level of mycotoxins in food and feed.
Among but not all of the considered factors are: the nature of the agricultural goods and
products; the type of use; the age and growth period of the livestock that is subjected to
consume the processed feeds (Alvarado et al, 2017).

Different countries around the world adopt national standards regarding the acceptable
levels of concentrations of different contaminants. Part of these acceptable levels is the
concentration of aflatoxins in human food or animal feed (or in feeding components). The
regulations are mainly relying on American or European regulations. The major
differences are in the type of classifications whereas in the US guidelines the
classification is based on the animal's kind and age. While in European regulations the
classification considers the feeding materials together with the animal kinds. In the Food
and Drug Administration, the upper limit of the allowed concentration of aflatoxins in
most of the used grains is 20 parts per billion. Table (4) gives an example of the guidelines
of both the American and European regulations regarding aflatoxin. In this example, the
difference is found mainly in the allowed concentration for dairy animals, and small

animals.

Table 4

Example of the maximum allowed levels of aflatoxin concentrations in EU and US

Grain Animals Aflatoxin Level

(Parts per billion)

us European

Corn, ) )

Diary animals 20 5
Peanut

Animals not listed or unknown uses 20 Not listed

cattle, sheep, goats. not listed 20

immature animals 20 ppb Not listed

Calves and lambs 10

Sources: adapted from Alvarado et al, 2017
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As shown, the maximum levels (MLs) recommended for aflatoxin Bl (AFB1)
concentration in corn is 20 (ug kg—1) for corn, however, the MLs are different according
to the factors mentioned earlier. For example, EFISC (2015) explains the maximum levels
of corn as the following:

_ Corn passes through treatment (either physical or sorting) before human direct
consumption or before being an ingredient in foods. The maximum allowed level of
aflatoxin B1 concentration is 5 (ug/kg). At the same time, the sum of aflatoxins (B1+
B2+ G1 + G2) is less than 10 (ug/kg).

If the concentration of Aflatoxin B1 is between 2 — 5 (ug/kg) and the sum of other
aflatoxins is 4 — 10 (ug/kg) in a shipment of corn. The shipment must be labeled to

show the existing concentrations and showing the possible risks.

Before the production of foodstuff that contains corn, the aflatoxin B1 concentration must
be reduced to less than 2 (ug/kg) and the sum of aflatoxins is less than 4 (ug/kg). (for
instance, the reduction could be achieved by mixing with uncontaminated corn).
Maximum limits for aflatoxin B1 in food materials are specified at 2,0 ppb, in the same
time the total of aflatoxin B1+B2+G1+G2 for any food or feedstuff for corn and any
product that contains corn is 4,0 ppb. While for animal feeding the maximum level of
aflatoxin concentration 20,0 ppb, for diary and young animals, the maximum
concentration level is 5,0 ppb. This includes the goods that processed corn is an ingredient
in it (EFISC, 2015). In this study, Blonski, Wojciech, David S. Kotlyar, and Kimberly A.
Forde, (2010) The most specific and sensitive analytical method for this purpose is liquid
chromatography-tandem mass spectrometry, using stable isotope-labeled isotopes of
AFB1-FapyGua and AFB1-N7-Gua as internal standards. As internal standards, cis-
AFB1-FapyGua-15N5, trans-AFB1-FapyGua-15N5, and AFB1-N7-Gua-15N5 have all
been synthesized and effectively employed. Nevertheless, neither commercial nor
scholarly sources are currently offering these criteria. As a result, it is still difficult to
collect quantitative genomic data on AFB1-induced DNA damage in animal and human
models (Medina et al., 2014).

This study examines the data that is currently available on the possible effects of
important environmental parameters and how they interact with Aspergillus flavus's
molecular ecology, growth, and production of aflatoxin in maize grain in vitro. Recent

research on the effects of temperature and water activity on the biosynthesis of aflatoxin
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and the formation of phenotypic aflatoxin is reviewed. These have demonstrated a direct
correlation between aflatoxin B1 synthesis and the relative expression of important
structural and regulatory genes under various environmental circumstances. A model that
incorporates the relative expression of ten biosynthetic genes in the pathway, growth, and
the formation of aflatoxin B1 (AFB1) has been constructed and validated under
conditions of increasing temperature and water stress. The result for the first time, the
effects of the interacting conditions of aw x temperature x high CO2 (2x and 3x current
levels) are outlined. This shows that although these interacting environmental factors
have little influence on growth, they can greatly enhance the production of AFB1 and
have a major impact on the expression of the genes involved in the biosynthesis of
aflatoxin (structural afID and regulatory afIR genes). The combined effect of these three
abiotic factors affects the generation of mycotoxin, even though each factor alone has
some effect. This method offers the data required to forecast the actual effects of climate
change on mycotoxigenic fungus (Calori-Domingueset et al., 2018).

