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ABSTRACT

Peanuts (Arachis hypogaea L.) represent one of the most vulnerable crops to infection by Aspergillus flavus under
storage conditions. Accordingly, peanuts represent a major source of aflatoxin. The mycelial growth diameter of
A. flavus was dramatically reduced by all tested plant extracts and their various concentrations as compared to the
control. Thyme extract was the most effective in reducing the linear growth and the total aflatoxin production of
A. flavus in vitro. Application of plant extracts on peanuts before the artificial infection with A. flavus under storage
conditions showed high efficiency of reducing total aflatoxin production compared to the control. Thyme extract
at concentration 5% was the most effective treatment in reducing total aflatoxin production. According to the
protein electrophoresis results of A. flavus treated with rosemary, thyme, and basil plant extracts, thyme treatment
caused the development of newly produced proteins with about 25 kDa molecular weights. Whereas in A. flavus
isolate treated with rosemary, two bands with molecular weights of 63 and 75 kDa, respectively, entirely were
vanished. Similarly, A. flavus isolate treated with basil resulted in disappearance of one band with molecular weight

of 63 kDa.
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INTRODUCTION

One of the most significant oilseed crops in
the world is groundnut (Arachis hypogaea L.),
which is grown in more than 100 nations
(Dwivedi et al., 2003). With a total yearly yield
of 43.98 million tons, groundnuts are grown on
27.66 million hectares around the world
(FAOSTAT, 2018). It serves as a significant
source of both income and food (lzge et al.,
2007). The producing area in Egypt is 142,642
feddan and the production is of 198,763 tons
(Mahmoud et al., 2021). Peanuts provide the
body with protein, fat, and vitamins (Settaluri et
al., 2012) as well as minerals that are important
for health and widely consumed by all ages
(Lavkor and Var, 2017). However, peanuts can
cause allergic reactions for some people (Shreya,
2016), and the greatest contamination risk is the
presence of aflatoxins (Nyirahakizimana et al.,
2013). Horn et al. (1995) mentioned that peanuts
are considered to be one of the most vulnerable

crops because Aspergillus flavus or A. parasiticus
can infect peanut kernels. As a result, peanuts
represent a major source of aflatoxin in people's
diets (Mutegi et al., 2013). Aflatoxins are potent
liver carcinogens and are now listed by the
International Agency for Research on Cancer as

Group 1 carcinogens. (Anonymous., 2002)
Additionally, aflatoxins ~ possess  acute,
immunosuppressant, and chronic genotoxic

properties (Williams et al., 2004). The main
producers of aflatoxins, as secondary
metabolites, are Aspergillus flavus, A. parasiticus
and A. nomius (Pitt and Hocking, 2009).
Different strategies have been investigated to
prevent aflatoxins from contaminating peanuts.
One of the best strategies to reduce mycotoxin
contamination in food and feed is to prevent the
growth of toxic fungus on sensitive substrates.
(Kabak et al, 2006). Despite rising public
concern over chemical residues and the spread of
resistance in pathogen populations, the chemical
fungicides are nevertheless extensively used to
control plant diseases (Tripathi and Dubey,
2004). The increasing risk of health caused by
fungicides residues in food, such as cancer, liver
diseases, and endocrine disruption, has prompted
the quest for sustainable agricultural
management alternatives (da Silva, 2020).
Humans have relied on medicinal plants and their
products from prehistoric times all over the
world. Basil (Ocimum basilicum L.) has already
been demonstrated that it has antimycotoxigenic,
antiradical,  antioxidant, antifungal, and
antibacterial properties (Mezeyova, 2020).
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Alkadi (2021) reported that Ocimum basilicum
extract has antifungal properties against A.
parasitiucus and A. flavus. Rosemary
(Rosmarinus officinalis L.) is widely used as an
anti-inflammatory, carminative agent, circulatory

stimulus, and alleviates rheumatic muscle
(Borges et al, 2019). Moreover, it has
antiaflatoxigenic and antifungal properties

against A. flavus (Prakash et al., 2015). Thyme
(Thymus vulgaris L.) is a medicinal aromatic
herb; it has antibiotic, antiseptic and antifungal
activities (Ekoh et al., 2014). Strelkova et al.
(2021) reported the potential antifungal effects of
thyme, against certain fungi including
Aspergillus spp. The major goals of the current
study are to ascertain the antifungal properties of
thyme, rosemary, and basil as plant extracts as
well as how they affect the growth of A. flavus'
mycelium. Using the VICAM technique, it is also
possible to assess how these extracts affected the
synthesis of aflatoxins.

