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Abstract 
In the present study, A total of sixty feed samples poultry rations (20 each of growing, broiler and layer poultry feed) 
were collected from poultry farms. In addition of, the antifungal activity of zinc nanoparticles, curcumin and probiotic 
was detected. The Prevalence of Fusarium species and their toxins in poultry feed was evaluated. All examined samples 
gave variable rates of contamination, where, the higher incidence of Fusarium species was recovered from layers feed 
(45%) followed by broilers feed (30%) and starter poultry feeds (25%), respectively. The isolates of F. equiseti, F. poae 
and F. sporotrichioides produced a mean level 22.2±4.02, 18.23±1.76 and 40.0±0.0 ppm) of tricothecenes mycotoxins, 
respectively. While, the detected levels of zearalenone and zearalenole illustrated that F. equiseti produced zearalenone 
at mean level of 7.5± 1.62, while, F.poae and F. sporotrichioides produced both zearalenone and zearalenol at mean 
levels of  4.0± 0.0 ppm for each of Zearalenone and Zearalenol) and 6.6± 1.56 ppm for zearalenone and 4.0± 00 for  
Zearalenol, respectively. On the other hand, the minimal inhibitory concentration (MIC) of Zinc nanoparticles (ZnNPs) 
for F. equiseti, F. poae and F. sporotrichioides were 400, 400 and 600 μg /ml, respectively. As the concentration of Zn 
NPs increased, the viability and colony count of fungus decreased. The antifungal potentials of curcumin and probiotic 
in inhibition the growth of mycotoxigenic Fusarium sp. revealed that the MIC of curcumin and probiotic were 1% in 
each. It is interesting to report that the MIC of Zn NPs for toxigenic Fusarium species was decreased to 100 μg /ml when 
combined with curcumin or probiotic (0.25% for each). These results are essential to avoid the toxicity of Zn NPs addi-
tion in animal feeds. Whereas, the evaluation of these antifungal agents in inhibition of Fusarium mycotoxins production 
in commercial feed indicated that the metal nanoparticles and herbs as curcumin and probiotic can be assed together in 
poultry feed to avoid the addition of high doses of Zn NPs. Otherwise, these cause the use of safe and fare doses from 
toxicity of nanomaterials to animal and poultry. 
 

Keyword: Trichothecenes, Zearalenone,  Fusarium sp., Zinc nanoparticles,  rations, Curcumin, Probiotic.   

1. Introduction 
Nearly every food or feed commodity can be contami-
nated by fungal organisms and many of these fungi are 
capable of producing one or more mycotoxins, which 
are toxic metabolites of concern to human and animal 
health. The contamination of harvested crops with my-
cotoxins is a worldwide problem especially in tropical 
regions, where, up to 80% of the crops are reported to 
contain significant amounts of mycotoxins (Refai and 
Hassan, 2013 and El-Hamaky et al., 2016).  
Several species of the genus Fusarium are responsible 
for destructive action and results in very economically 
important diseases of cereal crops and the  climatic  con-
ditions that favor the development of the fungi caused 
the fungal infections reached epidemic incidence 
(McMu-llen et al., 1997). Various studies recovered 
different genera of mold including Fusarium species 
from feed as F. moniliforme, F. tricinctum, F. solani 
(Ragheb, 1994 and  Jand and Singh, 1995). However, 
Hassan and Omran, (1996) detected that the Fusarium 
species predominantly isolated during winter season 
from feed. However, Fusarium produces three of the 
most important of mycotoxins, such as fumonisins, 

trichothecenes or zearalenone, and produce other emerg-
ing mycotoxins as well as fusaproliferin, beauvericin, 
enniatins and moniliformin (Waalwijk et al., 2017). On 
the other hand, the trichothecenes mycotoxins are sec-
ondary metabolites produced by some Fusarium species 
as (F. sporotrichioides, F.oxysporum, F. equiseti, F. 
poae and F. graminearum).The produced trichothecenes 
are mainly T2, deoxynivalenol and nivalenol (Ueno, 
1983, Sohn et al., 1999 and Hassan et al., 2010 a and 
b). While, zearalenone and the fumonisin B1 (FB1) are 
commonly produced by F. graminearum and F. spo-
rotrichioides( Molto et al., 1997 and Scumadore and 
Patel, 2000).  The use of antimicrobial agents directly 
added to foods or through antimicrobial packaging is 
one effective approach. The resistance to many of the 
antifungal agents now in use has emerged and seems to 
create a huge problem ,while the number of fundamen-
tally different types of antifungal agents that are availa-
ble for treatment remains extremely limited. 
Therefore, there are high significant demands to investi-
gate new antimicrobial agents for controlling the infec-
tions caused by Fusarium sp. and their toxins. Recently, 
nanotechnology has been used in pharmaceutical indus-
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tries to find new antimicrobial agents (Gajjar et al., 
2009). Furthermore, several studies evaluating the anti-
fungal activity of metal nanoparticles ―of the least haz-
ards to the environment‖ in culture media particularly 
Zn NPs (Hassan et al., 2015a and 2017).  On the other 
hand, the herbal plants as curcumin has been widely 
used throughout history for the treatment of diverse ail-
ments that include inflammatory conditions, gastrointes-
tinal disorders, and cancer (Goel et al., 2008). Moreo-
ver, curcumin is known for its antioxidant properties and 
acts as a free radical scavenger by inhibiting lipid perox-
idation and DNA oxidative damage (Jayaprakasha et 
al., 2006). Also, when the probiotics were administered 
in adequate amounts as antimicrobial agents, (Reid et 
al., 2003 and Matthew et al., 2006).  In addition, a 
number of microbial products added to the feed may 
exert beneficial effects on livestock health and produc-
tion. These products are not attributed with specific nu-
tritional roles and are given the term 
`probiotics'. Lactobacillus acidophilus (Wallace and 
Newbold, 1992). Therefore, the present study was un-
dertaken to evaluate the prevalence of Fusarium species 
and their mycotoxins in feeds and detection the efficacy 
of zinc nanoparticles (Zn NPs) singly and in combina-
tion with curcumin or probiotic for inhibition the growth 
of mycotoxigenic Fusarium and degradation of their 
toxins in poultry feed. 
                                                        
2. Materials and Methods 
2.1. Feed samples: A total of sixty feed samples of 
poultry rations (20 each of growing, broiler and layer 
poultry feed) were collected from poultry farms. The 
animals in which suffered from symptoms of toxicity as 
diarrhea, refuse feed and loss of weight and sudden 
death may occur in some cases. Five hundred gram of 
each was collected in clean polyethylene bag and trans-
ferred to laboratory for further investigation.            
2.2 Antifungal agents. 
2.2.1. Zinc Nanoparticles. 
Synthesis and characterization of Zn NPs were kindly 
done by fund of Prof. Dr. H. H. Mansour, Head of Cen-
tral Laboratory of Elemental and Isotopic Analysis, Nu-
clear Research Centre, Atomic Energy Authority, Egypt. 
2.2. 2.  Probiotic vials: Each vial contains 1g of powder 
which consistes of: Lactobacillus plantarum 1X108 
CFU, Lactobacillus acidophilus1X108 CFU and Saccha-
romyces cerevisiae 1X107 CFU Carrier-skim milk up to 
0.5g. It was obtained from Sigma Chemical Company.  
2.2.3. Curcumin powder: were purchased from market 
of herbs in powder form ready for use (El Captin  com-
pany (CAP pharm), AL aboor city – Cairo – Egypt). 
2.3. Fusarium Mycotoxins standard solution for 
TLC: 
Mycotoxins standard of Trichothecenes (T2, DON, 
NIV), Zearalenone and  Zearalenol  were obtained from 
ALDRIK Sigma Chemical Company, St. LouisU.S.A) 
2.4 Isolation and Identification of Molds in Feed 
Samples 
One gram of each feed sample separately transferred 
aseptically into sterile tubes, to which 9 ml of sterile 
distilled water were added and tenfold serial dilutions 
were prepared (APHA, 2003). One milliliter quantities 

