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ABSTRACT

Objectives: Pakistan is among the top agricultural countries around the globe, but mycotoxin contamina-
tion causes a major commercial loss every year. The present study aimed to isolate the fungi and their
mycotoxins present in contaminated feed of animals in the local market of Peshawar.
Methodology: The antifungal activity of certain plant extracts was to be tested against pathogenic fungi.
TLC method was used for mycotoxin analysis and it was found that Aflatoxin G1, G2, B1 and B2 were pre-
sent in different amounts both qualitatively and quantitatively based on samples.
Result: This study found the presence of contamination in all the tested feed samples. All ten samples
were found positive for Aspergillus flavus. B1 toxin was found in high quantity in all ten samples, while
G2 was found in a lower quantity as compared to other toxins such as G1, B1 and B2. The quantity of afla-
toxin was from 48.6 to 284.7 ppb in 25 g of samples. In the case of antifungal potency, all plant extracts
showed important antifungal potency against tested fungi. The MIC and MFC values noted ranged from
110 to 300 mg/ml and 100-300 mg/ml respectively. Citrus aurantium and Myrtus communis were
absorbed to have antifungal potency against all test fungi. Citrus aurantium extracts were also found to
inhibit the growth of Aspergillus flavus.
Conclusion: According to the results of the present research, a variety of fungal strains and aflatoxins
were present in animal feed in numerous parts of Peshawar, Pakistan and different plant extracts can
be used in animal feed to reduce this type of contamination.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: FAO, Food and Agriculture Organization; PCSIR, Pakistan Council
of Scientific and Industrial Research; PDA, Potato Dextrose Agar; PDB, Potato

1. Introduction

Dextrose Broth; MIC, Minimum Inhibitory Concentration; MFC, Minimum Fungi-

cidal Concentration; TLC, Thin Layer Chromatography; UV, Ultra violet.
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Pakistan is mainly dependent on its agriculture sector. About
half of Pakistan’s population is dependent upon agriculture. Differ-
ent researchers recommended that agricultural development is
directly related to the national economy of the country (Ali and
Igbal, 2004). In addition to other agriculture products, livestock
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is also thought to be an important contributor to Pakistan’s GDP
because it adds almost 37% value-addition to the national GDP.
According to the Food and Agriculture Organization (FAO) reports,
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25% of the cereals in the world are destroyed by mycotoxins
(Klopfenstein,2000).

Mycotoxins are diverse types of molecules that are injurious to
living things. They are generally present in cereals and grains dur-
ing the pre or post-harvesting stage and due to their varied toxic-
ity, they are considered injurious for the users (Yiannikouris and
Jouany,2002). Many species of fungi account for the production
of mycotoxins in animal feedstuff (Yiannikouris and Jouany,2002;
Salari et al., 2012). The threat of mycotoxin contamination espe-
cially aflatoxin in cereals, grains and other field crops is a serious
safety concern for the world (Reddy et al.,2009).

In olden times, many techniques were used to inhibit the pro-
gression of mycotoxins i.e. microorganisms, absorbents, chemicals
and ionizing radiations (Sinha, 1998). Nevertheless, natural plants
and plant extracts have expanded the attention of researchers due
to their less toxic effects. Natural compounds from higher plants
are cheap and ecofriendly and are considered as antimicrobial
agents (Reddy et al., 2009; Gongalez et al., 2003).