Four states in Brazil provided samples from commercial lots used in this investigation.
An HPLC-FLD analysis was performed to determine the distribution of mycotoxins in
soybean fractions based on their commercial grading system: whole kernels (WK), split,
broken, and crushed kernels (SBCK), damaged kernels (DK), heat damaged and burned
kernels (HDBK), moldy kernels (MK), greenish kernels (GK), and foreign material +
impurities (FMI). In 43.3 and 80% of cases, respectively, AFB1 and ZEN tested positive.
MK had the highest incidence of AFB1 (50%), followed by HDBK (30.4%) and FMI
(26.0%). The incidence of ZEA varied between 69% (SBCK) and 100% (HDBK).
Additionally, co-occurrence (53.3%) in a minimum of one fraction was noted. Brazil is

the second-largest soybean producer in the world.

Aflatoxin regulations vary across regions, reflecting differences in local agricultural
practices, consumption levels, and environmental conditions. In the European Union, for
example, the maximum level for aflatoxin B1 in grains intended for human consumption
is set at 2 pg/kg, with a combined total for aflatoxins (B1, B2, G1, and G2) at 4 ng/kg,
while higher limits are applied to feed materials. In contrast, the U.S. Food and Drug
Administration permits up to 20 parts per billion (ppb) of aflatoxins in most feed grains,
with a stricter limit of 5 ppb for dairy products to prevent transmission into milk. These
regulatory frameworks highlight the emphasis on protecting vulnerable populations, such
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as young children and dairy consumers. However, developing countries often face
challenges in enforcing aflatoxin limits due to limited resources and infrastructure,

resulting in higher exposure risks for local populations.
2.7 Impacts of Climate Change on Mycotoxin Contamination

The relationship between climate change and the prevalence of mycotoxin contamination
in crops has garnered increasing attention in recent years. Rising global temperatures,
along with fluctuations in humidity and rainfall patterns, have created more favorable
conditions for fungal growth, particularly for Aspergillus species that produce aflatoxins.
Studies have shown that extreme weather events, such as droughts followed by intense
rainfall, can stress crops and make them more susceptible to fungal colonization and
mycotoxin production (Medina et al., 2014). In regions like Palestine, where agricultural
production is critical for food security, these environmental changes can have serious

implications for both crop yield and quality.

Research indicates that aflatoxins, particularly aflatoxin B1, are more likely to
contaminate crops in warmer climates. The shift in global climate conditions has led to
higher incidences of aflatoxins in areas that were previously less affected, thereby
broadening the geographical scope of contamination risks (Wu et al., 2011). This
highlights the importance of monitoring and regulating aflatoxin levels in agricultural
products, especially in regions like Palestine, where the agricultural sector is highly
vulnerable to climate-related disruptions. Understanding the complex interaction between
environmental factors and mycotoxin production is crucial for developing strategies to

mitigate the risks associated with aflatoxin contamination in food and feed.

The influence of climate change on mycotoxin contamination has gained critical attention
as global temperatures and carbon dioxide levels continue to rise. Studies have shown
that elevated temperatures and increased drought frequency create conditions that favor
the growth of aflatoxin-producing fungi, particularly Aspergillus flavus. Research
indicates that extreme weather, such as prolonged droughts followed by heavy rains, can
weaken crops, making them more susceptible to fungal infection and mycotoxin
production. Aflatoxin B1 contamination is particularly concerning, as warmer and more
humid environments accelerate its biosynthesis, amplifying health risks associated with

contaminated food and feed. In regions like Palestine, where agriculture is integral to food
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security, these climate-induced risks necessitate proactive monitoring and mitigation
strategies to ensure food safety and reduce potential economic impacts on the agricultural

sector.
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Chapter Three
Methodology

3.1 Study area and samples collection

A cross-sectional study was conducted in Jenin, Nablus, Tulkarm districts. The study
targeted measuring the aflatoxin B1 concentration in both corn and soybean in the siloes
of animal concentrate feed processing factories in the three districts. The study included

5 factories in Jenin, 7 factories in Nablus, and 8 factories in Tulkarm.