of the previously prepared serial dilutions were inoculat-
ed separately into sterile Petri dishes plates, and mixed 
with Dichloran-Rose Bengal Chloramphenicol agar 
(DRBC) or Sabouraud's dextrose agar (SDA) medium 
containing 0.05 mg of Chloramphenicol/ ml. The plates 
were then left to solidify and dry. The plates were incu-
bated aerobically, in the incubator at 25°C ± 1°C for 5 
days. The plates were read between 2 d and 5 d of incu-
bation. The identification of different species particular-
ly members of Fusarium species was carried out by ob-
servation of their macroscopic and microscopic charac-
teristics of molds colonies according to (ISO 21527/1, 
2008) and (Pitt and Hocking, 2009).  
2.5 Evaluation of The Mycotoxigenicity of Fusarium 
Recovered from Feed and Detection of mycotoxins:  
The recovered Fusarium species from the present feed 
samples were grown on PDA (Potato Dextrose Agar) for 
seven days, at 25ºC. Five hundred ml flasks, each con-
taining 100 g of finely ground yellow corn and 40-50 ml 
of sterilized distilled water was mixed and autoclaved at 
121 ºC for one hour. The flasks were shaken to prevent 
cooking of yellow corn. It was inoculated with spores of 
each Fusarium species and incubated for 4 weeks at 25-
28 ºC. Then the flasks were transferred to 8-10 ºC for 
additional 2 weeks (D'Mello et al., 1998). After end of 
incubation period, the corn was removed from flasks, 
dried, finely ground and 50 gm of each was subjected to 
Fusarium toxin extraction and measurement by thin lay-
er chromatography (Kamimura, et al., 1981; Bottalico, 
et al., 1983 and 1985). 
2.6. Evaluation of Antifungal Potential of Zinc Nano-
particles Against  Fusariumin sp. singly and in combi-
nation with probiotic and curcumin   Using Agar Dilu-
tion Method (Jin et al., 2009): 
5.6.1. Preparation of spore suspension of isolates 
(Gupta and kohli, 2003) 
Cultures of one week old of  Fusarium sp. isolates , the 
outer layer of growth were scraped  by sterile loop using 
sterile distilled water. These spores suspension were 
counted in haemocytometer slide considering the dilu-
tion factor and the spores count was adjusted 
to105spores /ml. 
5.6.2. Antifungal Potential of Zinc Nanoparticles 
against Fusarium sp. Using Agar Dilution Method 
(Jin et al., 2009): 
In a sterile petri dishes, a gradual concentrations ranged 
from 0-1000 μg / ml of zinc nanoparticles and 0.05 ml of 
105 spores of tested Fusarium sp. were added and over-
laid with SDA. The plate's contents were shaken over 
the table in rotate manner and incubated at 25-28 ˚C for 
3-5 days.  
2.6.3. Antifungal potential of probiotic and curcumin  
on the growth of Fusarium  by agar dilution method 
(Jeff-Agboola et al., 2012): 
The powders of probiotic and curcumin were added to 
sterile petri dishes at gradual concentrations (0.0.25, 0.5, 
1, 2, 3%) and 0.05 ml of 105 of tested Fusarium sp. 
spore suspensions. The contents of plates were mixed by 
shaking over the table, then covered with SDA  and re-
mained till  solidified. After solidification of agar, the 
plates then were incubated at 25-28 ˚C for 3-5 days.  
2.6.4. Antifungal effects of combination treatments of 
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Zn NPs with probiotic or curcumin for control of 
Fusarium on synthetic SDA (Gupta and Kohli (2003): 
Combination effects of Zn NPs, probiotic or curcumin 
were performed as the procedures of (2.6..2 and 2.6.3). 
With exception that the low doses of Zn NPs (100, 200 
μg/ml) were combined with lower doses of probiotic or 
curcumin (0.25, 0.5 %) to control Fusarium species. 
All plates were incubated at 25-28 ˚C for 3-5 days. 
Then, the MIC was determined which was the lowest 
concentration of  ZnNPs, probiotic and curcumin that 
completely inhibited and prevented the growth of 
Fusarium sp.  
2.7 Application of ZnNPs singly and in combination 
with probiotic or curcumin for control of Fusarium 
species growth and their toxin production on com-
mercial yellow corn (D'Mello et al., 1998 and Gupta 
and Kohli (2003): 
The same procedures as in (2.5., 2.6, 2.6.3., and 2.6.4.) 
were repeated using commercial yellow corn contami-
nated with toxigenic Fusarium instead of synthetic 
SDA. The total colony count of Fusarium was evaluated 
before and after treatment at 5 days and furthermore, the 
infected corn incubated for 4 weeks at 25-28ºC. Then 
the flasks were transferred to 8-10 ºC for additional 2 
weeks, then,  the corn as subjected to Fusarium toxin 
extraction and measurement by thin layer chromatog-
raphy (Kamimura, et al., 1981; Bottalico, et al., 1983 
and 1985.) 
2.8. Scanning Electron Microscopy of the treated 
microbial cells (SEM) (Gong et al., 2007): 
The morphological changes of Fusarium sp. which were 
treated by Zn NPs were observed with a scanning elec-
tron microscope (SEM). All the treated fungal spores 
added to separate tubes and centrifuged. The sediments 
of each was dehydrated separately through a graded se-
ries of ethanol (30, 50, 60, 70, 80, 90, and 100%), each 

level was applied twice for 15 min each time, then the 
ethanol: isoamyl acetate (3:1, 1:1, 1:3) and 100% isoam-
yl acetate applied twice for 30 min). The solutions in 
wells were dried with a critical-point drier using liquid 
CO2 and coated with gold-coater for 5 min. The coated 
samples were observed under SEM, Model (JSM- 5600 
LV) with accelerating voltage of 10 KV. 
 
2.9. Statistical analysis 
Data obtained were statistically analyzed for the mean 
and standard error of the mean as method as Statistical 
Package for Social Science (SPSS 14, 2006). 
 
3. Results and Discussion 
The fungal pollution of animal and poultry feeds and 
human food by mycotoxigenic fungi contributes a major 
problem to their health and are responsible for high eco-
nomical losses in animal production due to decrease in 
milk and meat production and may be transmitted to 
human through consumption of contaminated food of 
animal origin . Such contamination constitutes a public 
health hazard due to production of mycotoxins, which 
cause some degree of acute toxicity when consumed in 
high amounts and are potential carcinogen. In develop-
ing countries; it appears that there is a direct correlation 
between dietary aflatoxins intake and the incidence of 
liver cancer (FDA, 2000, Bahtnager and Ehrlich, 
2002). In addition, the outbreaks of food borne patho-
gens continue to draw public attention to food safety. 
The fungi of Fusarium species and produced  serious 
carcinogenic adverse effects on  animal health. Whereas, 
the characterization and identification of Fusarium spe-
cies have some difficulty  due to similarity in morpho-
logical characteristics of macro-conidia and micro-
conidia (Refai et al., 2015).  

Table (1). Prevalence of Fusarium Species in Poultry Rations  

Poultry Ration 
Total moulds Fusarium species 

No. of +ve % Mean of cc No. of +ve % Mean of cc 

Starter poultry feed (20)  20 100 1.5x103 5 25 1x102 

Broiler poultry feed (20) 14 70 3x102 6 30 1x10 

Layers Poultry feeds (20) 18 90 3x103 9 45 1x102 

Total  (60) 52 86.66% 1.6x102 20 33.3% 0.7x102 

*cc: Colony Count 

In the present study, the fungal examination of 60 poul-
try feed samples (20 of each of starter, broiler and lay-
ers) for detection of Fusarium species incidence in sam-
ples was investigated. The results (Table, 1) revealed 
that all examined samples gave variable rates of contam-
ination, where, 100% of starter poultry feed were con-
taminated with different mould species included 33.3% 
contaminated by Fusarium sp. The higher incidence of 
Fusarium species was recovered from layers feed (45%) 
followed by broilers feed (30%), and starter poultry feed 
(25%) Similar findings were reported by Buckley et al. 
(2007); Hassan et al. (2015a, 2016, 2017 and 2018) 
and El-Hamaky et al. (2016), who recovered most of 
these fungi from the examined poultry feed samples. In 
addition, mycotoxigenic Fusarium species cause signifi-

cant economic losses in animals’ production and Fusari-
um species capable of killing cells by causing damage to 
cellular membrane (Abou-Elyazeid et al., 2011). 
However, Fusarium sp.  was the most common fungi in 
maize as reported by Cvetnic et al. (2004). Whereas, it 
recovered from (60%) of diseased sheep and their used 
feeds and water at desert districts in Egypt with isolation 
range of (40-90%) (Hassan et al., 2010 a), Other study 
by Ana-Marrija et al., (2005), recovered Fusarium 
spp., Penicillium spp. and Aspergillus spp.  from maize 
grain samples . 



627 

Second International Conference of Animal Health Research Institute                                            Atef et al. 

Table (2). Identification of members of fusarium that isolated from poultry Rations  

Fusarium sp. 