MATERIALS AND METHODS

Preparation of plant extracts:

Fresh leaves from thyme, rosemary, and basil
plants were gathered, properly rinsed with tap
water, and then allowed to air dry. Plant tissue
weighing 100 g was mashed in a mortar and
pestle. Each plant sample was extracted
separately using an equal volume (100 mL) of
sterilized distilled water for 24 hours at room
temperature. The resulting extracts were
separated, filtered, and heated to 40°C. The dried
crude extracts were then dissolved in sterilized
distilled water to create stock solutions of each
extract, which were then stored in the fridge until
needed.

Impact of plant extracts on mycelial growth of

A. flavus on PDA in vitro:

To obtain the concentrations of 1, 3, and 5%
(v/v), extracts of sweet basil, rosemary, and
thyme were introduced separately to PDA flasks
that had been sterilized. A. flavus discs (5 mm in
diameter) obtained from peanuts were inoculated
onto three PDA medium plates, and
morphological characteristics were examined
under a microscope to identify. For Petri plates, a
25 °C incubator was utilized. After three days, the
radial growth of the tested fungus was measured
in each treatment and compared to the control.
According to the methodology proposed by
Topps and Wain (1957), the percentage of fungal
growth inhibition was computed when the fungal
growth of the control plates (without treatments)
entirely filled the plates.

% Inhibition = A-B /A x 100
A= the linear growth in control treatment.
B= the linear growth of treated fungus.

Impact of plant extracts on suppression of
aflatoxins production by A. flavus on
potato dextrose broth (PDB) in vitro:

Plant extracts were used to culture A. flavus in
250 mL-Erlenmeyer flasks containing 50 mL
PDB. A. flavus spore suspension comprising 2.5
mL and 1 108 spores/mL was added to the flasks,
along with various plant extracts at final
concentrations of 1, 3, and 5% (v/v). As a control,
PDB was inoculated with 2.5 mL of an A. flavus
spore suspension (1 x 10% spores/mL). The
mycelial biomass of A. flavus was then measured
after being incubated for 7 days at 28 °C on a 150-
rpm rotary shaker. The total aflatoxin
concentrations in culture broth filtrates were
measured using the immunoaffinity fluorometric
technique with the AflaTest® Fluorometer
Series-4 (VICAM 1. P, USA). A blender jar was
filled with 5 g of sodium chloride and 50 mL of
culture broth filtrate after they had been
combined and weighed. The jar was then mixed
at a high speed for 1 minute to extract the
aflatoxins using 100 mL of an 80:20 by volume
mixture of methanol and water. The mixture was
filtered through Whatman filter paper No. 1
before being diluted four times with distilled
water and going through a glass-microfiber filter
once more. The filtrate was injected into a 2 mL
Aflatest® immunoaffinity column and allowed to
elute at a rate of 1-2 drops/sec. Aflatoxin residue
was removed from the column using 1 mL of
high-performance  liquid  chromatography
(HPLC) grade methanol after the column had
been washed twice with 1 mL of distilled water.
The total aflatoxin concentration was measured
using a pre-calibrated VICAM  Series-4
Fluorometer set at 360 nm absorption and 450 nm
emissions after 1 mL of bromine developer was
added to the methanol elute. The averaged results
for each sample were provided in part per billion
(Kaaya and Eboku, 2010).

