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Abstract
Recently, the trend of many studies to replace synthetic antifungals commonly used during storage with
natural antifungals; Plants extracts are one of the promising strategies for this purpose. Therefore, this
study aimed to evaluate the aqueous extract of carob pulp (AECP) at 1.5, 2.5, and 5mg/ml on the growth
of some toxigenic Aspergillus species, and its effectiveness as antimycotoxigenic (a�atoxins and
ochratoxin A) during storage red peanut kernels (RPKs) for 90 days. AECP at 5 mg/ml affected inhibition
growth, as Aspergillus ochraceus was the most affected, then A. a�atoxiformans recorded (15.7 ± 0.4)
and (13.4 ± 0.5), respectively. Whereas study in�uence of AECP on the accumulation of total AFs and OTA
produced by A. parasiticus and A. ochraceus during the storage of RPKs for 90 days. The results re�ected
that the active compounds in the AECP can protect RPKs for 45 days without detecting any amounts of
total AFs and OTA at 5mg/ml. While after 90 days, the percentages of inhibition for the four types (AFB1,
AFG1, AFB2, AFG2) and OTA after storage for 90 days compared with positive control samples (85.1, 76.5,
86.5,84.2, and 87.5%), respectively. Finally, AFB1 recorded the lowest inhibition percentages with all
treatments; on the contrary, it was OTA.

Introduction
Aspergillus spp., such as Aspergillus �avus, A. parasiticus, A. niger, and A. ochraceus attack peanut
kernels (PK) during growth, harvest, transportation, and storage, these species have acquired an interest
by their ability to produce mycotoxins; which include a�atoxins (AFs) and ochratoxin A (OTA) with
optimal environmental conditions for temperature and humidity (Dorner 2008; Stephen et al. 2019). The
four major naturally produced AFs are known as a�atoxin B1 (AFB1), a�atoxin B2 (AFB2), a�atoxin G1

(AFG1), and a�atoxin G2 (AFG2). B and G refer to the blue and green �uorescent colors produced under UV
light on Thin Layer Chromatography (TLC) plates (Samson et al. 2014). AFs and OTA have caused harm
to human and animal health as carcinogenic, mutagenic, teratogenic, nephrotoxic, hepatotoxic, and
immunosuppressive effects (Tao et al. 2018; Omotayo et al. 2019; Guan et al. 2021), so many countries
have established regulatory limits on AFs and OTA in peanut and other agricultural commodities. In Egypt
the regulatory limits as recommended by European Commission Regulation (EC) No. 1881/2006
(European Commission. 2006). On the other hand, recently have been focused on using natural
antifungal and anti-mycotoxins, due to the studies indicating possible adverse effects that may be related
to the consumption of synthetic compounds (Hahn 2014; Martínez-Culebras et al. 2021). Therefore, the
use of plant extracts is one of the promising areas in this �eld. One of these plants is carob (Ceratonia
siliqua L.), which grows in Mediterranean areas, carob pulp (CP) has received considerable attention
because it has a wide range of many active compounds comprehensive polyphenols, �avonoids,
alkaloids, tannins and antioxidant activity, so many countries use carob pods in traditional medicine with
a lot of diseases (Rtibi et al. 2017; Rasheed et al. 2019; Santonocito et al. 2020; Fidan et al. 2020). Carob
pulp is used in many forms, including as a drink or syrup, and carob �our that is added to the
manufacture of certain products, especially sweets (Ayaz et al. 2009; Karaca et al. 2011; Loullis et al.
2018). But did not study AECP for control of producing AFs and OTA. The present study aimed to
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evaluate the effect of AECP as antimycotoxigenic (AFs and OTA) during storage RPKs infected by two
toxigenic strains (A. parasiticus and A. ochraceus) for 90days. After evaluation in vitro on growth some
Aspergillus spp, and Its ability to produce their toxins.

Materials And Methods
Carob pods and peanut

The mature carob pods and red peanut kernels (RPKs) were purchased from the local market of Giza
(Egypt). The pods were de-seeded to get pulp then ground to a �ne powder ready for extraction by water.

Fungal strains.

Three toxigenic fungi strains from Aspergillus spp were used in this study A. �avus (ATCC 28542), A.
parasiticus (ATCC 26692), A. ochraceus (ATCC 22947) and A.a�atoxiformans, it isolated from grains by
El-Sayed, A. and -Abdelaziz, A; Microbiology Dep., Zagazig University, and deposited to NCBI GenBank
with accession # MN093924.

Chemicals and solvents

Potato Dextrose Agar (PDA) and yeast extract agar were obtained from Sigma- Aldrich, Lyon, France. The
AFs mix standard and solvents were purchased from Sigma Chemical Co. (St. Louis, MO). All solvents
were of HPLC grade. The water was double distilled with a Millipore water puri�cation system (Bedford,
MA).

Methods

Preparation of AECP

Two and half gram (2.5g) for carob pulp (CP) were mixed with 25 mL of water. Then sonicated for 30 min
at 30 °C in an ultrasound bath (Ultrasonic Bath Sonicator Model (K615HTDP) at frequency 40 KHz.
Sample was further centrifuged at 10500 RPM, 20 °C for 15 min. The supernatant was kept at -20 °C until
analysis (Goulas and Georgiou. 2020).