Plants possessing powerful antimicrobial properties can be used
to protect food from different types of toxins. Natural compounds
from the plant can also be served as antifungal agents (Abid et al.,
2022). Additionally, citrus plants are reported to have medicinal
importance. Crude extracts from these plant’s families can be used
as natural remedies to cure many diseases i.e. diarrhea, constipa-
tion and vomiting, etc (Gongalez et al., 2003). Citrus fruits have
an ample amount of carotenoids, minerals, limonoids, essential
oils, flavonoids, acridone alkaloids, and vitamin B and C complex.
Limonoids, glycosides, flavones and polymethoxyflavones are the
flavenoids naturally produced by citrus plants. (Gongalez et al,
2003; Sinha, 1998). They have many health regulating activities
i.e. anti-viral, anti-cancerous, anti-fungal, anti-bacterial, anti-
oxidant, and anti-allergic potencies. Lemon juice is employed as
a diuretic agent, antiscorbutic and also used against the common
cold (Salari et al., 2012). Moreover, the antifungal and anti-
aflatoxigenic efficacy of Aloe vera, Zizyphusspina, Cassia italica,
Lavandula vera, Olea europaea, Ricinus communis, Lawsonia inermis,
Prosopisjuliflora, Datura stramonium and Eucalyptus globulus is also
documented to be used as inhibitors of aflatoxin production
(Reddy et al.,2009). The current study aimed to isolate the fungal
species and also analyze their mycotoxins in the samples of animal
feeds available in the local markets of Peshawar. Also, it was aimed
to test the antifungal activity of different plant extracts against
those fungal species. The synergistic effects of toxin inhibition
and mycoflora promotion were also aimed in the present study.

2. Methods and materials
2.1. Plant samples

Six different medicinal plant leaves i-e; Aloe vera (Aloe), Myrtus
communis (Myrtle), Citrus sinensis (Sweet orange), Emblica offici-
nalis (Amla), Citrus limon (Lemon) and Citrus aurantium (Sour
orange) were collected from Pakistan Council of Scientific and
Industrial Research (PCSIR) Peshawar, Pakistan (Table 1). The plant
samples (N = 6) were shade dried and crushed to obtain a powder.

Table 1
List of plants used in the study.

Plant name Family Urdu/local name English name
Aloe vera Liliaceae Aloe vera Aloe

Citrus aurantium Rutaceae Narangi Bitter orange
Citrus sinensis Rutaceae Malta Sweet orange
Emblica officinalis  Phyllanthaceae Amla Indian gooseberry
Citrus limon Rutaceae Leemu Lemon

Myrtus communis ~ Myrtaceae Mehndi/hina Myrtle
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2.2. Preparation of aqueous extracts

Concisely, 50 g of dried powder of selected plants was soaked in
about 500 ml sterile purified water. Then the mixture was filtered
with a muslin cloth. After filtration, the mixture was centrifuged at
4000 rpm for 30 mins. The supernatant was further processed for
filtration through Whatman filter paper No.1. The extract was then
stored at 4 °C.

2.3. Sample collection areas

Different areas of Peshawar were visited and ten animal feed
samples were purchased. The samples were processed within
48 h of being collected. Table 2 shows the animal feed samples.

2.4. Determination of total count of fungal colonies

The pour plate technique was used to determine fungal colo-
nies. In 450 ml butterfield solution, 50 g of animal feed was added
and mixed for 2 min after that, serial dilutions were made up to
1076 folds. Potato Dextrose Agar (PDA) was used for the culturing
of fungal isolates. A total of 20 ml media was transferred to each
petri plate. After solidification of the media, the petri plates were
incubated for 25 °C. Then 1 ml sample from each serially diluted
tube was inoculated in sterilized petri plates. The plates were again
placed in an incubator and after 3 to 5 days fungal colonies were
appeared and calculated per 1 g of sample (Bhatti et al.,1990).

2.5. Isolated fungal colonies characterization

The isolated colonies were identified through microscopic anal-
ysis. The glass was prepared by adding 2 drops of lactophenol cot-
ton blue dye on the glass. A small amount of the fungal sample to
be tested was taken from the media and placed on the glass slide
portion where the dye was added. A cover slide was placed over
the sample and pressed a little until a small bubble was created
in order to release the in-between air. To improve the observation,
the hyphal growth was broken. The slides were observed under
various magnifications. Characteristics like conidial head, conidial
organization and hyphae were observed and noted (Habib et al.,
2015).