Impact of plant extracts on suppression of
aflatoxins Production by A. flavus in
peanuts under storage conditions:

The surface of the peanut kernels was
sterilized for one minute with 5% NaOCI,
followed by three rinses in sterilized water. 25 g
of peanut kernels were sprayed with 2 mL of each
treatment separately in a Petri dish. 25 ¢ of
peanuts were sprayed with 2 mL of sterile,
distilled water as the control. For each treatment,
there were three dishes in replicate. Afterward, 1
mL of A. flavus spore suspension (1x10%
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spores/mL) was added to the peanut kernels as an
inoculant. The growth of A. flavus on kernels was
visually assessed after incubation at 28°C for 7
days. AflaTest Immunoaffinity = column
(VICAM) Chromatography test, the technique
previously indicated, was used to measure the
concentration of aflatoxins production linked to
peanut kernels in each treatment. There were
three times the trials were carried out.

Extraction of proteins from A. flavus isolates:

Proteins were made using the Guseva and
Gromova-described techniques (1982). The
mycelium that had been cultured for 8 days at 20
to 30°C in the liquid Czapeck's medium was
extracted by filtration through cheesecloth,
numerous washes with distilled water, and
freeze-drying. This frozen mycelium was
extensively mixed with glass beads before being
ground to a fine powder in liquid nitrogen. It was
then floated in phosphate buffer pH 8.3 (1-3 mL/g
mycelium). Centrifugation of the ground
mycelium took place at 0°C for 30 minutes at
19,000 rpm. Bradford (1976) established the
protein concentration of the supernatant by
utilizing bovine serum albumin as a reference
protein.

Electrophoresis of dissociated protein (SDS-

PAGE):

Each supernatant was combined with an
equivalent amount of a solution containing 64%
buffer (0.15 M Tris-HCI, pH 6.8), 20% glycerol,
6% SDS, 10% 2-mercaptoethanol, and 0.1%
bromophenol blue before boiling in a water bath
for 3 minutes. Electrophoresis was performed on
samples of 20 microliters (40 g of protein) using
a 7.5 polyacrylamide gel produced in 0.1% SDS
and 3.5% stacking gel (Laemmli, 1970). In a
7.5% polyacrylamide gel with a 3.5% stacking
gel, electrophoresis was carried out at 10°C for 4
hours at 15 and 30 mA, respectively, until the dye
band reached the bottom of the separating gel
(Laemmli, 1970). A vertical slab mould (Hoefer
Scientific Instruments, San Francisco, CA, USA,
model LKB 2001, measures 16 x 18 x 0.15 cm)
was used for electrophoresis. Three hours of 30
milli-Amper electrophoresis at 10°C were used.
Silver nitrate was used to stain gels in order to
identify protein bands (Sammons et al., 1981).
Gel analysis:

According to Sneath and Sokal (1973), gel
documentation system (Uvitec, Cambridge, UK)
used the unweighted pair group technique of
arithmetic means (UPGMA) to cluster the protein
patterns acquired by PAGE and SDS-PAGE.
Statistical analysis:

To validate the findings, these tests were
carried out three more times. Statistical analysis

software "COStat 6.4" was used to compare
means using Duncan's test at p 0.05 and
determine the standard error (CoStat, 2005).

RESULTS AND DISCUSSION

Impact of plant extracts on mycelial growth
diameter and mycelial growth biomass of
A. flavus on PDA in vitro:

Data presented in Table (1) show that all
tested plant extracts and their different
concentrations  significantly —decreased the
mycelial growth diameter of A. flavus grown on
PDA compared to the control. This reduction was
directly proportional to the increase in the
concentration of the tested plant extracts from 1
to 5 %. In this respect, the linear growth of A.
flavus was most effectively inhibited by thyme
extract, followed by basil and rosemary extracts
as they recorded averages of growth reduction,
being 81.33, 84.73, and 86.55%, respectively,
compared to control. Concerning mycelial dry
weight, data (Table, 1) show the same pattern.
Generally, the reduction in mycelial dry weight
of A. flavus grown in PDB was directly
proportional to the increase in concentration of
the tested plant extracts and showed significant
reduction with averages of 69.85, 72.21 and
63.26%; respectively, compared to control.
Application of the extracts, even if crude, would
probably show better antifungal activities
because the bioactive compounds are usually
concentrated by the extraction process. The
reduction of mycelial growth percentages may be
due to the presence of phenolic compounds in
thyme such as thymol. Positive effectiveness of
the present extracts on mycelial growth inhibition
is somewhat similar to those reported by Ismail
et al. (1989), Khan et al. (1993), Zedan et al.
(1994), Shafie (2004), Halawa (2004), and
Hassanin (2013). Also, the obtained results
showed an increase in the inhibitory effect for
each extract by increasing its concentration are
coincide with Baiuomy (1997), El-Habaa et al.
(2002), and Shafie (2004). On the other hand,
these extracts might contain fungicidal
substance(s), causing inhibition to fungal spores’
germination and preventing the formation of
reproductive organs of the tested fungus. These
findings concur with those made public by
Centeno et al. (2010) and Mohammedi and Atik
(2013).