Starter poultry feed 
(20) 

Broiler poultry feed 
(20) 

Layers Poultry feeds (20) Total (60) 

No. of +ve % 
No. of 

+ve 
% 

No. of 
+ve 

% 
No. of 

+ve 
% 

F. equiseti 1 5 2 10 2 10 5 7 

F. poae 1 5 1 5 2 5 4 6 

F. columarum 1 5 - - - - 1 1.5 

F. graminarum 1 5 - -= 1 5 2 3 

F. sporotrichioides 1 5 1 5 4 20 6 10 

F. avenactum - - 1 5 - - 1 1.5 

F. verticillioides - - 1 5 - - 1 1.5 

 Total 5 25 6 30 9 45 20 33.3 

Currently, the characterization of Fusarium species 
members yielded that the F. equiseti was recovered from 
broiler and layers poultry feed at relatively higher inci-
dence (10% for each) (Table, 2). Whereas, the incidence 
in starter poultry feed was relatively lower (5%). While, 
F. sporotrichioides was recovered from (20%) of exam-
ined layers feed , (5%) of each of broiler and starters 
feed samples, respectively.  Regarding F. poae, it was 
detected in (5%) of each of starters, broilers and layers 
poultry feeds. While, a total (33.3 %)  of all examined 
feed samples yielded Fusarium sp., the majority of iso-
lates were recovered from layers feed (45%) followed by 
broiler feeds and starter feed(30% and 25%) respectively 
(Table, 2). These differences in these levels of contami-
nation may be due to the exposure of the examined sam-
ples to different climatic condition either during prepara-
tion, transportation or storage. 
The members of Fusarium sp. recovered only from 2.6% 
of poultry concentrated feed and Buckley et al., (2007) 
and from 6% of animal feed mainly corn seed, barley 
and corn silage samples Khosravi et al., (2008). But, 
Abou-Elyazeid et al., (2011) recovered F. verticil-
lioides; F. anthophilum and F. proliferatum from poultry 
feedstuffs and  Chu et al. (1995) and Hassan et al. 
(2010 b) isolated F. oxysporum from feeds produced 
tibial dyschondroplasia and immune suppression in poul-
try. Moreover, Pan et al. (2009), detected  Fusarium 
spp. in wheat samples at  Uruguay particularly during  
spring rains occur. 
Furthermore, the Fusarium sp. have a potential public 
health hazard due to mycotoxin production which are of 
carcinogen effects on liver cells when animal exposed to 
these mycotoxins for long periods (FDA, 2000). While, 
mycotoxin contamination can occur during pre-harvest 
and storage periods of cereals at 37°C and high humidity 

during prolonged storage times which potentiated the 
mold growth and mycotoxin production in  cereals 
(Alshannaq and Yu,  2017). 
Moreover, the mycotoxin-producing species are F. spo-
rotrichioides, F. graminearum and F. verticillioides, 
which produce toxins such as zearalenone, zearalene, 
deoxynivalenol or nivalenol, T-2 toxin and diace-
toxyscirpenol (Atanasova-Penichon et al., 2012). These 
toxins generate diverse diseases to crops and contamina-
tion to diverse types of cereals mainly to maize being of 
toxicological concern the ear rot Atanasova-Penichon 
et al., 2014). However, trichothecenes produced by 
Fusarium species alter immune-mediated activities in 
ruminants (Black et al., 1992) and have a  potent inhibi-
tor of eukaryotic protein biosynthesis, inducing vomit-
ing, diarrhea, anemia and food refusal in larg animals 
(Coulombe, 1993 and Osweiler, 2000). 
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Table (4). Minimal inhibitory concentration of Zn NPS on toxigenic Fusarium species isolated from present feed sam-
ples  

Member of Fusarium 
Species 

Colony count of Fusarium sp. at gradual concentrations of  Zn NPS (μg /ml) in Sabaroud 
dextrose agar media (SDA) 

0 100 200 400 600 800 1000 

F .equiseti 2X105 5 X102 7X 10 00 00 00 00 

F.poae 2X105 4X102 3X10 00 00 00 00 

F.sporotrichioides 3X105 3X103 4X102 1X10 00 00 00 

Currently, as illustrated in Table (3), the screening of 
recovered Fusarium species from feeds for production of 
mycotoxins was undertaken. The isolates of F. equiseti,  
F.poae and F. sporotrichioides produced a mean levels 
22.2±4.02, 18.23±1.76 and 40.0±0.0 ppm respectively of 
tricothecenes mycotoxins,. Regarding, members of 
trichothecenes, T2 mycotoxins produced by F. equiseti, 
and F.poae at a mean levels of 30±2.30 and 14.7±5.30 
ppm respectively and T2 toxin not produced at all in case 
of  F.graminarum and  F. sporotrichioides. Whereas, 
DAS and NIV detected only during screening of 
F.equiseti , F.poae and F. sporotrichioides at a mean 
levels of 16.6±3.33 ppm DAS and 20±1.0 ppm NIV, 
20±00 ppm DAS and 20±00 ppm NIV and 40±00 ppm 
DAS and 40±00 ppm NIV, respectively. Regarding the 
detected levels of zearalenone and zearalenol, all tested 
members of Fusarium  produced these toxins. The fungus 
of F.equiseti produced zearalenone (7.5± 1.62), but not 
produced zearalenol. While, F.poae and 
F.sporotrichioides produced both zearalenone and zeara-
lenol (4.0± 0.0 ppm for each of zearalenone. and zeara-
lenol.) and (6.6± 1.56 ppm for Zearalenone. and 4.0± 00 
for Zearolenol, respectively) 
Whereas, Hassan et al.,(2010 a) detected the Fusarium 
toxins in feed samples, the largest amount estimated in 
crushed yellow corn (60%) namely FB1, T2 and zeara-
lenone with the mean levels of 48.4±1.0; 3.0±0.1 and 
0.84±0.03 ppm, respectively. Also, Ana-Marrija et al., 
(2005) detected that F. graminearum(the producer of 
ZEA) was isolated from all samples of maiz and the most 
frequent mycotoxins were FB1 (459.5 ppm) and ZEA
(1.70 ppm), respectively, 
The most important type of trichothecenes for poultry is  
DON (vomitoxin) which has numerous adverse health 
effects, with neural, gastrointestinal tract and immune 
system being the most sensitive organs (Canady, et al., 
2001). In addition, the low to moderate dose of trichothe-
cene cause gastrointestinal irritation or necrosis, haema-
tological disorders, diarrhoea, vomiting and feed refusal 
and decreased body weight gain. Whereas, the exposure 
to higher dose levels of DON are mainly expressed as 

severe reduction in body weight, severe damage to the  
haematopoietic systems in bone marrow, spleen, thymus 
and lymph nodes, and impaired 88 resistance to infection, 
particularly bacterial infection (Ueno, 1984). 
All the previous literatures of fungal diseases caused by 
Fusarium infection and their toxins recorded that the pol-
lution by these fungi affected upon the growth rate. They 
potentiated several  health problems of human and ani-
mals including anemia, stunted growth, carcinogenic, 
tremor genic, hemorrhagic, dermatitis, pulmonary edema, 
immunosuppressive and hormonal effects (Mogeda et 
al., 2002, Hassan et al., 2010 a and Abou-Elyazeid et 
al., (2011). 
Regarding, Zearalenone mycotoxin produced mainly by 
F. graminearum, F. semitectum, F. equiseti and  F. cul-
morum. It has estrogenic effects in animals, which may 
be due to its binding to oestrogene receptors and in wom-
an causes precocious menarche in tropical and  mild cli-
mates (Saenz and de Rodriguez, 1984 and  Szuetz et 
al., 1997). The general, the direct ingestion of contami-
nated food and feed was the main rout of the human and 
animal exposure to mycotoxins (Abd-Allah and Hassan, 
2000 and Hassan, 2017 et al., and 2018).  
Recently, the antibiotic-resistance of some fungi is result-
ed in problem for control fungal diseases and potentiated 
production of novel antifungals. Today, the uses of met-
als nanoparticles as antifungal agent were found to inhibit 
microbial growth as nanoparticles of Zn NPs which 
showed strong antibacterial and antifungal activity 
(Reddy, 2007 and Hassan et al., 2014). They have 
gained more attention due to its special properties and its 
fewer hazards to environment (Violeta et al., 2011) and 
they are effective in inhibiting the growth of toxigenic 
fungi and their ability for toxins production (Mohamed 
et al., 2015). 
In addition, Nano Zn improves the immunity of the ani-
mals, for an instance, a reduction in somatic cell count in 
subclinical mastitic cow and an increase in the milk pro-
duction was observed due to supplementation of Zn-NPs 
(Rajendran, 2013) 

In the present study, the MIC of Zn NPs for   F. equiseti, 
F.poae and F. sporotrichioides were 400, 400 and 600 
μg /ml, respectively. As the concentration of ZnNPs 
increased, the viability and colony count of fungus de-
cresed (Table 4). 
The recent reports illustrated the efficacy of nanoparti-
cles of metal oxides as most potent antifungal and anti-
bacterial agents against all fungal and bacterial animal 
pathogens (Hassan et al., 2014, 2013 a  & b & 2015 a, 
b). 

It is suggested that the antimicrobial potentials of metals 
nanomaterials related to its doses of treatment and parti-
cles size (Violeta et al., 2011). While, Hassan et al., 
(2013a, b, c) detected that the growth of aflatoxigenic 
moulds and aflatoxins production were inhibited by ad-
dition of 8 μg/ml of ZnO NPs and ochratoxin A and 
fumonisin B1 producing moulds and mycotoxins pro-
duction were inhibited by addition of 10 μg/ml of ZnO 
NPs to tested medium. Similarly, Hassan et al., (2014), 
detected the antifungal activities of ZnO NPs against 
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Figure (1). Photogram of Scanning Electron Microscopy  of Fusarium Sp. (R) Normal conidia without treatment of Zn NPs (M) 
After treatment with MIC of Zn NPs (400 µg/ml)  (L) After treatment with high dose  of (600Ug/ml) 

Table (5). Minimal inhibitory concentration of Probiotic and Curcumin on toxigenic Fusarium species isolated from 
present feed samples  

Member of 
Fusarium 

Colony count of Fusarium sp. at gradual concentrations of  Probiotic and Curcumin  (%) 

No. 
treat. 