Due to its contribution to the Gross domestic product (GDP) and the employment
opportunities it offers to the labor force, the agricultural sector is one of the most
significant parts of the Palestinian national economy. Because it provides meat and milk
and accounts for 39.1% and 45% of agricultural revenue, respectively, livestock is a vital
part of the agricultural industry. Small ruminants are regarded as one of the most
significant parts of the livestock sector when it comes to the overall contribution of the
agricultural sector to the national income, as sheep and goats are crucial to animal
production and serve as its backbone and main nerve because of Their social and
economic significance to Palestinian farmers, keep in mind that there are 25,311 cattle,
177,401 goats, and 541,299 sheep in Palestine.

Two composite samples of 1 kg from each source were collected from each factory. The
first sample was corn, while the second was soybean. The sample were collected from
different locations in the feed silos, then the grains were mixed well, and the composite
sample was packed and stored in cold dark container and transferred to the lab for

analysis.
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Figure 2
The geographical location of the study implementation within the red circle: Nablus, Jenin,

Tulkarm
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Figure 3
Collecting three corn and beans expected from the feed silos




Figure 4
Determination of aflatoxin B1 concentration in samples
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3.2 Enzyme-linked immunosorbent assay (ELISA)

Quantitative AFB1 in the samples was analyzed using competitive direct enzyme-linked
immunosorbent assay (ELISA) of commercial ki RIDASCREEN® Aflatoxin B1 30/15
Kits according to the manufacturer’s instructions. Samples were dried and brought to
room temperature and grinded. Five gm of the sample powder was mixed with 25 ml
methanol (70%). The mixture is strongly shaken for three minutes. Then it was extracted
using filter paper (Whatman No. 1 filter paper). The extract was diluted with 1 ml of the
filtered extract and 1 ml of distilled water (1:1 ratio). In each ELISA plate, 50 pl of the
diluted extract and 50 pl of the supplied conjugate were placed in each well. Following
this, 50 pul of antibody was added to each well and mixed slowly by shaking the plate and
incubating for 30 minutes at room temperature. The extract was poured out of the wells,

the micro-wells holder was tapped upside down against absorbent paper vigorously to
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ensure the complete removal of extract from the wells. The wells were washed with 250
ul of the washing solution two times, then 100 pl of substrate/chromogen is added to each
well. Mixed gently by shaking the plate manually. 100 pl of stop solution is added to each
well and incubated for 15 min. In order to measure the absorbance, the spectrophotometer
is used at 450 nm. The measured optical density and the concentration of aflatoxin B1
has a reverse proportion.

Figure 5
Preparation Sample of kits through ELISA
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Figure 6
Sample inspection process

3.3 Relative humidity data

The data on relative humidity in the three districts were collected from the department of
climate change monitoring in ministry of agriculture, and the Palestinian meteorological
department. Both sources have similar data, for that in the calculations the study used the

data of meteorological department as cited in the references.

The data is for the outside air relative humidity, which reflect the conditions in the siloes
surrounding environment, however as the siloes are not sealed, and the air is entering the
siloes from outside, it is assumed that the air relative humidity inside the siloes is similar
to the outside humidity.

3.4 Statistical analysis

Standards with aflatoxin concentrations of zero; 1; 5; 10; 20,50 ug/kg were prepared, and
measured for the generation of the standard curve. The Optical Density (O.D.) was
divided with the O.D. of zero concentration standard to obtain the absorbance percentage:

The optical density (OD) values of the standards and the samples were normalized to the
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mean OD value of the zero standards. The percentages of the absorbance values that were
obtained for the standards and the samples were plotted on semi-logarithmic graph paper,
against the concentration of the AFB1 standard in pg/kg (Figure 1). The Analysis of
Variance (ANOVA) was used for the comparison of the average of AFB1 (ug/L) in the
different foodstuffs and the cities. The results were considered statistically significant at
p < 0.05. Absorbance standard (or sample)/ absorbance zero standard x 100 = %

absorbance.

On semilogarithmic graph paper, the results of the standards % of absorbance (the results
of computation) versus aflatoxin concentration were displayed. From the results of
standard curve, the concentration of aflatoxin B1 present in the samples was identified
and tabulated. The measured concentration of aflatoxin in both corn and soybean was
statistically analyzed for the differences between groups (different districts) and inside

the same group.

32



Chapter Four

Results

To guarantee the validity of results calibration curve was established.

Figure 7
The calibration curve of 0;1;5;10;20;50 pg/kg aflatoxin to the normalized % of absorbanc
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Figure 7 shows the calibration of standards of fixed aflatoxin concentration versus their
optical density absorbance after normalization to the zero standard (O.D.) according to

the following formula:

Standard O.D.
% absorbance= T 7a0 0D 1

As the calibration curve was set, the concentration of aflatoxin B1 was determined

directly from the curve.