2.6. Maintenance of fungal culture

The cultures were placed in PDA media and were served for fur-
ther analysis (Satish et al., 2007).

2.7. Inoculum preparation

The strains were grown on PDA media at 27 °C and 7 days after
their, the spores of these fungal species were grown on agar plates.
The cells from the stored cultures were transferred and diluted

Table 2
List of locations and codes of
samples collected during study.
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with fresh potato Dextrose Broth (PDB). The spores suspension was
kept at the level of 2x10°cfu/ml spores (de Lima et al., 2013; Abril
et al., 2008).

2.8. Antifungal activity assay

The leaf extract of six selected plants was analyzed for antifun-
gal activities through the disc diffusion method (Yaseen
et al.,2022). The process was performed in tight septic conditions
and the tests were performed in triplicate to avoid errors. The zone
of inhibition was measured in millimeters. The antifungal activity
test was done under extreme aseptic conditions.

2.9. Determination of minimum inhibitory concentration (MIC) of
prepared extracts

The MIC value was determined using the standard methodology
documented by (Awang et al., 2011).

2.10. Determination of minimum fungicidal concentration (MFC) of
prepared extracts

MFC value was determined using the standard method docu-
mented by (Dahham et al., 2010). The minimum concentration
required to inhibit the growth of fungi was recorded.

2.11. Percent mycelial inhibition of A. flavus using poison food
technique

To check the antifungal activity of selected plants against A. fla-
vus, aqueous extracts of these plants were made. The food poison
technique previously used by (Mohana and Raveesha, 2007) was
used for this process. Autoclaved distilled water was taken as a
control sample. Four replicates were maintained for each concen-
tration of aqueous extract. The efficacy of these extracts was
observed in terms of percent inhibition (%) of the fungal mycelial
growth using the following formula: 1% = (dc-dt) x 100/dc
(Thippeswamy et al., 2014).

dc = ‘average diameter of mycelial growth in the control’.

dt = ‘average diameter of mycelial growth in the treatment’.

2.12. Analysis and quantification of mycotoxins/aflatoxin by TLC
technique

For the analysis of mycotoxins in the feed samples, the thin
layer chromatography (TLC) technique was used (Bhatti et al.,
1990). For visualization of aflatoxins on TLC plates, the plates were
observed under Ultra-Violet light at 366 nm and 254 nm in a closed
system and their spot intensities were compared.

2.12.1. Calculation

Effective Weight:
150mlof 1%filtrate x 250mlof 2™ filtrare x 8mlextracttaken

Sampletaken(grams)todryness
MT1ofH20inslurry x 150ml + 170ml + 30ml x 20mlchloroform

+200mlofacetone1® filtrateNaOHFeCl;
= Effective Weight

Comparison of Standard:

Aflatoxin Conc.in ppb or pg/kg

_ Standardspotvol.inul x Conc.ofstandardin%dilutionofextractinjil
N Sample spotvol.inul x Effective Weight
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2.13. Statistical analysis

Experiments were performed in triplicates and the values of
these experiments were presented as mean values + standard
errors. The analysis was done with ANOVA using SPSS 20 software.
The difference of 0.05 between values was considered statistically
significant.

3. Results
3.1. Quantification of fungus in animal feed

All the samples were found to have a variable number of fungal
colonies that were presented as cfu/g in Fig. 1. The highest TPC
value of 4x102! was shown by sample C while A was found to have
the lowest TPC value of 5x10'# All other samples showed moder-
ate TPC values.

3.2. Fungal flora of animal feed samples

The plating technique was used for the investigation of feed
samples. A representative figure of a couple of isolates is shown
in Fig. 2 and Fig. 3. Table 3 shows the list of isolated fungi samples.
Seven species of Aspergillus i-e; A. parasiticus, A. flavus, A. niger, A.
ochraceus, A. clavatus, A. fumigatus, A. carbonarius and three species
of Penicillium i-e; P. citrinum, P. verrucosum and P. notatum were
obtained from feed samples. All ten samples were found positive
for Aspergillus flavus while only one sample was positive for Asper-
gillus notaum i-e; sample G.