0.1% 0.25% 0.5% 1% 2% 

  
No 

treat. 
Probi-

otic 
Curcu-

min 
Probi-

otic 
Curcu-

min 
Probi-

otic 
Curcu-

min 
Probi-

otic 
Curcu-

min. 
Probi-

otic 

Cur-
cumin

. 

F .equiseti 2X105 5X X102 2.5X103 1X 10 5X10 00 0.3X10 00 00 00   

F.poae 2X105 4X102 1.5X102 3X10 3X10 00 0.1X10 00 00 00   

F.sporotrichioi
des 

3X105 3X103 2.0X102 4X102 2.0X10 00 0.2 X10 00 00 00   

C.albicans which was more sensitive for lower concen-
trations (100 ug/ml) than A. niger, A. flavus and A. 
ochraceus (200, 300 and 300 μg /ml)  to inhibit their 
growth, respectively. The antimicrobial potentials of ZnO 
NPs may be due to the formation of  hydrogen bond be-
tween hydroxyl group of cellulose molecules of fungi  
with oxygen atom of ZnO NPs leading to inhibition of the 
microbial growth.  In addition, the release of Zn 2+ may 
occur which causes damages cell membrane and interacts 
with intraocular contents (Moraru et al., 2003). 
Currently, when the treated Fusarium sp.  were subjected 
to SEM, the damage and rupture of their cell wall were 

detected in the area surrounding growth. The normal co-
nidial cell of Fusarium sp. has a macro-conidia abundant 
in sporodochia, long, slender, dorsoventral curvature, 
several septa, apical cell elongate and tapering, basal cell 
foot-shaped and micro-conidia are oval and elongated 
oval, smooth cell wall and intact cell membrane (Refai et 
al., 2015). The effect of high concentration of Zn NPs on 
the treated Fusarium sp. was observed as membrane 
damage of cells and some pits that have been caused in 
inter cellular components, leading to leakage and finally 
cell death. (Fig. 1). Similar findings were also reported 
by (Shawky et al., 2014 and Violeta et al., 2011 ). 

Up to date, the natural oils that extracted from herb-
al plants are widely used as antimicrobial potential. 
Moreover, Curcumin has been widely used through-
out history for the treatment of inflammatory condi-
tions, gastrointestinal disorders, and cancer (Goel et 
al.,2008). It is known for its antioxidant properties 
and acts as a free radical scavenger by inhibiting 
lipid peroxidation and DNA oxidative damage 
(Jayaprakasha et al., 2006) 
Also, the probiotic enhance immune response and 
nutrition of host species through the production of 
supplemental digestive enzymes (Abdel-Kader, 
2009). It was indicated that dietary probiotic had 
antioxidant activity and had a protec-
tive effect against dietary aflatoxin, this results 
agreed with Chen et al., (2013a & b) and Nabawy 
et al., (2014). 
the dietary probiotic detected to have antioxidant 
activity and had a protective effect against dietary 
aflatoxin this results agreed with Chen et al., 2013 
a and reduced oxidative stress and inflammatory 
response (Chen et  al., 2013 b and Zhao et al., 

2013). 
Ouwehand et al. (2002) explored the immune- 
modulator effect of probiotics to improve phagocy-
tosis by increasing the number of natural killer cells. 
In the present study, we evaluate Curcumin and pro-
biotic in inhibition the growth of mycotoxigenic 
Fusarium sp. The obtained results in (Table, 
5).revealed that the MIC of curcumin and probiotic 
were 1% in each Several studies were reported  sim-
ilar findings  to our results as, Hassan et al., (2008), 
who used Rhamnus cathtica plant extract, Hassan et 
al., (2012b) who used clove, onion and garlic oils 
and Yage et al., (2012) and Taha et al., (2014), 
who used clove oil and all these studies revealed 
that these plants extracts were possessed antifungal 
activities against A. ochraceus and A. niger.  
Also, when the probiotics were administered in ade-
quate amounts as antimicrobial agents, resulted in a 
huge benefit on the animals and human health (Reid 
et al., 2003, Matthew et al., 2006 and  Syed El Ahl  
et al., 2006). 
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Table (6). Combination between treatments of ZnNPs with  probiotic  or  curcumin for control of Fusarium on SDA.  

Colony count of Fusarium sp. at gradual concentrations of 

Member of Fusari-
um   

Non 
treated 
(N.T.) 

ZnNPs (100 μg /ml) ZnNPs (100 μg /ml ) ZnNPs (200 μg /ml) ZnNPs (200 μg /ml ) 

Probiotic 
(0.25%) 

Curcu-
min 

(0.25%) 

Probi-
otic 

(0.5%) 

Curcu-
min 

(0.5%) 

Probiotic 
(0.25%) 

Curcu-
min 

(0.25%) 

Probi-
otic 

(0.5%) 

Curcumin 
(0.5%) 

F. equiseti 2X105 0.5X10 1.5X10 00 00 00 00 00 00 

F. poae 2X105 0.3X10 0.6X10 00 00 00 00 00 00 

F. sporotrichioides 3X105 0.1X10 0.2X10 00 00 00 00 00 00 

Table (7). Influence of Combination treatments of ZnNPs with  probiotic  or  curcumin in  control of Fusarium in 
contaminated  commercial yellow corn.  

Member of Fusari-
um 

Colony count of Fusarium sp. at gradual concentrations of 

Non 
treated 
(N.T.) 

ZnNPs (100 μg /ml) ZnNPs (100 μg /ml) ZnNPs (200 μg /ml) ZnNPs (200 μg /ml) 

Probiotic 
(0.25%) 

Curcu-
min 

(0.25%) 

Probi-
otic 

(0.5%) 

Curcu-
min 

(0.5%) 

Probiotic 
(0.25%) 

Curcu-
min 

(0.25%) 

Probiotic 
(0.5%) 

Curcumin 
(0.5%) 

F. equiseti 2X105 1X102 1X10 O.7X10 0.1X10 00 00 00 00 

F. poae 2X105 0.3X102 0.5X10 0.5X10 00 00 00 00 00 

F. sporotrichoides 3X105  1X10 0.1X10 00 1X10 00 00 00 00 

Regarding the combination antifungal potential of 
Zn NPs with curcumin or probiotic on synthetic 
medium of SDA, it is interesting to report here that 
the MIC of  Zn NPs against  toxigenic Fusarium 
sp. was decreased to100 μg /ml when combined 
with curcumin or probiotic (0.25% for each).These 
results are essential to avoid the toxicity of Zn NPs 
addition in animal feeds (Table, 6).  
Similar findings were obtained when applied these 
combination between  Zn NPs and curcumin or 
probiotic  on natural yellow corn, but, the MIC  
required elevation of used concentrations of curcu-
min and probiotic (0.5% for each) and ZnNPs (100 
μg /ml) (Table, 7).  
Hence, the synergistic, combination therapy of 
ZnNPs with  other traditional drugs was urgently 
required to decrease the used concentration of na-
noparticles, overcome the microbial resistant to 
traditional antibiotics and resulted more efficient 
antimicrobial activity for  the treatment of human 
and  animal diseases. 
Regarding the beneficial effects of the curcumin, 
Pinlaor et al.(2010), reported that it can alleviate  
fibrosis in skin affection due to its anti-
inflammatory property .While ,Lin et al. 2009sug-
gested that curcumin exerted antifibrotic effects  
depending on its concentrations , at lower concen-
trations curcumin exerted antifibrogenic effects, 
whereas at higher concentrations curcumin induce 
fibrosis through induction of apoptosis in hepatic 
satellite cells.  
The  feed additives  are essential for biological 
functions of the animal and poultry including 
growth promoters, digestion, absorption, antimicro-

bial agent, metabolic modifiers, probiotic and 
prophylactics, amelioration the toxic effects  of 
mycotoxins if existed in feed (Namur et al.,1998 
and Nabawy, 2015 and Hassan et al., 2017).  
In poultry, the adverse effects of Fusarium toxins, 
particularly DON have serious adverse effects for 
broiler chicken, since concentrations of 10–12 mg 
DON/kg feed causedsigns such as reduced feed 
intake and reduced body weight gain. In addition, 
this toxicity characterized by extensive ecchymotic 
hemorrhages, deposition of urates, alteration of the 
nervous system, and inflammation of the upper 
gastrointestinal tract  (Huff et al., 1981). 
Where, the T-2 toxin effects in poultry has geno-
toxic and cytotoxic effects, immunomodulatory 
effects, effects on the cells of the digestive system 
and liver, effects on the nervous system and skin 
and impairment of performance. (Tobias et al., 
1992). 
Therefore, detoxification strategies have been de-
veloped to protect livestock animals and poultry 
against mycotoxin contaminated feed. 
However, the elimination of trichothecenes from 
contaminated feedstuffs is an unsolved problem 
and once contamination has occurred in grains, few 
strategies can be adopted for limiting adverse  ef-
fects in livestock (WHO, 2001). 
Some studies  evaluated biological degradation of 
fusarium toxins and reported that  DON is  degrad-
ed by Eubacterium sp. which transforms DON into 
its metabolite DOM-1 the non- toxic de-epoxide of 
DON (Binder et al., 1997, 2000). While, Fuchs et 
al. (2002) detected that the Eubacterium sp. is ca-
pable of detoxifying Trichothecenes. Additionally, 
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Awad et al. (2006) found that Eubacterium is ben-
eficial in  counteracting the toxicity of DON in 
commercial broilers at the gut level. DON has been  
reported to be completely transformed to de-epoxy-
DON after incubating for 96 h with the  content of 
the large intestine of hens (He et al., 1992).  
 Currently, efforts have been done to screen micro-
organisms from  different origins, which could de-

toxify trichothecene mycotoxins and this approach 
is defined as biodegradation (Schatzmayr et al., 
2006).  While, the organism of Gliocladium roseum 
detoxified zearalenone by opening the ring struc-
ture with subsequent  decarboxylation in yields 
ranging between 80 and 90% (El-Sharkawy and 
Abul-Hajj 1988).  