4.1 Corn results

The results of aflatoxin concentrations in corn in the different districts are shown in (table
5). The results showed evidences of aflatoxin contamination in corn crop in the samples

collected from the three districts.

The results showed that, aflatoxin concentration in Nablus district was ranging from 0.05
mg/kg — 0.6 pg/kg with an average equal to 0.336 pg/kg. While the concentration of

aflatoxin in the samples collected from Jenin district was ranging from 0 — 1 pg/kg with
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an average of 0.36 pg/kg. In the same times results of aflatoxin concentration in the
samples collected from Tulkarm have the range of 0.2 — 2.8 pg/kg, with an average of
0.688 pg/kg with 95% confidence interval, and standard deviation ranging from 0.201 —
0.89 ug/kg with an average standard deviation of 0.604 pg/kg. The results of statistical
analysis of the results, and the measured aflatoxin concentrations are presented in (Table
5 and 6) and (Fig. 7 and Fig 8).

Table 5
Aflatoxin concentration in corn samples in Jenin, Nablus, and Tulkarm districts (ug/kg)

95% Confidence Interval for

N Mean Deviation  Error
Lower Bound Upper Bound
Nablus 7 0.3357  0.20148 0.07615 0.1494 0.5221
Jenin 5 0.36 0.38471 0.17205 -.1177- 0.8377
Tulkarm 8 0.6875  0.89032 0.31478 -.0568- 1.4318
Total 20  0.4825 0.60465 0.1352  0.1995 0.7655
Table 6
Aflatoxin concentration in corn samples in Jenin, Nablus, and Tulkarm districts (ug/kg)
Nablus Jenin Tulkarm
Sample oD % conc oD % conc OD % Conc
1 2.095 84 0.6 2.5 100 0 2.141 85 0.6
2 2.266 90 0.3 2.07 83 04 1.697 68 2.8
3 2.364 94 0.2 1995 80 1 2.415 96 0.2
4 2.163 86 0.5 2.38 95 02 2318 93 0.2
5 2.45 98 0.05 2352 94 02 2213 88 0.4
6 2.144 86 0.5 2.393 96 0.2
7 2.336 93 0.2 2.417 96 0.2
8 2.038 81 0.9

1. (OD): Optical Density reading.
2. (%): the relative percentage (OD of the sample/ OD of the zero-concentration reading).

3. Conc: the calculated aflatoxin concentration from the calibration curve.
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The analysis of aflatoxin B1 concentration in corn samples from Jenin, Nablus, and
Tulkarm highlighted significant contamination across all districts, with varying levels that
reflect regional storage and climatic conditions. In Tulkarm, the concentration levels were
notably higher, averaging 0.69 ug/kg, compared to 0.34 pg/kg in Nablus and 0.36 pg/kg
in Jenin. This trend may be associated with the higher humidity levels in Tulkarm during
the summer months, which can enhance fungal growth and aflatoxin production.
Statistical analysis confirmed that while there were no significant differences in
contamination levels between districts at a 95% confidence level, Tulkarm's mean values
were consistently higher, indicating a potential hotspot for aflatoxin contamination. These
findings underscore the importance of climate-controlled storage and regular monitoring,

especially during the humid months, to minimize aflatoxin risks in corn.

Figure 8

The average of aflatoxin concentration in corn in Jenin, Nablus, and Tulkarm districts (ug/kg)

Aflatoxin concentration in corn

Concentration ug/kg
© © © o o o o o
= N w EaY [9,] [e)] ~ [0¢]

o

Nablus Jenin Tulkarm

35



Figure 9
The results of measured aflatoxin B1 concentration in corn (ug/kg), in Nablus, Jenin, and

Tulkarm districts
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As it is shown in the figure, the district overall value of the average concentration of aflatoxin B1
differs from district to other, where in both Jenin and Tulkarm the value of the overall average
was close, compared to Nablus. In the same time, The results of statistical analysis of corn samples
show that there is no significant differences in concentration between the three districts at
confidence level of 95% (a = 0.05) as presented in table 4.3.

Table 7
ANOVA results of aflatoxin B1 concentration in corn samples of Nablus, Jenin, and Tulkarm

districts

ANOVA results of aflatoxin B1 concentration in the samples of the districts
Ha/kg

Sum of ]
df Mean Square F Sig.
Squares
Between Groups .562 2 281 748 488
Within Groups 6.384 17 376
Total 6.946 19
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4.2 Soybean results

The results of samples analysis for aflatoxin B1 concentration in soybean samples in
Jenin, Nablus, and Tulkarm reveal that contamination with aflatoxin was found in the
samples collected from the three districts with variations in the concentrations as
presented in (Table 8), but at the same time these variations are not significant as the
statistical analysis reveals (Table 9.). As the results show, the standard deviation was
ranging from 0.33 — 1.01 pg/kg with a total standard deviation of 0.542 ug/kg for the

three districts at confidence level of 95%.