3.3. Antifungal activity of plant’s leaves aqueous extracts

Table 4 shows the antifungal activity of plant extracts. Citrus
sinensis showed the highest activity 13 + 0 mm) against Aspergillus
niger while Aloe vera was reported to have the least inhibition
(07 £ 1 mm). Aspergillus niger and Citrus lemon showed no antifun-
gal activity. In the case of Aspergillus flavus, the widest zone of inhi-
bition (15 = 1) was shown by Citrus aurantium., while the least
activity (09 = 1 mm) was shown by Citrus limon. Emblica officinalis
showed no activity. The activity of Citrus sinensis was highest
(15 £ 0 mm) against Aspergillus parasiticus, and lowest was that
of Citrus lemon (07 £ 1 mm) against Aspergillus parasiticus. The anti-
fungal activity of all the water extracts of selected plants against
tested fungi is summarized in Table 4.

3.4. MIC of plant’s leaves aqueous extracts

The Minimum Inhibitory Concentration (MIC) of the selected
plant’s leaves aqueous extracts was carried out by microdilution
method which is listed as MIC value mg/ml in Table 5. The MIC
value Citrus sinensis 160 mg/ml against Aspergillus niger, MIC value
of Citrus aurantium was 240 mg/ml against Aspergillus niger. In the
case of Aspergillus flavus, Citrus aurantium exhibited MIC at 130
mg/ml, whereas Citrus limon had the highest MIC (210 mg/ml).
Against Aspergillus parasiticus, the lowest MIC was observed in
Citrus Sinensis (140 mg/ml) whereas the highest MIC was observed
in Emblica officinalis (210 mg/ml). Against Aspergillus ochraceus the
lowest MIC value was found in Citrus aurantium (110 mg/ml)
whereas the highest MIC value was found in Emblica officinalis
(210 mg/ml) and Aloe vera (210 mg/ml). A summary of the MIC
value of all the test plants against the isolated fungi is described
in Table 5.
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Fig. 1. All samples showing different TPC values.

Fig. 2. Growth of Aspergillus flavus on PDA medium.

3.5. MFC of plant’s leaves aqueous extracts

The MFC value of the aqueous extracts of selected plants was
performed by the microdilution method. In the case of Aspergillus
niger MFC value was 180 mg/ml in Citrus sinensis, while the highest
MFC value was noted in Aloe vera i-e; 240 mg/ml. In the case of
Aspergillus flavus, Citrus aurantium showed the lowest MFC value
i.e 150 mg/ml, however, Citrus limon showed the highest MFC value
i.e. 230 mg/ml. In the case of Aspergillus parasiticus the least MFC
value was shown by Citrus sinensis (160 mg/ml), while the highest
MFC was observed in Emblica officinalis (290 mg/ml). A summary of
the MIC value of all the test plants against the isolated fungi is
described in Table 6.

Fig. 3. Growth of Aspergillus ochracheus on PDA medium.

3.6. Toxicological analysis of animal feed

In the current study, the amount of aflatoxin was calculated by
the TLC method in 25 g of each feed sample. Feed samples were
screened for the presence of aflatoxins B1, B2, G1 and G2. The num-
ber of aflatoxins found in ppb in each 25 g is summarized in Table 7.
Results showed that aflatoxin B1 was found in the highest quantity
in sample C and also present in all the samples in variable
amounts. Whereas aflatoxin G2 was found to rarely occur with
the lowest quantity and also present a small quantity in sample I
(12.7 ppb). Furthermore, the highest quantity of total aflatoxin
was detected in sample C i.e. 248.7 ppb, whereas the lowest quan-
tity of aflatoxin was detected in sample E i-e; 48.6 ppb.
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Table 3
Identification of fungal flora.