Table (8). Influence  of  low doses of  ZnNPs  singly and in combination   with  probiotic  or  curcumin  on  Fusarium 
toxin production on commercial  yellow corn.  

Levels of Fusarium mycotoxins  at gradual concentrations of treatments with 

Total levels of toxins 
before treat. (mg/kg-

ppm) 

ZnNPs (100 ug/ml) 
ZnNPs (100 ug/

ml) 
ZnNPs (200 ug/ml) ZnNPs (200 ug/ml) 

Prob. 
(0.25%) 

Curc. 
(0.25%) 

Prob. 
(0.5%) 

Curc. 
(0.5%) 

Prob. 
(0.25%) 

Curc. 
(0.25%) 

Prob. 
(0.5%) 

Curc. 
(0.5%) 

22.2±4.02 
(Total tricho.) 

5.2±0.1 7.4±0.0 ND ND ND ND ND ND 

7.5±1.62 
(Zearralenone) 

1.0± 0.0 2.4±0.02 ND ND ND ND ND ND 

18.23±1.76 
(Total tricho.) 

3.0±0.0 5.1±0.1 ND ND ND ND ND ND 

4.0±0 
(Zearralenone) 

ND ND ND ND ND ND ND ND 

4.0±0 
(Zearalenole) 

ND ND ND ND ND ND ND ND 

40±00 
 (Total tricho.) 

 8.1±0.0 9.3±0.1 ND ND ND ND ND ND 

6.6±1.56 
(Zearralenone) 

0.4±0.0 ND ND ND ND ND ND ND 

4.0±00 
(Zearalenole) 

0.1±0.0 ND ND ND ND ND ND ND 

⃰ ND: Not Detected 

As the first steps in this direction, the authors 
here applied the obtained results in this work on 
commercial poultry feeds that highly contami-
nated with different molds included  mycotoxi-
genic  Fusarium sp.. The obtained results evi-
denced also higher antimycotoxin potential ef-
fects of Zn NPs in combination with other com-
mercial antifungals (Table, 8). Whereas, the 
evaluation of these antifungal agents in inhibi-
tion of Fusarium toxins production in commer-
cial feed indicated that the metal nanoparticles 
and herbs as curcmin and probiotic  can be 
assed together in poultry feed to avoid the addi-
tion of high doses of ZnNPs and their toxicity . 
Currently, the synergistic actions of ZnNPs 
with curcumin or probiotic preparation  at low 
doses (ZnNPs (100 ug/ml)+Prob.(0.5%)or Curc.
(0.5%), resulted complet detoxification of 
Fusararium mycotoxins). 
Similar results to our work were obtained by 
Kaul et al., (2012);   Yage et al., (2012) and 
Taha et al., (2014), Mohamed et al., 2015 and 

Nabawy, (2015), who detected the efficacy of 
ZnNPs, propionic acid and probiotic prepara-
tion in detoxification of ochratoxin and AFs in 
feeds.  no effect of clove oils and metal nano-
particles when added to the ochratoxicated 
feeds. Generally, until now the metals as zinc, 
iron, cadmium, selenium and cupper are used as 
feed additive for their antioxidant and growth 
promoters for animals and poultry (Frank et 
al., 1984). 
A high affinity addition of these compound to 
feedstuffs (Zn NPs, probiotic and curcumin)  
contaminated with Fusarium and their toxins 
has been shown to have a protective effect 
against the development of mycotoxicosis in 
farm animals and poultry (  Syed El-Ahl  et al., 
2006 , Nabawy et al., 2014 and Hassan et al., 
2017 and 2018). The major advantages of these 
additives  include expense, safety and easy ad-
ministration through addition to animal and 
poultry feed and the addition of probiotic or 
curcumin with Zn NPs resulted significant de-
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crease the used doses of nanomaterials which 
caused safe and fare doses from toxicity of na-
nomaterials to animal and poultry (Hassan et 
al., 2016). 
4- Conclusion 
In this study mould of Fusarium species which 
recovered from poultry feeds were recorded to 
produce mycotoxins caused some degree of 
acute toxicity when consumed in high amounts 
and are potential carcinogens in animal and 
poultry.  It also resulted in significant losses in 
animal health, which is an important contributor 
to the country’s economy in the form of meat, 
milk, wool and leather. The results today sug-
gest that ZnNPs , the probiotic and curcumin 
singly and in combination have potentials in 
treatments of mycotoxions  producing Fusari-
um sp.  and significantly decreased  their ability 
for  mycotoxin production. Whereas, the results 
of  combination detected the requirement of 
lower concentrations from both to obtain the 
antimicrobial and antimycotoxins  effects. 
Therefore, the synergistic, combination therapy 
are  urgently required to decrease the used con-
centration of nanoparticles, overcome the mi-
crobial resistant to traditional antibiotics and  
resulted more efficient antimicrobial and antoi-
mycotoxins activities  for  the treatment of hu-
man and  animal diseases. Therefore, frequent 
testing program of the animal feeds and other 
environmental factors for fungi and mycotoxin 
contamination and use of feed. Hence, ad-
vanced and further investigations are required 
for direct treatment of farm animals by metal 
nanoparticles in combination with other safe 
herbs and biological compound to avoid toxic 
effects of nanomaterials which may result from 
misusing of nanoparticles. Hence, significance 
improvements in animal health and their 
productivity can be controlled. 
 
5- References  
Abd El-Kader, M.A.A. (2009). The role of probi-

otics in the control of some diseases of cultured 
fresh water fish. MVSC. Thesis, Kafr El-Sheikh 
Universit. 

Abd-Allah, W.H. and Hassan, A.A. (2000). Sani-
tary status of some to eat meat meals 
in Cairo and Giza Governorates. J. Egypt. Vet. 
Med. Assoc., 60: 95- 104. 

Abo El Yazeed, Heidy; Atef Hassan; Reda E.A. 
Moghaieb, Mai Hamed and Mohamed Refai 

(2011). Molecular detection of fumonisin produc-
ing Fusarium species in animal feeds using poly-
merase chain reaction (P.C.R.). Journal of Applied 
Sciences Researc , 7(4): 420-427.       

Alshannaq, A. and Yu, J.H. (2017). Occurrence 
toxicity, and analysis of major mycotoxins in 
food. International Journal of Environmental Re-
search and Public Health. 2017; 14(6): 632-652. 

Ana-marija, D.M.; Bogdancvjetkovi, S.T.  and 
Jurjevi, D.I. (2005). Mould contamination and co
-occurrence of mycotoxins in maize grain in Croa-
tia. Acta Pharm. 55 (2005) 349–356 Original re-
search paper. 

APHA (American  Public  Health  association) 
(2003). Compendium of methods for the microbi-
ological  examination of foods. 3rd ed. 
(Vanderzant, C. and Splittstoesser, D.F. APHA 
Technical Committee on Microbiological Methods 
for Foods (USA), 675- 800. 

Atanasova-Penichon, V.; Pons, S.; Pinson-
Gadais, L.; Picot, A.; Marchegay, G.; Bonnin-
Verdal, M.N.; Ducos, C.; Barreau, C.; Rou-
colle, J. and Sehabiague, P. Chlorogenic acid 
and maize ear rot resistance (2012). A dynamic 
study investigating Fusarium graminearum devel-
opment, deoxynivalenol production, and phenolic 
acid accumulation. Molecular Plant-Microbe In-
teractions.; 25(12): 1605-1616. 

Atanasova-Penichon, V.; Bernillon, S.; Marche-
gay, G.; Lornac, A.; Pinson-Gadais, L.; Ponts, 
N.; Zehraoui. E; Barreau, C. and Richard-
Forget, F. (2014). Bioguided isolation, characteri-
zation, and biotransformation by Fusarium verti-
cillioides of maize kernel compounds that inhibit 
fumonisin production. Molecular Plant-Microbe 
Interactions. 27(10): 1148-1158 

Awad, W.A.; Razzaz,i-Fazeli, E.; Böhm, J.; 
Ghareeb, K. and Zentek, J. (2006). Effect of 
addition of a probiotic microorganism to broiler 
diets contaminated with deoxynivalenol on  per-
formance and histological alterations of intestinal 
villi of broiler chickens. Poult. Sci. 521 85: 974-
979.  