The comparison of aflatoxin B1 concentrations in corn and soybean samples across Jenin,
Nablus, and Tulkarm revealed regional differences that underscore the impact of local
environmental and storage conditions. Tulkarm consistently exhibited higher aflatoxin
levels in both crops, averaging 0.69 pg/kg in corn and 0.65 pg/kg in soybean, possibly
due to its higher humidity during storage seasons, which fosters fungal growth. Although
these variations were not statistically significant, they indicate a trend of increased
contamination in high-humidity districts. Conversely, Nablus showed the lowest aflatoxin
concentrations in soybean samples, with an average of 0.35 pg/kg, suggesting that its
relatively lower humidity may inhibit fungal growth and aflatoxin production.

Table 8
Aflatoxin concentration in soybean of the three districts (ug/kg)

95% Confidence Interval

Std. Std. for Mean
N Mean o

Deviation Error Lower Upper
Bound Bound
Nablus 7 3514 .36476 13787 0141 .6888
Jenin 5 .6400 1.01390 45343 -.6189- 1.8989
Tulkarm 10 4150 .33170 .10489 777 .6523
Total 22 4459 54164 .11548 .2058 .6861
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Table 9

The measured aflatoxin concentration (ug/kg) in soybean in Jenin, Nablus, and Tulkarm

Sample Nablus Jenin Tulkarm
oD % conc OD % conc oD % Conc

1 2111 84 06 1751 70 24 2013 80 1

2 2151 86 05 247 99 0 1.993 80 1

3 2304 92 0.2 2504 100 0 2267 90 0.3
4 2.499 100 0 2375 95 02 215 86 05
5 2.002 80 1 2103 84 06 2308 92 0.2
6 244 97 0.08 2464 98 0.05
7 2427 97  0.08 2417 96 0.2
8 2251 90 0.3
9 2182 87 04
10 2346 94 0.2

e (OD): Optical Density reading.
o (%): the relative percentage (OD of the sample/ OD of the zero-concentration reading).

e Conc: the calculated aflatoxin concentration from the calibration curve.

Table 10
The results of statistical analysis (ANOVA) for aflatoxin concentration (ug/kg) in soybean

samples in Jenin, Nablus, and Tulkarm districts

Mean ]
Sum of Squares df F Sig.
Square
Between Groups .260 2 130 419 .663
Within Groups 5.901 19 311

Total 6.161 21

The ANOVA results presented in (Table 10) indicate no statistically significant
differences in aflatoxin B1 concentrations among soybean samples from Jenin, Nablus,
and Tulkarm. Despite some variation in mean concentrations—0.64 pg/kg in Jenin, 0.35
pg/kg in Nablus, and 0.42 pg/kg in Tulkarm—the differences were not significant at the
95% confidence level (p = 0.663). These findings suggest that while environmental

factors like humidity and storage practices can influence aflatoxin levels, the source of
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the soybean, which is imported from similar suppliers, might contribute to the consistency

in contamination levels across districts.

Figure 10
The districts average value of aflatoxin B1 concentration (g/kg) in soybean samples
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In Jenin the concentration range was zero — 2.4 pg/kg with an average of 0.64 ug/kg,
while in Nablus the range was zero — 1 pg/kg with an average equal to 0.35 pg/kg. While
in Tulkarm it was ranging from 0.05 — 1 pg/kg with 0.42 pg/kg as an average. As shown
in (Figure 10)

4.3 Comparison of the districts

Aflatoxin was found in the samples of corn and soybean collected from the three districts

with different concentrations.

The minimum concentration of aflatoxin B1 in the samples was zero pg/kg, found in a
sample belongs to Jenin district samples, while the maximum aflatoxin B1 concentration
was 2.0 pg/kg in one of Tulkarm district samples. Results of aflatoxin in corn for the
three districts are shown in (Fig. 11, Appendix b). The comparative analysis of aflatoxin
B1 concentrations across Jenin, Nablus, and Tulkarm in both corn and soybean samples
reveals distinct regional patterns linked to environmental conditions and storage

practices.