S. No Sample ID
01 A

Identified Fungus

Aspergillus niger
Aspergillus flavus
Aspergillus parasiticus
Aspergillus carbonarius
Aspergillus niger
Aspergillus flavus
Aspergillus ochraceus
Aspergillus niger
Aspergillus flavus
Aspergillus parasiticus
Aspergillus carbonarius
Aspergillus flavus
Aspergillus parasiticus
Penicillium citrinum
Aspergillus parasiticus
Aspergillus carbonarius
Aspergillus flavus
Aspergillus niger
Aspergillus flavus
Aspergillus parasiticus
Aspergillus carbonarius
Aspergillus notatum
Aspergillus flavus
Aspergillus parasiticus
Aspergillus carbonarius
Aspergillus flavus
Aspergillus parasiticus
Penicillium citrinum
Aspergillus niger
Aspergillus flavus
Aspergillus parasiticus
Aspergillus carbonarius
Aspergillus ochraceus
Penicillium citrinum
Aspergillus niger
Aspergillus flavus
Aspergillus parasiticus
Aspergillus carbonarius

02 B

03 C

04 D

05 E

06 F

07 G

08 H

09 I

3.7. Percent mycelial inhibition of A. flavus

The antifungal activity of the aqueous extract of each plant was
determined against A. flavus by poison food technique for the
determination of percent mycelial inhibition. The result is presented
in Fig. 4. Citrus aurantium showed the highest (62.3 + 0.33) mycelial
inhibition of A. flavus, while Citrus limon showed the lowest mycelial
inhibition (46.5 + 0.46).

4. Discussion

The present study was carried out to check the antifungal effect
of the plant leaves aqueous extract of specific plants to inhibit or

Table 4
Antifungal activity of plant’s leaves aqueous extracts.
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lower the fungal growth and their mycotoxins in animal feed sam-
ples. In the current study, six medicinal plants (listed in Table 1)
were used to investigate their antifungal and antimycotoxinigenic
capacity. The highest activity among six plants was shown by Myr-
tus communis against aspergillus clavatus. It has been previously
reported that Myrtus communis has significant antifungal ability
against dermatophytic fungi. The research has confirmed that
methanolic extract of M.communis leaves inhibits Mycosporum
canis (Mehrabani et al.,, 2013). In another study, the growth of R.
solani was inhabited by 60% through essential oils of Myrtus com-
munis at a concentration of 1600 ppm (Curini et al., 2003). The dif-
ference between the results of our study and Curini et al., (2003)
may be due to the techniques used to calculate antifungal activity
and selection of test fungi.

Numerous studies exposed the noteworthy biological activity of
Aloe vera against bacteria, viruses, and fungi. Ethanol and aqueous
extract of Aloe vera had shown exciting results against a number of
bacteria and fungi. (Nidiry et al., 2011). In the current study aque-
ous, extracts of aloe vera leaves were tested that inhibited the
growth of different species of Aspergillus and Penicillium.

Shireen et al., (2015) documented that Aloe vera extract showed
strong antifungal activity against Candida albicans (Shireen et al.,
2015). In the present study, an aqueous extract of Aloe vera leaves
was also subjected to the percentage (%) mycelial inhibition of
Aspergillus flavus and results showed that about 51 + 0.37% growth
was inhibited. Coopoosamy and Magwa et al., (2007) documented
the antifungal activity of Aloe vera and reported that Aloe vera
restricts the growth of Aspergillus niger to 24.29%, 9.26% of Aspergil-
lus flavus growth and 6.24% of Penicillium digitatum growth
(Coopoosamy and Magwa et al., 2007). Moreover, Kawai and his
group (1998) showed that crude extracts of Aloe vera controlled
the production of aflatoxin (Kawai et al., 1998).