Bahtnager, D.; Yu, J. and Ehrlich, K. (2002). 
Toxins of filamentous fungi. In: Breitenbach, M., 
Crameri, R., Lehrer, S. (Eds.). Fungal Allergy and 
Pathogenicity Chem Immunol., 81. Karger, Basel, 
pp. 167– 206.  

Binder, E.M.; Heidler, D.; Schatzmayr, G. and 
Thimm, N.: (2000). In: Koe, W. J., Samson, R. 
A., van 548 Egmond, H. P., Gilbert, J., Sabino M. 
(Eds.), Mycotoxins and Phycotoxins in perspec-
tive  at the turn of the Millennium, Proceedings of 
the 10th International IUPAC Symposium  on 
Mycotoxins and Phycotoxins, Guaruja, Brazil, P. 
271–277.  



634 

Animal Health  Research Journal Vol. 7, No. 4,  November 2019                                                  pp. 624-637 

Binder, J.; Horvath, E.M.; Schatzmayr, G.; El-
lend, N.; Danner, H.; Krska, R. and Braun, R. 
(1997) Screening for deoxynivalenol-detoxifying 
anaerobic rumen microorganisms. Cer. Res. 
Comm. 25: 343–346.  

Black, R.; McVey, U. and Cheme, F. (1992). 
Inmunotoxcicity in the bovine animal: a review. 
Vet Hum Toxicol.1992; 34: 438–442. 

Bottalico, A.; Lerario, P. and Visconti, A. (1983). 
Production of mycotoxins (zear-alenone, 
trichothecenes and moniliformin) by Fusarium 
species in Italy. Microbiologie-Aliments-Nutrition 
1: 133–142.  

Bottalico, A.; Visconti, A.; Logrieco, A.; Solfriz-
zo, M. and  Mirocha, C.J. (1985). Occurrence of 
zearalenols (diasteromeric mixture) in corn stalk 
rot and their production in associated Fusarium 
species. Appl. Environ. Microbiol. 49: 547–551. 

 Buckley, T.; Creighton, A. and Fogarty, F. 
(2007). Analysis of Canadian and Irish forage, 
oats and commercially available equine concen-
trate feed for pathogenic fungi and mycotoxins. 
Irish Vet. J., 60(4): 231-236. 

Canady, R.A.; Coker, R.D.; Egan, K.; Krska, R.; 
Kuiper-Goodman, T.; Olsen,M.; Pestka, J.; 
Resnik, S.; and Schlatter, J. (2001). WHO Food 
Additives Series 47: 419-528.   

Chen, L.; Gong, L. Z. and Xu, J. X. (2013b). An-
tioxidative activity and protective effect of probi-
otics against high-fat diet-induced sperm damage 
in rats. Animal, 7(2): 287-92. 

Chen, L.; Liu, W.; Li, Y.;  Luo, S.; Liu, Q.; 
Zhong, Y.; Jian, Z. and Bao, M. (2013a). Lacto-
bacillus acidophillus ATCC 4356 attenuates the 
atherosclerotic progression through modulation of 
oxidative stress and inflammatory prosess. Int. 
Imunopharmacol., 17(1): 108-115. 

Chu, Q.; Wu; W.D.; Cook, M.E. and Smally, 
E.B. (1995). Induction of tibial dyschondroplasia 
and of cell mediated immunity in chickens by F. 
oxysporum grown on sterile corn. Avian Dis. 
(USA), 39 (1): 100-107.  

Coulombe, R. (1993). Biological action of myco-
toxins. J Dairy Sci. 1993; 76: 880–891. 

 Cvetnic, Z.; Pepeljnjak, S. and Šegvic, M. 
(2004). Toxigenic potential of Fusarium species 
isolated from non harvested maize. Arh Hig Rada 
Toksikol., 56: 275-280.  

D’Mello J.P.F.; Macdonald A.M.C.; Postel D.; 
Dijksma, W.T.P.; Dujardin A. and Placinta 
C.M. (1998). Pesticide use and mycotoxin pro-
duction in Fusarium and Aspergillus phytopatho-
gens, Eur. J. Plant Path., 104, 741–51. 

El-Hamaky, A.M.; Atef, A. Hassan; Heidy 
Abo El Yazeed and Refai, M.K. (2016). Preva-
lence and Detection of Toxigenic A. flavus, A. 

niger and A. ochraceus by traditional and molecu-
lar biology methods in feeds.. Int. J. of Current 
Research. Vol. 8, Issue, 1, pp. 25621-25633.  

El-Sharkawy, S. and Abul-Hajj, Y.J. (1988). Mi-
crobial cleavage of zearalenone. Xenobiotica 18: 
365– 596. 

European Commission. Commission Recommen-
dation (2013/165/EU). on the presence of T-2 and 
HT-2 toxin in cereals and cereal products. Off. J. 
Eur. Union, 91, 12–15. 

Food and Drug Administration (FDA) (2000). 
Conference on mycotoxins in animal feeds,grains 
and food related to human and animal health. 
Rockville, Maryland.  

Frank, T.J.; Winston, M.; Hagler, J. and Hamil-
ton, P.B. (1984). Correlation of Aflatoxin Con-
tamination With Zinc Content of Chicken Feedt. 
Applied and environmental microbiology, Vol. 
47, No. 3, 478-480. 

Fuchs, E.; Binder, E.M.; Heidler, D. and Krska, 
R. (2002). Structural characterization of metabo-
lites  after the microbial degradation of type A 
trichothecenes by bacterial strain BBSH 797. 
Food Addit. Contam. 4: 379–386. 

Gajjar, P.; Pettee, B.; Britt, D.W.; Huang, W.; 
Johnson, W.P. and Anderson, J. (2009). Antimi-
crobial activities of commercial nanoparticles 
against an environmental soil microbe, Pseudomo-
nas putida KT2440. Journal of Biological Engi-
neering, 3 :9-22. 

Goel, A.; Kunnumakkara, A.B. and Aggarwal, 
B.B. (2008). Curcumin a "Curcumin": from kitch-
en to clinic. Biochem. Pharmacol. 75: 787-809. 

Gong, P.; H. Li; X. He; K. Wang; J. Hu; S. 
Zhang and X. Yang (2007). Preparation and anti-
bacterial activity of Fe3O4@Ag nanoparticles. 
Nanotechnology, 18, No. 28, 1000-1010. 

Gupta, A.K. and Kohli, Y. (2003). In-vitro suscep-
tibility testing of ciclopirox, terbinafine, Ketocon-
azole and Itraconazolee against dermatophytes 
and nondermatophytes, and in vitro evaluation of 
combination antifungal activity. Br. J. Dermatol. 
149 (2): 296-306. 

Hassan, A. Atef and Mahmoud, H.H. (2013). Ef-
fect of Zinc Oxid Nanoparticles on The  Growth 
of Some Mycotoxigenic Moulds J. Studies in 
Chemical Process Technology (SCPT), American 
Society of Science and Engineering, 1 (3): 16-25. 

Hassan, A.A.; Mahmoud, H.K.; Taha Hesham; 
Sayed El-Ahl, R.M.H. and Mahmoud, H.H. 
(2015a). Herbal biosynthesis of zinc Nanoparti-
cles and evaluation of their antifungal and antibac-
terial effect for buffaloes skin affections. Interna-
tional Journal of Current Research. Vol. 7, Issue, 
12, pp. 24338-24349. 

 

http://www.journalcra.com/article/herbal-biosynthesis-zinc-nanoparticles-and-evaluation-their-antifungal-and-antibacterial-eff
http://www.journalcra.com/article/herbal-biosynthesis-zinc-nanoparticles-and-evaluation-their-antifungal-and-antibacterial-eff
http://www.journalcra.com/article/herbal-biosynthesis-zinc-nanoparticles-and-evaluation-their-antifungal-and-antibacterial-eff


635 

Second International Conference of Animal Health Research Institute                                            Atef et al. 

Hassan, A. Atef; Mansour, M.K.; Al Kalamawy, 
N.M.; Hassan, N.Y. and Lashin, A.I. (2018). 
Prevalence of Ochratoxigenic Fungi and Ochra-
toxin A Residues in Animal Feeds and Modula-
tion of Their Toxic Effects by Glutathione . Int. J. 
Curr. Microbiol. App. Sci. 7(4): 2559-2582. 

Hassan, A.A.; Rashid, M.A. and Koratum, Kh. 
M. (2010b). Effect of aflatoxin B1, Zearalenone 
and Ochratoxin A on some hormones related to 
fertility in male rats. Int. J. Life Sciences, Vol. 7 
No. (3) (64-72). 

Hassan, A.A. and Omran, R.M.A. (1996). Season-
al variation in mycoflora and mycotoxins in feeds 
and pathological changes due to ochratoxins. J. 
Egypt. Vet. Med. Ass., 56 (1): 73-96. 