Tulkarm displayed the highest average aflatoxin levels in corn, likely due to higher
summer humidity levels, which create favorable conditions for fungal growth.
Conversely, Nablus exhibited the lowest contamination, especially in soybean samples,
where concentrations ranged from 0 to 1 pg/kg, suggesting that lower relative humidity
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may inhibit aflatoxin production (Fig.12, Appendix b). This district-wise comparison
aligns with previous studies showing that regions with varied microclimates and storage
conditions experience different contamination risks. The overall contamination levels,
while within safety limits, underscore the importance of tailored monitoring strategies
based on local climate patterns to mitigate aflatoxin risks effectively. As the results show,
the differences in the aflatoxin concentration in corn samples are not significant, even
though, the mean differences are not statistically significant, but at the same time, the
highest mean differences are between Nablus and Tulkarm, therefore, the highest
concentration is found in Tulkarm, Jenin, and Nablus consequently as shown in table 11,

(appendix a).

In soybean samples, aflatoxin was found in the three districts with different
concentrations. The comparison between aflatoxin concentrations in the three districts is
shown in (Table 12 and Fig. 12). The results were ranging from a minimum of zero in
samples in Nablus and Jenin, to a maximum of 2.4 pg/kg in Jenin. From the comparison
between districts result it is clear that there is no significant differences between the three
districts, while it show that the mean differences are higher between Nablus and Jenin
compared to Nablus and Tulkarm. This shows that the highest district average is existing
in Jenin, as the means plot of aflatoxin B1 concentration in soybean shows (Fig. 12,

appendix b).

The average concentration of both corn and soybean according to the districts showed
that levels of aflatoxin in corn are lower than soyabean in both Jenin and Nablus, while
in Tulkarm the aflatoxin average concentration in soyabean is higher than corn. However,
when comparing the results of each crop inside the district (Table,12 appendix), the result
of means comparison shows that there are no significant differences in aflatoxin B1

concentrations between corn and soybean in the same district.

4.3.1 Relative humidity data

The data on relative humidity in the three districts (Fig.13) revealed that during the winter
period mid-October — mid April, Jenin has higher relative humidity than Tulkarm, while
during the hot periods in the summer the relative humidity in Tulkarm is higher. In Nablus

the relative humidity is the lowest in the three districts (Table 13, Appendix a).
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Chapter Five

Discussion

Contamination of animal and human feed with aflatoxin B1 represents a significant
challenge in nutrition and food safety, posing serious health risks and economic burdens.
Regular monitoring of mycotoxins like aflatoxin B1 in feed sources—whether directly
consumed by humans or indirectly through animal products—is essential for maintaining
food safety standards. In this study, the analysis of corn and soybean samples from three
Palestinian districts confirmed the presence of aflatoxin B1 contamination at varying
levels. The findings revealed that not all samples were contaminated; however,
contamination rates ranged from 60% to 100%, depending on crop type and district. This
variability underscores the influence of both crop type and local environmental conditions
on contamination levels. Factors such as humidity and storage practices in each district
likely contribute to these differences, suggesting a need for targeted interventions and

better storage practices to minimize aflatoxin contamination in animal feed.

5.1 Corn

The results showed that aflatoxin B1 was existing in all samples (except one sample from
Jenin), in other words its existence in the corn samples was 100% in the samples of
Nablus, 100% of Tulkarm, and 80% of samples of Jenin. The level of existence is
differing not only in the number of samples, but in addition in the concentrations.
However, the results of statistical analysis of aflatoxin concentration in corn samples from
different districts revealed that the concentration differences are not significant at 95%
confidence level. In addition to this existence in the samples, the concentration of
aflatoxin in corn samples is still in the accepted levels and below the maximum levels

according to both the European and the American guidelines.

Aflatoxin B1 concentration in some of these samples exceed 2 ug/kg, therefore, it should
be The results show an overall average of aflatoxin B1 concentration in corn samples of
the three districts is 0.482 pg/kg, and ranged from 0.34 pg/kg in Nablus to 0.69 pg/kg in
Tulkarm. This low concentration indicated a relatively low contamination. These low
concentrations of aflatoxin in the samples, reflect new contaminations, and therefore, the
concentration is subject to increase with time, if the environmental conditions in the silos

are appropriate to fungal growth, as the case in the three districts. In addition, the results
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agreed with the results of Abdallah et al (2016); Mnggawa et al (2016), and in the same
time, the results were similar to the results published by (Diedhiou et al, (2010) where,
aflatoxin concentration was below 1 pg/kg. At the same time, the results of this study
were much lower than those of (EI-Shanshoury et al, 2014) who found a concentration of
4400 pg/kg. Falade et al, (2022) reported concentration of aflatoxin as (in hundreds) in
samples from different African countries. The high differences between aflatoxin

concentration in the study area, and those in Africa could be referred.