Sharma and Tripathi, 2009 reported that citrus essential oils
comprise a complex mixture of volatile compounds having a
potential antifungal activity that reduces the growth of fungi
in a dose-response manner or inhibits fungal growth. In the pre-
sent research, the Citrus sinensis leaves were found to be an
effective inhibitor against Penicillium and Aspergillus. The highest
antifungal activity of Citrus sinensis was recorded against Asper-
gillus parasiticus whereas MIC and MFC were recorded as
140 mg/ml and 160 mg/ml respectively and their results showed
MIC 4.09.0 pl/ml against the Trichoderma harzianum and Verticil-
lium fungicola.

In the present research, the C. sinensis leaves extract was also
subjected to the percentage (%) mycelial inhibition of Aspergillus
flavus. (Chutia et al., 2009) studied C. sinensis essential oil for the
percentage (%) growth inhibition of diverse fungal species, they
found that C. sinensis inhibited Fusarium oxysporum Alternaria alter-
nate (84%) (42%), Curvularia lunata (93.25%) and Helminthosporium
oryzae (54%). The variation of our results in comparison with

Name of Fungus Zone of inhibition in milimeter (mm)

Aloe vera Citrus limon Citrus aurantium Citrus sinensis Emblica officinalis Myrtus communis

A. parasiticus 13+1.0 7+1.0 11+1.0 15 + 00 6+1.0 13 £+ 00
A.. flavus 11+£0.6 9+1.0 15+1.0 11 £ 00 Nz 14+1.0
A. ochracheus 09 £ 1.0 10 £ 00 17 +£1.0 11+1.0 920 11+1.0
A. fumigatus 14+ 0.0 13+1.0 10+2.0 14+2.0 11+1.0 13 £+ 00
A. niger 07 £1 NZ 9+20 13 +00 10+ 1 10+ 1.0
A. carbonarius 10+ 2.0 8+20 12+1.0 9+20 6+1.0 9+ 00

A. clavatus 08 £ 0.0 11+£1.0 12 + 00 8+1.0 7+2.0 17+1.0
P. citrinum Nz 9+ 00 11+£1.0 11+1.0 7 + 00 8+1.0

P. notatum 15 £ 00 7+1.0 9+1.0 10 + 00 10+ 1.0 14+1.0
P. verrucosum 06 £ 00 8+20 10+ 0.5 7+05 9+1.0 11+£1.0

NZ: No zone of inhibition.
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Table 5
Antifungal activity MIC of plant’s leaves aqueous extracts.
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Name of Fungus MIC Value mg/ml

Myrtus communis Emblica officinalis Aloe vera Citrus sinensis Citrus aurantium Citrus limon
A. niger 180 180 230 160 240 NA
A. flavus 160 NA 170 170 130 210
A. parasiticus 170 290 150 140 170 230
A. ochracheus 170 210 210 180 110 190
A. carbonarius 210 300 190 230 170 230
A. fumigatus 160 180 170 150 200 160
A. clavatus 100 240 230 240 160 170
P. notatum 150 200 150 190 210 160
P. citrinum 210 250 NA 180 170 150
P. verrucosum 170 240 280 250 180 180
NA: not applied.
Table 6
Antifungal activity MFC of plant’s leaves aqueous extracts.
Name of Fungus MFC Value mg/ml
Myrtus communis Emblica officinalis Aloe vera Citrus sinensis Citrus aurantium Citrus limon
A. niger 200 200 240 180 240 NA
A. flavus 170 NA 200 190 150 230
A. parasiticus 180 290 180 160 190 240
A. ochracheus 190 230 230 190 130 210
A. carbonarius 230 300 210 230 200 230
A. fumigatus 170 200 180 170 210 180
A. clavatus 110 260 250 260 180 190
P. notatum 160 210 170 210 230 170
P. citrinum 230 260 NA 190 190 180
P. verrucosum 190 220 300 250 200 200
NA: not applied.
Table 7
Toxicological analysis of animal feed samples.
Sample ID B1 (ppb) B2 (ppb) G1 (ppb) G2 (ppb) Total Aflatoxin (ppb)
A 48.6 26.7 ND ND 75.3
B 53.8 30.6 ND ND 84.4
C 136.5 63.9 67.7 16.6 284.7
D 57.6 23.1 17.6 ND 98.3
E 36.8 ND 11.8 ND 48.6
F 88.5 24.2 13.5 ND 126.2
G 67.3 19.6 9.7 ND 96.6
H 343 17.8 ND ND 52.1
[ 112.8 51.9 28.2 12.7 205.6
] 79.2 34.4 7.5 ND 121.1