Impact of plant extracts on suppression of
aflatoxins production by A. flavus on PDB
in vitro:

Tabulated data (Table, 2) represent a gradual
suppression of total aflatoxin production by A.
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flavus due to using all tested plant extracts and
their different concentrations. The percent
inhibition of total aflatoxin production ranged
from 74.15 to 92.64 %, compared to controls. In
this respect, thyme extract was the most effective
in reducing the total aflatoxin production,
followed by basil and rosemary extracts, as they
recorded averages of aflatoxins concentrations,
being 3.9, 6.5, and 9.5 ppb, respectively,
compared to control. This inhibition of activity in
total aflatoxin production may be attributed to the
presence of phenolic compounds with different
amounts and types of the tested medicinal and
aromatic plant extracts such as thymol in thyme.

Due to the inclusion of flavonoids, betalain,
phenolics, phytoalexins, and thiosulfonates, plant
extracts are utilized to detoxify microorganisms.
But mostly antimicrobial and antioxidant
activities of plant extracts are due to their
phenolic alignments (Jayaprakasha et al., 2002).
However, thymol, salicylic acid, cinnamic acid,
vanillyl acetone, and vanillin are phenolic
compounds that ceased A. flavus growth by
targeting oxidative mitochondrial stress as
defense system (Kim et al., 2006). These results
are in harmony with those reported by
Mohammedi and Atik (2013) and Nikan and
Jafari (2015).

Table (1): Impact of plant extracts and their concentrations on mycelial growth diameter and
mycelial growth biomass of A. flavus in vitro.

Treatments Conc. Mycelial growth In_hibition of Mycelial dry weight Inhibiti(_)n of growth
(%) diameter (cm) mycelial growth (%) (mg) weight (%)

1 2.61b 65.93 7.31 bc 38.26
Rosemary 3 1.58b 79.37 6.43 bc 45.69

5 1.43b 81.33 3.57f 69.85

1 156 b 79.63 7.82b 33.95
Thyme 3 1.22b 84.07 6.19 bcd 47.72

5 1.03b 86.55 3.29f 72.21

1 1.60 b 79.11 5.72 cde 51.69
Basil 3 153b 80.03 4.67 def 60.56

5 1.17b 84.73 4.35 ef 63.26
Control - 7.66 a - 11.84a -
L.S.D. at 5% 1.70 - 1.70 R

According to Duncan's multiple range analysis, the means in each column that are denoted by similar letters do

not differ significantly (P<0.05).

Table (2): Impact of plant extracts and their
concentrations on suppression of aflatoxins
production by A. flavus in PDB in vitro.

Treatments %}S g:gt%;)n;) ITfllzlttc;gpngf
' production (%)

1 13.7b 74.15
Rosemary 3 12.0b 77.36

5 95¢ 82.08

1 6.3 de 88.11
Thyme 3 57e 89.25

5 39f 92.64

1 7.7d 85.47
Basil 3 6.2 de 88.30

5 6.5 de 87.74
Control 53.0a -
L.S.D. at5% 1.70

According to Duncan's multiple range analysis, the
means in each column that are denoted by similar
letters do not differ significantly (P<0.05).