5.2 Soybean

Most of the tested samples were contaminated with aflatoxin B1. In Jenin aflatoxin
existed in 60% of the samples, while it existed in 85.7% of the samples in Nablus, and

100% of the samples in Tulkarm.

As shown in the results the average levels of Jenin district were the highest (0.64 pg/kg),
while the lowest concentration (0.35 pg/kg) was in Nablus district, but in the same time,
the variations between the three districts has no significant differences, or in other words
the concentration of aflatoxin B1, is close in the three districts. This could be referred to
the source of soybean, where the processing factories import the seeds from the same
origin, while the microclimate conditions and the storing conditions reflect the low

variations in the local sites.

These results are still below the maximum allowed level as indicated by the European
union regulations which sets the maximum allowed concentration in soybean and nuts to
4 ug/kg (FAO, 2004). These samples are located in the labeling category; therefore, the
existing levels should be labeled according to (EFISC, 2015). The maximum level was
detected in Jenin samples (2.4 png/kg). The results agreed with the findings of (Adedeji et
al, 2017; Abia et al, 2017). As the results show, the level of contamination in soybean in

the samples didn’t significantly vary from those in corn results in the three districts.
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5.3 Comparison among districts

The results of statistical analysis show that there are no significant differences between
the three districts for content of aflatoxin B1 in corn samples. The highest average

concentration of aflatoxin in corn was found in Tulkarm district (0.6875 pg/kg).

The results showed significant differences in the average concentration of aflatoxin in
soybean according to the district. The highest concentration of aflatoxin was in Jenin
district. This could be explained by the differences in relative humidity as reported by
(CAST, 2003; FA0,2018). Jenin has the highest relative humidity (RH) according to the
long-term data of climatic parameters (PMD, 2023) among the three districts. At the same
time, the rate of existence in Jenin was lower than Tulkarm. In Jenin aflatoxin B1 was
detected in 86% of the samples, while it was in 100% of the samples of Tulkarm. The
results of corn, showed average concentration of aflatoxin in Tulkarm higher than Jenin.
These results indicated that aflatoxin content was influenced by the importing date rather
than the climatic conditions, the corn is harvested in late summer, where the where the
relative humidity in Jenin is higher than Tulkarm, in the same time, the crop is imported
in this period. These factors indicate that the contamination is related to the source and
importing date. This agrees with the findings of Niyibituronsa et al, (2018) who found
aflatoxin concentration in soybean less than 1 p g/kg. Niyibituronsa et al (2018) reported
that soybean is not favorable media for the production of aflatoxin. This confirms the
earlier findings of (Alvarado et al, 2017) what they found? However, the results of this
study showed that aflatoxin concentration in soybean was higher than that in corn under
the same factories except in Nablus district, but the difference is not significant at 95%

confidence level.

Concentration results were not in contradiction. It could be explained by knowing that
both corn and soybean are imported by the processing factories in the three districts from
Israeli sources, therefore, the original contamination level is the limiting factor for
aflatoxin presence. While storing conditions, and local climatic conditions could be
considered as the effecting factor during the next stage, as the fungal requirements of

climatic conditions.

The results indicated that the contamination started before the arrival to the storing sites,
where the samples were collected in a period close to the importing period. This is
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supported by the fact that aflatoxin is a by — product of aspergillus growth, therefore the
presence of aflatoxin in newly imported samples indicates a prior contamination of

aspergillus, which produced aflatoxin on the crops.

In the three districts both corn and soybean are imported from the same source Israel.
However, it is known that Israel is not a producing country i.e. the crops are imported
from a third country, and distributed. This explains that the average of the three district
was similar with some variations. Therefore, the existence is an indicator of the
contamination from the source, while the variations which are not significant are coming

from the microclimate differences in storing conditions.

The animal feed factories in the three districts make the rations (livestock feeds) by
grinding, mixing the imported crops with a specific percentage depending on the use. This
means that the storing period is short, and the existence of aflatoxin in the raw material if

present then it will result in having contaminated animal feeds.

The results revealed that the measured aflatoxin concentration in the samples, was below
the maximum accepted levels according to USA and EU regulations (Alvarado et al,
2017). These concentrations may increase during the storing period, because aflatoxin
and other mycotoxins are produced by fungi. For that aflatoxin is considered as an
indicator on the existence of the fungi. In the three districts, the climatic conditions are
favorable for the fungi growth (Pratiwi et al, 2015). Therefore, with polluted crops from
the source, the concentrations will increase. The rate of increase is affected by the storing

period.