ND = Not detected.

earlier studies is possible because of the selection of different fun-
gal species and methods.

In our study, Citrus aurantium presented high antifungal effi-
ciency. The highest activity was found in the case of Aspergillus
ochraceus, the zone of inhibition was calculated as 17 + 1 mm,
where MIC and MFC were noted to be 110 mg/ml and 130 mg/ml
respectively. (Hsouna et al., 2013) found that the antifungal
potency of Citrus aurantium against the growth of, Fusarium, Alter-
naria alternata and Aspergillus. According to this research, Citrus
aurantium essential oil inhibited the growth of Fusarium gramin-
earum and Aspergillus flavus with a zone of inhibition of 22 mm
and MIC value of 78 pg/ml respectively. Also, Citrus aurantium
showed high antifungal potential against Aspergillus niger. Fusar-
ium oxyporum and Aspergillus flavus. The zone of inhibition ranged
14-34 mm and MIC was 0.078-1.25 mg/ml.

In the current investigation, Citrus limon showed modest anti-
fungal activity. The most important activity was recorded in the
case of Aspergillus clavatus and its zone of inhibition was 11 mm.
In the present research, the percentage (%) of mycelial inhibition

of A. flavus was also done. Citrus limon inhibited the growth of A.
flavus up to 46.5 + 0.46%. Similarly, the percentage (%) of mycelial
inhibition of A. flavus was also done by (Chutia et al., 2009). Fur-
thermore, Citrus limon essential oil also restricted the growth of
A. flavus up to 44.0 + 0.07%. Fisher and Phillips, (2006) found that
the spread of foodborne microbes can be controlled by using essen-
tial oils of different citrus plants such as C. sinensis, C. limon, C. ber-
gamia and their constituents. Also, (Hosni et al., 2010) reported
that three monoterpenes are effective antifungal components that
are 1,8-cineole, thymol, and (S)-limonene. (Hosni et al., 2010)
found that essential oils from C. limon showed antifungal activity
against Glomerella cingulata and Fusarium oxysporum.

5. Conclusions
Despite the existence of plentiful agricultural-based food

resources for livestock in Pakistan, some pathogenic fungal species
are accountable for polluting livestock feed by making mycotoxins.
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Fig. 4. % Mycelial inhibition of A. flavus by selected plant extract. Data given are the mean of four replicates + standard error.

Moreover, mycotoxin contamination, mainly aflatoxins, is the main
distress for the safety of grains and other field crops around the
world. Natural plants and plant extracts, on the other hand, have
captured the attention of the scientific community due to their less
toxic effects. Natural products derived from higher plants are envi-
ronmental friendly, biodegradable, substantial, and have antifun-
gal and antimycotoxigenic properties. Results of the present
study showed that all the aflatoxins i.e., G1, G2, B1 and B2 were
present in varying amounts depending on the plants. The highest
quantity was present of B1 in all ten samples while G2 was in a
lower amount as compared to other samples. Relating to the anti-
fungal properties of the samples Citrus aurantium and Myrtus com-
munis were absorbed to have antifungal potency against all test
fungi. Citrus aurantium extracts were found to inhibit the growth
of Aspergillus flavus. Future research is needed to investigate the
proper genomic understanding of these mycotoxins as an effective
treatment therapy. Furthermore, good surveillance and proper
hygienic measures should be implemented to reduce the likelihood
of pathogenic contaminants in animal feed.
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