Impact of plant extracts on suppression of
aflatoxins production by A. flavus in peanut
kernels under storage conditions:

Results in Figures (1 and 2) show the effect of
using plant extracts in peanuts kernels infected
with A. flavus with their high efficiency for
reducing total aflatoxin production comparing to
the untreated control. Among all treatments,
thyme extract at concentration 5% was the most
effective treatment, recorded 1 ppb; whereas the
lowest efficiency was recorded when peanuts
were treated with rosemary extract at
concentration 1% (2.8 ppb). Furthermore, basil
extract at concentration 5% recorded 1.5 ppb
compared to the untreated control. The percent
inhibition of total aflatoxin production ranged
from 82.50 to 91.88 %, compared to controls. The
action of their phenolic components, including
eugenol, linalool, thymol, and carvacrol, may be
responsible for the reduction of aflatoxins'
harmful effects in inoculated stored peanut
kernels. The acidic character of the hydroxyl
group in these phenolic compounds, which forms
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a hydrogen bond with enzyme activity sites, is
assumed to be responsible for the mycotoxin-
suppressing potential of these compounds

(Mohammedi and Atik, 2013 and Nikan and
Jafari, 2015).

Aflatoxins Conc. (ppb)
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Figure (1): Aflatoxin concentrations (ppb) in peanut kernels treated with each of rosemary, thyme,
and basil plant extracts under storage conditions.
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Figure (2): Percent inhibition of aflatoxin in peanuts treated with rosemary, thyme, and basil plant

extracts under storage conditions.

Electrophoresis of dissociated protein (SDS-

PAGE):

SDS-PAGE analysis was done to assess how
the gene expression of A. flavus changed after
being exposed to extracts from the herbs
rosemary, thyme, and basil. Other treatments did
not reveal all of the protein bands found in the A.
flavus isolates. Protein patterns in the control
group produced bands of altered proteins. The
protein marker contained seven major bands,
including ones that were 66, 45, and 22 kDa,
respectively. Two bands with molecular weights

of 63 and 75 kDa completely vanished in an A.
flavus isolate that had been exposed to rosemary.
Similarly, after basil treatment of an A. flavus
isolate, one band with a molecular weight of 63
kDa vanished. While in the thyme-treated A.
flavus isolate, this led to the creation of newly
expressed proteins with molecular weights of
about 25 kDa (Figure 3). The outcomes are
relatively comparable to those mentioned by
Liang et al (2015). The processing of plant
extracts causes several biological reactions, such
as  oxidative  stress-stimulated  metabolic
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alterations, which successively alter the level of
protein synthesis (Kulatunga et al., 2016). The
toxic effects of plant extracts on fungal cells
originate from significant metabolic changes in

some protein synthesis, as demonstrated by the
lack or presence of some crucial protein synthesis
(Alghuthaymi et al., 2020).

75 KDa
63 KDa

48 KDa

35 KDa

25 KDa

11 KDa
5 KDa

M Rosemary Thyme

Basil Control

Figure (3): SDS-PAGE protein expression profile from A. flavus mycelium treated with basil,
thyme, and rosemary plant extracts. A standard protein molecular weight marker can

be seen in Lane M.
CONCLUSION

In conclusion, this study revealed that
rosemary, thyme and basil plant extracts have the
capability for managing peanut postharvest
disease caused by A. flavus and reducing
aflatoxin production under storage conditions.
Moreover, they are effective defense treatments
due to their low cost and safe to inhibit aflatoxin
contamination in peanuts.

CONFLICTS OF INTEREST
The author(s) declare no conflict of interest
REFERENCES

Alghuthaymi, M.A.; Abd-Elsalam, K.A.; Shami,
A.; Said-Galive, E.; Shtykova, E.V. and
Naumkin, A.V. 2020. Silver/Chitosan
nanocomposites: Preparation and
characterization and their fungicidal activity
against dairy cattle toxicosis Penicillium
expansum. J. Fungi, 6: 51.

Alkadi, H. 2021. Ocimum basilicum: A candidate
plant against aflatoxins production with
antioxidant activity, J. Mater. Environ. Sci.,
12(5): 707-714.

Anonymous, 2002 International Agency for
Research on Cancer (IARC). Aflatoxins.
IARC Monograph on the Evaluation of
Carcinogenic Risks to Humans. Vol. 82,
IARC, World Health Organization, Lyon,
171.