The findings of this study highlight the significant presence of aflatoxin B1 in corn and
soybean samples across the three districts in Palestine, reflecting both local environmental
conditions and the broader challenge of mycotoxin contamination in agricultural
production. The variability in aflatoxin concentrations observed between Jenin, Nablus,
and Tulkarm can be attributed to factors such as differences in storage conditions,
humidity, and temperature, which are known to influence fungal growth and mycotoxin
production. These results are consistent with previous studies that have shown how
climatic factors, particularly in regions with warm and humid climates, exacerbate the
risk of aflatoxin contamination (Wu et al., 2011). Moreover, the presence of aflatoxins in

animal feed, even at permissible levels, raises concerns about the potential cumulative
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effects on livestock health and the potential for aflatoxin residues to enter the human food
chain. This emphasizes the need for stringent monitoring and control measures to mitigate
the risks associated with aflatoxin contamination, especially in regions like Palestine

where food security is already a critical issue.
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Chapter Six

Conclusions and Recommendations

6.1 Conclusions

The study confirmed that both corn and soybean in the three targeted districts (Jenin,
Nablus, and Tulkarm) were contaminated with aflatoxin B1. Although the majority of the
contamination levels were within the permissible limits, two samples—one corn sample
from Tulkarm (2.8 pg/kg) and one soybean sample from Jenin (2.4 pg/kg)—exceeded the
maximum allowed aflatoxin B1 levels, set at 2 pg/kg for corn and soybean by EFISC
(2015). Additionally, two other samples were within the “should be labeled” category,
which implies a potential risk if not monitored properly. These findings indicate that
while most samples met safety standards, there are still outliers that pose a threat to public
health and livestock.

The variability in aflatoxin levels across districts underscores the influence of
environmental factors, such as storage conditions and humidity, on fungal growth and
toxin production. This calls for stricter oversight of storage practices and greater
awareness among feed manufacturers about the risks associated with improper handling
and storage of feed ingredients.

6.2 Recommendations

Given the significant health risks posed by aflatoxin contamination, it is crucial to
establish a national monitoring and regulation program that focuses on both human
food and animal feed production. This program should cover not only feed factories
but also extend to monitoring animal products, ensuring that contamination risks are
minimized across the entire food supply chain.

As part of the nation's phytosanitary measures, random testing of imported animal feed
products should be conducted regularly. This will help identify and prevent the entry
of contaminated materials into the Palestinian market, particularly since a significant
proportion of animal feed ingredients are imported.

Further research is recommended to investigate the environmental and operational
factors that influence mycotoxin contamination in local conditions. Studies on climate
impacts, storage techniques, and fungal growth patterns will help provide a more
comprehensive understanding of how to prevent aflatoxin contamination in the future,
improving both public health and the productivity of the agricultural sector.
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Appendices

Appendix A
Tables
Table 11

Comparison between aflatoxin B1 concentration in corn samples in Nablus, Jenin, and Tulkarm

Dependent Variable: AFB1 concentration ( ug/kg)

LSD
Mean St 95% Confidence Interval

(I City (J) City Difference Error Sig. Lower Upper

(1-9) Bound Bound
Nablus Jenin -.02429- .35883 947 -.7814- 7328
Tulkarm -.35179- 31716 .283 -1.0209- 3174
) Nablus .02429 .35883 947 -.7328- 7814
Jenin Tulkarm -.32750- .34936 .362 -1.0646- 4096

Table 12

Comparison between aflatoxin B1 concentration in soybean samples in Nablus, Jenin, and
Tulkarm

Dependent Variable: AFB1 concentration (ug/kg)

LSD
Mean 95% Confidence Interval

() City (J) City Differenc ;::)lr Sig. Lower Upper

e (1-J) Bound Bound
Nablus Jenin -.28857- .32631 .388 -.9715- .3944
Tulkarm -.06357- 27463 819 -.6384- 5112
Senin Nablus .28857 .32631 .388 -.3944- 9715
Tulkarm .22500 .30523 470 -.4139- .8639
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Table 13

Means comparison of corn and soybean for aflatoxin B1 concentration in Nblus, Jenin, and
Tulkarm

District Levene's Test for Equality of Variances
F Sig.
Nablus 3.253 0.096
Jenin 2.011 194
Tulkarm 2.419 139
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Figure 11

Appendix B

Figures

Results of mean plot for district averages Aflatoxin concentration in corn
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Figure 13

Long term relative humidity in Nablus, Jenin, and Nablus districts
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