Hassan, A.A.; Mansour, M.K. and Mahmoud, 
B.H.H. (2013b). Biosynthesis of silver nanoparti-
cles (Ag-Nps) (a model of metals) by Candida 
albicans and its antifungal activity on some fungal 
pathogens (Trichophyton mentagrophytes and 
Candida albicans). New York Science. Journal 
2013; 6(3): 27-34. 

Hassan, A.A.; El Shorbagy, M.M. and El-
Barawy, A.M. and Hassan, M.A. (2008). Study 
the availability of using buckthorn(Rhamnus ca-
thartica) plant extract in laboratory control of 
some bacterial and fungal diseases. The 5 th Sci-
entific Congress, Minufiya Vet. J.Vol.5 (1): 27-
39.  

Hassan, A.A.; Mansour, M.K.; Oraby, N.H.  and 
Mohamed, A.A.E. (2016). The efficiency of us-
ing silver nanoparticles singly and in combination 
with traditional antimicrobial agents in control of 
some fungal and bacterial affection of buffaloes. 
International Journal of Current Research. 8, (04), 
29758-29770. 

Hassan, A.A.; Oraby, N.H.; El-Dahshan, E.M.E. 
and Ali, M.A. (2015b). Antimicrobial Potential of 
Iron Oxide Nanoparticles in Control of Some 
Causes of Microbial Skin Affection in Cattle. Eu-
ropean Journal of Academic Essays 2(6): 20-31, 
2015 www. euroessays. org 

Hassan, A.A.; El-Shafei, H.M.; Sayed El-Ahl, 
R.M.H. and El-Hamaky, A.M. (2017). Molecu-
lar detection the influence of aflatoxin biosynthet-
ic genes by Aspergillus flavus before and after 
bacillus subtlis and candida albicans biocontrol. 
9th Scientific.  

Hassan, A.A.; El-Shafei, H.M.; Oraby, N.H.; 
Sayed El-Ahl, R.M.H. and Mansour, M.K. 
(2012). Studies on Mycosis and Mycotoxicosis in 
Cattle. 1st Conf. of An. Health Res. Inst. Assoc., 
pp. 216 – 227. 

Hassan, A.A.; Hassan, M.A.; Sayed El Ahl, 
R.M.H. and Darwish, A.S. (2012). Prevalence of 
yeast infections in small ruminants with particular 

references to their treatment by some natural herb-
al extracts. Bulletin of Environment, Pharmacolo-
gy and Life Sciences. Volume 1, Issue 3, February 
2012: 12-22. 

Hassan, A.A.; Mansour, M.K.; Snousi, S.A.M. 
and Hassan, R.A. (2010a). Mycological, Bio-
chemical and Histopathological Studies on Acute 
Fusariotoxicosis In Sheep. Life Science Journal, 
Vol 7, No 3, 49-57. 

Hassan, A.A.; Oraby, N.H.; Mohamed, A.A.E. 
and Mahmoud, H.H. (2014). The strains isolated 
from buffaloes. Egypt. J. of Appl. Sci., 29 (3) 
2014, 58- possibility of using Zinc Oxide nano-
particles in controlling some fungal and bacterial. 

Hassan, A.A.; Rashid, M.A.; Noha H. Oraby; S. 
El-Araby and M.M. Minshawy (2013c). Using 
of molecular biology techniques for detection of 
Cryptococcus neoformans in respiratory disorders 
in cows with references to its control by nanopar-
ticles of iron oxide (Fe2O3). Egypt. J. of Appl. 
Sci., 28 (12) 2013: 433-448. 

Hassan, A.A.; Wael, M.; Tawakkol, M. and 
Elbrawy, A.M. (2010c). The hepato protective 
effect of dimethyl 4,4-dimethoxy 5,6,5,6-
dimethylene dioxy-biphenyl- dicarbxylate 
(D.D.B.) against liver injury induced by aflatoxin 
B1 in rates. Int. J. Life Sciences, 7: 148-153. 

He, P.; Young, L.G. and Forsberg,  C. (1992). 
Microbial transformation of deoxynivalenol 
(vomitoxin). Appl. Envir. Microbiol. 58: 3857–
3863. 

Hesham, T.; Samia, F.; Mohamed; Sayed El-Ahl, 
R.M.H. and Mahmoud, H.K. (2014). Molecular 
identification of E.coli O157:H7 and fungal caus-
es of diarrhea in buffalo calves with evaluation of 
antibacterial and antifungal effect of some herbal 
Extracts. First Scientific Conference of Food 
Safety and Technology pp. 50-65. 

Huff, W.E.; Doerr, J.A.; Hamilton, P.B.and 
Vesonder, R.F. (1981). Acute toxicity of vomi-
toxin (deoxynivalenol) in broiler chickens. Poult. 
Sci.  60, 1412–1414. 

ISO 21527-1 (2008): Microbiology Of Food And 
Animal Feeding Stuffs - Horizontal Method For 
The Enumeration Of Yeasts And Moulds - Part 1: 
Colony count technique in products with water activity 
greater than 0,95. International Organization for Standardi-
zation 

Jand, S.K. and Singh, P.P.  (1995). Fungi associat-
ed with poultry feeds and their toxin producing 
ability. Indian Vet. J., 72: 905-908. 

Jayaprakasha, G.K.; Rao, L.J.M. and Sakariah, 
K.K. (2006). Chemistry and biological activities 
of C. longa.Trends Food Sci. Technol., 16, 533-
548. 

 

http://www.journalcra.com/article/efficiency-using-silver-nanoparticles-singly-and-combination-traditional-antimicrobial-agent
http://www.journalcra.com/article/efficiency-using-silver-nanoparticles-singly-and-combination-traditional-antimicrobial-agent
http://www.journalcra.com/article/efficiency-using-silver-nanoparticles-singly-and-combination-traditional-antimicrobial-agent
http://www.journalcra.com/article/efficiency-using-silver-nanoparticles-singly-and-combination-traditional-antimicrobial-agent
http://www.euroessays.org


636 

Animal Health  Research Journal Vol. 7, No. 4,  November 2019                                                  pp. 624-637 

Jeff-Agboola, Y.A.; Onifade, A.K.; Akinyele, B.J. 
and Osho, I.B. (2012). In vitro antifungal activi-
ties of essential oil from Nigerian medicinal plants 
against toxigenic Aspergillus flavus. J. Medicinal 
Plants Res., 6(23): 4048-4056. DOI: 10.5897/
JMPR12.525. 

Jin, T.; Sun, D.; Su, Y.; Zhang, H. and Sue, H.J. 
(2009). Antimicrobial efficacy of zinc oxide quan-
tum dots against Listeria monocytogenes, Salmo-
nella enteritidis and Escherichia coli O157:H7. J. 
Food Sci., 74: 46–52. 

Kamimura, H.; Nishijima, M.; Yasuda, K.; Saito, 
K.; Ibe, A.; Nagayama, T.; Ushiyama, H.and 
Naoi, Y. (1981). Simultaneous Detection of Sever-
al Fusarium Mycotoxins in Cereals, Grains and 
Foodstuffs. J. Assoc. Off. Anal. Chem., 64, 1067-
1073. 

Kaul, R.K.; P. Kumar; U. Burman; P. Joshi; A. 
Agrawal; R. Raliya and J.C. Tarafdar (2012). 
Magnesium and iron nanoparticles  production us-
ing microorganisms and various salts. Materials 
Science-Poland, 30(3), 2012, pp. 254-258. 

Khosravi, A.R.; Dakhili M. and Shokri, H.(2008). 
A mycological survey on feed ingredients and 
mixed animal feeds in Ghom Province, Iran. Paki-
stan. J. Nutrit., 7(1): 31-34. 

Lin, Y.L.; Lin, C.Y.; Chi, C.W. and Huang, Y.T. 
(2009). Study on antifibrotic effects of curcumin in 
rat hepatic stellate cells. Phytother Res.; 23: 927 –
932. 

Mansour, M.K.; Hassan, A.A. and Rashed M.A. 
(2002). The fungi recorded in imported feed sam-
ples with reference to control of T-2 toxicosis by 
antioxidant substances in chicks. Vet. Med. J., Gi-
za, 50 (4): 485-499. 

 Matthew, E.; Falagas, G.; I. Betsi and Stavros 
Athanasiou (2006). Probiotics for prevention of 
recurrent vulvovaginal candidiasis. Journal of An-
timicrobial Chemotherapy (2006) 58, 266–272. 

McMullen, M.; Jones, R. and Gallenberg, D. 
(1997). Scab of wheat and barley: A re-emerging 
disease of devastating impact. Plant Dis. 81: 1340-
1348. 

Mohamed, A.E.; Hassan, A.A.; Hassan, M.A.; El 
Hariri, M. and Refai, M.K. (2015). Effect of 
Metal Nanoparticles on the Growth of Ochratoxi-
genic Moulds and Ochratoxin A Production Isolat-
ed From Food and Feed. Int. J. of Research Studies 
in Biosciences (IJRSB). Volume 3, Issue 9, PP 1-
14. 