Baiuomy, M.A. 1997. Studies on the inhibitory
activity of different plants against some causal
pathogens. Ph.D. Thesis, Fac. Agric., Al -
Azhar Univ., 145pp.

Borges, R.S.; Ortiz, B.L.S.; Pereira, A.C.M,
Keita, H. and Carvalho, J.C.T. 2019.
Rosmarinus officinalis essential oil: A review
of its phytochemistry, anti-inflammatory
activity, and mechanisms of action involved.
Journal of Ethnopharmacology, 229: 29-45.

Bradford, M.M. 1976. A rapid and sensitive
method for the quantification of microgram
quantities of protein utilizing the principle of
protein dye binding. Analytical Biochemistry
72: 248-254.

Centeno, S.; Calvo, M.; Adelantado, C. and
Figueroa, S. 2010. Antifungal activity of
extracts of Rosmarinus officinalis and Thymus
vulgaris against Aspergillus flavus and A.
ochraceus. Pakistan Journal of Biological
Sciences: PJBS., 13(9): 452-455.




31 Egypt. J. Phytopathol., VVol. 50, No. 2, pp 25-32 (2022)

Costat, 2005. Version 6.311, Copyright CoHort
Software, 798 Lighthouse Ave. PMB 320,
Monterey, CA, 93940, USA.

Da Silva Bomfim, N.; Kohiyama, C.Y,
Nakasugi, L.P.; Nerilo, S.B.; Mossini, S.A.G.;
Romoli, J.C.Z.; Graton Mikcha, J.M.; Abreu
Filho, B.A. and Machinski, M.J.R. 2020.
Antifungal and antiaflatoxigenic activity of
rosemary  essential  oil  (Rosmarinus
officinalis L.)  against Aspergillus  flavus.
Food Addit Contam Part A Chem Anal
Control Expo Risk Assess., 37(1):153-161.

Dwivedi, S.L.; Crouch, J.H.; Nigam, S.N,;
Ferguson, M.E. and Paterson, A.H. 2003.
Molecular breeding of groundnut for
enhanced productivity and food security in the
semiarid  tropics:  Opportunities  and
challenges. Adv. Agron., 80: 153-221.

Ekoh, S.N.; Akubugwo, E.l.; Ude, V.C. and
Edwin, N. 2014. Anti-hyperglycemicand anti-
hyperlipidemic effect of spices (Thymus
vulgaris, Murrayakoenigii, Ocimum
gratissimum and Piper guineense) in alloxan-
induced diabetic rats. International. J. Biosci.,
4:179-187

El-Habaa, G.M.; Felaifel, M.S.; Zahra, A.M. and
Abdel-Ghany, R.E. 2002. In vitro evaluation
of some fungicides, commercial biocontrol
formulations and natural plant extracts on
peanut root rot pathogens. Egypt. J. Agric.
Res., 80(3):1017-1030.

FAOSTAT. 2018. FAO Statistical Databases;
2018. Food and Agriculture Organization of
the United Nations Database of Agricultural
Production.

Guseva, N.N. and Gromova, B.B. 1982.
Chemical and Biochemical Research Methods
of Studying Plant Immunity. (In Russian).
All-Union Institute of Plant Protection,
Leningrad, U.S.S.R.

Halawa, A.E.A. 2004. Pathological studies on
some soilborne fungi attacking some of
ornamental trees in Egypt. M.Sc. Thesis, Fac.
Agric., Zagazig Univ.,90pp.

Hassanin, M.M.H. 2013. Pathological studies on
root rot and wilt of black cumin (Nigella
sativa) and their management in Egypt. Ph. D.
Thesis, Fac. Agric., Al-Azhar Univ., Egypt,
137pp.

Horn, B.W.; Greene, R.L. and Dorner, J.W. 1995.
Effect of corn and peanut cultivation on soil
populations of Aspergillus flavus and A.
parasiticus in Southwestern Georgia. Appl.
Environ. Microbiol., 61:2472-2475.