Molto, G.A.; Gonzalez, H.H.; Resnik, S.L. and 
Pereyra Gonzalez, A. (1997). Production of 
trichothecenes and zearalenone by isolates 
of Fusarium spp. from Argentinian maize. Food 
Additives and Contaminants.; 14: 263–268.  

Moraru, C.L.; Panchapakesa, C.P.; Huang, Q.; 
Takhistov, P.; Liu, S. and Kokini, J.L.(2003). 

Nanotechnology: a new frontier in food science. 
Food technol.57 (12):24-29. 

Nabawy, G.A. (2015). Effect of metal element nano-
particles in the growth of aflatoxogenic A. flavus 
and aflatoxin production in feed, Master thesis in 
veterinary science( Microbiology), Faculty of Vet-
erinary Medicine, Cairo University. 

Nabawy, G.A.; Hassan, A.A.; El- Ahl, R.H.S. and 
Refai, M.K. (2014). Effect of metal nanoparticles 
in comparison with Commercial antifungal feed 
additives on the growth of Aspergillus flavus and 
aflatoxin b1 production. Journal of Global Biosci-
ences Volume 3, Number 6, pp. 954-971. 

Namur, A.P.; Morel, J.  and Bichek, H. (1998). 
Compound animal feed and feed additives. In De-
bour, F.H. Bichel, Livestock feed resources and 
feed evaluation in Europe. Elsevier. Sci. Publ. Am-
sterdam 

Osweiler, G.D. (2000). Mycotoxins-contemporary 
issues of food animal health and productivity. Vet 
Clin N Am Food Anim Pract. 2000; 16: 511–530. 

Ouwehand, A.C.; Salminen, S. and Isolauri, E. 
(2002). Probiotics: an overview of beneficial ef-
fects. Antonie Van Leeuwenhoek. Aug; 82(1-4): 
279-89. 

 
Pan, D.; Graneri, J. and Bettucci, L. (2009). Cor-

relation of rainfall and levels 
of deoxynivalenol in wheat from Uruguay, 1997–
2003. Food Addit Contam B.; 2: 162–165. 

 Pinlaor, S.; Prakobwong, S.; Hiraku, Y.; Pinlaor, 
P.; Laothong, U. and Yongvanit, P. (2010). Re-
duction of periductal fibrosis in liver fluke-infected 
hamsters after long-term curcumin treatment. Eur J 
Pharmacol. Jul 25; 638 (1-3): 134-41. 

Pitt, J.J. and Hocking, A.D. (2009). "Fungi and 
Food Spoilage." 3rd Ed. Published by 
Spriiger Dordrech Heidelberg, London, New York. 

Ragheb, R.R. (1994). Studies on fusariotoxicosis in 
farm animals. PhD thesis, faculty of Vet. Med., 
Cairo University, Egypt.  

Rajendran, D. (2013). Application of nano minerals 
in animal production system. Res. J. Biotechnol., 8
(3): 1-3. 

Reddy, K.M. (2007). Selective toxicity of zinc oxide 
nanoparticles to prokaryotic and eukaryotic sys-
tems. Appl. Phys. Lett. 90: 2139021-2139023. 

Refai, M.K. and Hassan, A.A. (2013). Monograph 
On Mycotoxigenic Fungi and Mycotoxins in food 
and feeds with synopsis of the authors done on 
Mycotoxigenic Fungi and Mycotoxins in Foods 
and Feeds. http:// Cairo academic edu. / Egypt, 
Atefhassan/ Monograph. 

Refai, M.K.; Hassan, A.A. and Hamed, M. (2015). 
Monograph On The Genus  Fusarium. https://
www. academia. edu. eg. /7688721-AtefHassan 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ouwehand%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=12369194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salminen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12369194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isolauri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12369194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Antonie+van+Leeuwenhoek+%2C+August+2002%2C+Volume+82%2C+Issue+1-4%2C+pp+279-289+Probiotics%3A+an+overview+of+beneficial+effects
https://www.academia.edu.eg./7688721-
https://www.academia.edu.eg./7688721-


637 

Second International Conference of Animal Health Research Institute                                            Atef et al. 

https://www. researchgate. net/publication/ Atef 
Hassan 

Reid, G.; Jass, J. and Sebulsky, T. (2003). Poten-
tial uses of probiotics in clinical practice. Clin 
Microbiol Rev., 16: 658–672. 

Saenz, C. and Rodriguez, D.E. (1984). Environ-
mental hormone contamination in Puerto Ri-
co,NewEngl.J.Med.310(1984)1741–1742. 

Schatzmayr, G.; Täubel, M.; Vekiru, E.; Moll, 
M.; Schatzmayr, D.; Binder, E.M.; Krska,  R.; 
Loibner, A.P. (2006). Detoxification of myco-
toxins by biotransformation. In: The  mycotoxin 
factbook. Edited by: D. Barug, D. Bhatnagar, 
H.P. van Egmond, J.W. van 717 der Kamp, W.A. 
van Osenbruggen, A. Visconti. Wageningen Aca-
demic Publisher, p. 363-375. 

Scumadore, K.A. and Patel, S. (2000). Survey for 
aflatoxins, ochratoxin A, zearalenone and 
fumonisins in maize imported into the United 
kingdom. Food Addit. Contam. 17(5): 407- 16. 

Shawky, M.A.N.; Hassan, A.A.; Sayed El Ahl, 
R.M.H. and Mahmoud, H.H. (2014). Evalua-
tion of the antimicrobial effect of zinc oxide na-
noparticles on Listeria monocytogenes and Can-
dida albicans isolated from infected Egyptian 
buffalo suffering from abortion.  2 nd Scientific 
Conference of Scientific Ass.Of An. Health Res. 
Inst., 2-4 February (2014). pp. 110 – 119. 

Sohn, H.B.; Seo, J.A. and Lee, Y.W. (1999). Co-
occurrence of Fusarium mycotoxin in mouldy 
and healthy corn from Korea. Food Addit Con-
tam. Apr; 16(4): 153-8. 

SPSS 14 (2006). ―Statistical Package for Social 
Science, SPSS for windows Release 
14.0.0, and 12 June, 2006. Standard Version, 
Copyright SPSS Inc., 1989-2006, 
All Rights Reserved, Copyright ® SPSS Inc. 
USA. 

Syed El- Ahl, R.M.H.; Refai, M. and Hassan, 
A.A. (2006). "Prevalence of fungi and toxigenic-
ity of A. flavus and A. ochraceus isolated from 
single and compound feed with particular refer-
ences to the elimination of these contaminants." 
Egypt. J. Agric. Res., 86 (1): 500- 510. (10). 

Szuetz, P.; Mesterhazy, A; Falkay, G.Y. and 
Bartok, T. (1997). Early telarche symptoms in 
children and their relations to zearalenon contam-
ination in foodstuffs, Cereal Res. Commun. 25, 
429–436. 

Tobias, S.; Rajic, I. and Vanyi, A. (1992).  Effect 
of T-2 toxin on egg production and hatchability 
in laying hens. Acta Vet. Hung. 1992, 40, 47–54. 
[PubMed]. 

Ueno, Y. (1984). Toxicological features of T-2 tox-
in and related trichothecenes. Fundament. Appl.  

Ueno, Y. (ed.). (1983). Developments in food sci-

ence, vol. 4. Trichothecenes—chemical, biologi-
cal, and toxicological aspects. Elsevier, Amster-
dam. 

Violeta, V.; Catalin, P.; Constantin, F.; Monica, 
A. and Marius, B. (2011). Nanoparticles appli-
cations for improving the food safety and food 
processing. 7th International Conference on Ma-
terials Science and Engineering, Bramat, Brasov, 
24– 26 February 2011, 77. 

Waalwijk, C.; Vanheule, A.; Audenaert, K.; 
Zhang, H.; Warris, S.; van de Geest, H.; van 
der Lee, T. (2017). Fusarium in the age of ge-
nomics. Tropical Plant Pathology. 42(1): 184-
189. 

Wallace, R.J. and Newbold, C.J. (1992). Probiot-
ics for ruminants. In R. Fuller, ed. Probiotics. 
The Scientific Basis. Chapman & Hall, London, 
pp. 317-353. 

World Health orgainsation (WHO). 2001. Safety 
evaluation of certain food additives and 768 con-
taminants. Food Additives Series, No. 46:(392 
pages). 

Yage, X.; Qingliian, X.; Xihong, L.; Zhenmin, C. 
and Juan, Y. (2012). Antifungal activities of 
clove oil against rhizopus nigricans , aspergillus 
flavus and penicillium citrinum in vitro and in 
wounded fruit test. Journal of Food Safety, 
32, 1, 84–93. 

Zhao, Y.; Zhao, L.; Zheng, X.; Fu, T.; Guo, H. 
and Ren, F. (2013). Lactobacillus salivarius 
strain FD 889 induced longevity in caenorhab-
ditiselegans by dietary restriction J. Microbiol., 
51(2): 183-8. 

https://www.researchgate.net/publication/
http://onlinelibrary.wiley.com/doi/10.1111/jfs.2012.32.issue-1/issuetoc