Ismail, 1.M.; Salama, A.M.; Ail, M.I. and Ouf,
S.A. 1989. Bioassay of Eucalyptus rostrata
Berk. Egypt. J. Bot., 32(1/2): 109-126.

Izge, A.U.; Mohammed, Z.H. and Goni, A. 2007.
Levels of variability in groundnut (Arachis
hypogaea L.) to Cercospora leaf spot disease-
implication for selection. Afr. J. Agric. Res.,
2(4): 182-186.

Jayaprakasha, G.K.; Jaganmohan Rao, L. and
Sakariah, K.K. 2002. An improved HPLC
method for the determination of curcumin,
demethoxycurcumin and
bisdemethoxycurcumin. J. Agric. Food
Chem., 50: 3668-3672.

Kaaya, A.N. and Eboku, D. 2010. Mould and
aflatoxin contamination of dried cassava chips
in Eastern Uganda: Association with
traditional processing and storage practices. J.
Biol. Sci., 10(8): 718-729.

Kabak, B.; Dobson, A.D. and Var, |. 2006.
Strategies to prevent mycotoxin
contamination of food and animal feed: a
review. Crit. Rev. Food Sci. Nutr., 46(8):593-
619.

Khan, A.J.; Zouba, A. and Al-Matrushi, A.O.
1993. Control of Pythium aphanidermatum by
extract of Acacia spp. Sultanate of Oman
Phytopathol., 83(12): 1351.

Kim, M.; Lee, J.H.; Koh, H.; Lee. S.Y.; Jang, C.;
Chung, C.J.; Sung, J.H.; Blenis, J. and Chung,
J. 2006. Inhibition of ERK-MAP kinase
signaling by RSK during Drosophila
development. EMBO. J., 25(13): 3056-3067.

Kulatunga, D.; Dananjaya, S.; Godahewa, G.;
Lee, J. and De Zoysa, M. 2016. Chitosan
silver nanocomposite (CAgNC) as an
antifungal agent against Candida Albicans.
Med. Mycol., 55: 213-222.

Laemmli, U.K. 1970. Cleavage of structural
proteins during the assembly of the head of
Bacteriophage T4, Nature, 227: 680-685.

Lavkor, 1., and Var, I. 2017. The Control of
Aflatoxin Contamination at Harvest, Drying,
Pre- Storage and Storage Periods in Peanut:
The New Approach. In (Ed.), Abdulra'Uf,
L.B. (2017) Aflatoxin - Control, Analysis,
Detection and Health Risks. Intech Open. 290
pp.

Liang, D.; Xing, F.; Selvaraj, J.N.; Liu, X,;
Wang, L.; Hua, H.; Zhou, L.; Zhao, Y.; Wang,
Y. and Liu, Y. 2015. Inhibitory effect of
cinnamaldehyde, citral, and eugenol on
aflatoxin biosynthetic gene expression and
aflatoxin Bl biosynthesis in Aspergillus
flavus. J. Food Sci. 80: M2917-M2924.

Mahmoud, E.Y.; Hussien, Z.N.; Ibrahim, M.M.
and Yousef, H. 2021. Using of certain biotic
and abiotic inducers on controlling peanut
Cercospora Leaf Spot. Curr. Sci. Int., 10(1):
18-28.


https://ift.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Zhou%2C+Lu
https://ift.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Yan

Yousef et al.

32

Mezeyova, 1.; Heged"usova, A.; Heged'us, O.;
Vargova, A.; Timoracka, M.; Slosar, M.;
Andrejiova, A.; Jurikova, T. and Mezey, J.
2020. Basil seeds as a source of antioxidants
affected by fortification with selenium. Folia
Hortic., 32(1): 11-20.

Mohammedi, Z. and Atik, F. 2013. Fungitoxic
effect of natural extracts on mycelial growth,
spore germination and aflatoxin Bl
production of Aspergillus flavus. Aust. J. Crop
Sci., 7(3): 293-298.

Mutegi, C.; Wagacha, M.; Kimani, J.; Otieno, G.;
Wanyama, R.; Hell, K. and Christie, M.E.
2013. Incidence of aflatoxin in peanuts
(Arachis hypogaea Linnaeus) from markets in
Western, Nyanza and Nairobi Provinces of
Kenya and related market traits.J. Stored
Prod. Res., 52: 118-127.

Nikan, J. and Jafari, Z. 2015. In vitro anti-fungal
activity of garden thyme (Thymus vulgaris L.)
extract against Aspergillus flavus, the major
producer of aflatoxin. J. Nat. Prod. Plant
Resour., 5(2): 1-5.

Nyirahakizimana, H.; Mwamburi, L.; Wakhisi,
J.; Mutegi, C.K.; Christie, M.E. and Wagacha,
J.M. 2013. Occurrence of Aspergillus species
and aflatoxin contamination in raw and
roasted peanuts from formal and informal
markets in Eldoret and Kericho towns, Kenya.
Adv. Microbiol., 3: 333-342.

Pitt, J.1. and Hocking, A.D. 2009. Fungi and Food
Spoilage. 3" Edition, Springer Dordrecht
Heidelberg, London, New York, Cambridge,
519 pp.

Prakash, B.; Kedia, A.; Mishra, P.K.; Dwivedy,
A.K. and Dubey, N.K. 2015. Assessment of
chemically characterized Rosmarinus
officinalis L. essential oil and its major
compounds as plant-based preservative in
food system based on their efficacy against
food-borne moulds and aflatoxin secretion
and as antioxidant. Int. J. Food Sci.
Technol., 50: 1792-1798.

Copyright: © 2022 by the authors. Licensee EJP, EKB, Egypt. EJP offers immediate open access to
its material on the grounds that making research accessible freely to the public facilitates a more

@ global knowledge exchange. Users can read, download, copy, distribute, print, or share a link to the
m complete text of the application under Creative commons BY NC_SA 4.0 International License.

Sammons, D.W.; Adamas, L.D. and Nishizowa,
E.E. 1981. Ultra sensitive silver based color
staining of polpeptides in polacrylamide gels.
Electrophoresis, 2: 135-141.

Settaluri, V.S.; Kandala, C.V.K.; Puppala, N.;
Sundaram, J. 2012. Peanuts and their
nutritional aspects-A review. Food Nutr. Sci.,
3(12): 1644-1650.

Shafie, R.M.S.A. 2004. Studies on the activity of
some medicinal and aromatic plant extracts in
controlling soilborne diseases affecting
sunflower. M.Sc. Thesis, Fac. Agric., Cairo
Univ., Egypt, 107pp.

Shreya, S.A. 2016. Peanut Allergy-A Review.
Res. J. Pharm. Technol., 9(8): 1280-1286.
Sneath, P.H.A. and Sokal, R.R. 1973. Numerical
Taxonomy: The Principles and Practice of
Numerical Classification. WF Freeman &

Co., San Francisco, 573 pp.

Stielkova, T.; Nemes, B.; Kovacs, A.; Novotny,
D.; Bozik, M. and Kloucek, P. 2021.
Inhibition of fungal strains isolated from
cereal grains via vapor phase of essential oils.
Molecules, 26(5): 1313.

Topps, J.H. and Wain, R.L. 1957.
Investingations on  fungicides. IlIl. The
fungitoxicity of 3- and 5- alkylsalicylailides
and parachloroanilides. Ann. Appl. Biol., 45:
506-511.

Tripathi, P. and Dubey, N.K. 2004. Exploitation
of natural products as an alternative strategy
to control postharvest fungal rotting of fruit
and vegetables. Postharvest Biol. Technol.,
32: 235-245.

Williams, M.J.; Chase, C.C. and Hammond, A.C.
2004. Performance of cows and their calves
creep-grazed on rhizoma perennial peanut.
Agron. J., 96(3): 671-676.

Zedan, A.M.; El-Toony, A.M. and Awad, N.G.
1994. Comparative study on antifungal
activity of certain plant extracts, essential oils
and fungicides on tomato wilt pathogens, Al-
Azhar J. Agric. Res., 20: 217-236.

&

Egyptian Knowledge Bank
Grooll adyeollliy


https://journals.ekb.eg/menu_1.html