Determination of total phenolic content (TPC):

The total phenolic content in aqueous extract for leaves was determined using Folin – Ciocalteau
methodas follows: Brie�y, 1 ml of extract in a volumetric �ask was diluted with distilled water to 46 ml. 1
ml of Folin-Ciocalteu reagent was added and the contents of the �ask were blended completely. After 3
min, 3 ml of Na2CO3 (2%) was added, then mixture left for 2 h. The absorbance of mixture was measured

at 760 nm. TPC was calibrationas mg gallicacid equivalents (GAE) 100 g-1 carob pod by calibration curve
of a gallic acid equivalent (GAE) standard (Prior et al. 2005).

Determination of total �avonoid content (TFC):
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The TFC was measuredaccording to the method Yan-Hwa et al.(2000)as follows: 1 ml of extract was
diluted with 4.3 ml of 80 % aqueous ethanol containing 0.1 ml of 10 % Al(NO3)3 and 0.1 ml of 1 M
aqueous CH3COOK. After 40min at room temperature, the absorbance was determined
spectrophotometrically at 415 nm. The total �avonoid content was measured by us using calibration
curve of a quercetin equivalent (QE) standard.

Quanti�cation of the total alkaloid content (TAC):

Total alkaloid content was determined by using the method developed by Ayoola et al.(2008)which is
based on the reaction between alkaloid with bromocresol green (BCG), resulting in a yellow-colored
product. This method has the bene�ts of sensitivity and stability. In brief, 0.1 mL of AECP was mixed with
2 N HCl, and one milliliter of this solution was transferred to a separatory funnel and washed (three
times) using 10 mL chloroform. The pH of this solution was adjusted to neutral with 0.1 N NaOH. Then 5
mL of BCG solution and 5 mL of phosphate buffer were added to this solution. After that, the mixture was
shaken and the complex formed was extracted with 1, 2, 3, and 4 mL chloroform using vigorous shaking.
The extracts were collected in a 10 mL volumetric �ask and diluted to volume with chloroform. The
absorbance of the complex in chloroform was measured at 470 nm. Alkaloids (mg/mL) = (Abs-
0.048)/0.021.

Determination of antioxidant activities:

Determination of DPPH radical scavenging activity: The antioxidant activity of extracts, based on the
scavenging activity of the stable DPPH free radical was determined by the method described by Lee et al.
(2015).

Determination total content of tannins

The condensed tannins were estimated according to Julkunen-Titto et al. (1994) and expressed as g of
catechin equivalents per 100 g of dry weight.

Assay of antifungal activity

The antifungal activity was tested on the three strains of fungi using agar well diffusion technique. The
strains were cultivated on PDA slants at 28°C for 7 days. Spores were harvested by adding 10 ml of
sterile distilled water containing 0.05% Tween 20 and scraping the surface of the culture to free the
spores. One mL of spore suspension was inoculated into each plate. Wells of 5 mm diameter was made
on the PDA surface and �lled with the three gradual with three concentrations of (1.5, 2.5 and 5 mg/ml),
obtained from diluting the stock solutions were used. Wells containing with (100 µl pure solvent (water)
were used as a negative control, while wells containing with Nystatin (1000 Unit/ ml were considered as
positive control. The inoculated plates were incubated at 27 ºC for 72h, and then the antifungal activity
was assessed by measuring the zone of inhibition (mm). The results average was calculated from at
least three replicates for each treatment (Perez et al. 1990).
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Control of producing AFs and OTA by AECP in YES medium:

The yeast extract sucrose (YES) culture medium (2% yeast extract and 15% sucrose/liter distilled water)
was used in this experiment, 100 ml of YES were poured into 250 ml Erlenmeyer �ask and autoclaved at
121 ºC for 15 min, then cooled and inoculated with 1 ml of spores' suspension containing 106 spores/ml
of A.parasiticus (ATCC 26692) and A. ochraceusboth separately, then treated by gradual concentrations
(1.5, 2.5 and 5 mg/ml) fromAECPas treatment samples, while Three replications from YES treated by
spores of A. parasiticus (ATCC 26692) and A. ochraceusonly as positive samples, and �asks were
incubated at 28 ºC for 7 days. After the end of the incubation period, the AFs wereextracted then
determined using HPLC as following:AFs were extracted from YES medium by chloroform (20 ml twice
with 10 ml YES media) then homogenization for 3 min in a separation funnel. Finally, �ltration of the
chloroform phase, then evaporation to dryness to use with HPLC. The percentage of inhibition was
calculated as the following equation according to El-Desouky. (2021). The percentage of inhibition AFs
=X100

Where: C is mean concentrations of toxins (AFB1, AFB2, AFG1 and AFG2) in the positive samples that
inoculated by spores of A.parasiticus only. T is concentrations of the toxin in the sample containing
spores of fungus and AECP (treatment sample).

Extraction and determination of OTA

Ten milliliters of YES medium were �ltered, and then extracted with 20 ml of chloroform in separation
funnel. The chloroform phase was �ltered and concentrated then dryness under nitrogen to dry �lm; it
was dissolved in 1 ml water/acetonitrile (3: 1 v/v) and mixed well by vortex for 30 s. HPLC analysis
according toAmmar and El-Desouky. (2016). On the other hand,the percentage of inhibition OTA was
calculated according to above equation.

Control of producing AFs and OTA in (RPKs) infected by toxigenic fungi by AECP:

AutoclavedRPKswere used in the following ten (10) experimental groups for each separately (250 gm
each): (1) Positive control: RPKs inoculated with a spore suspension ofA.parasiticus (ATCC 26692) and
A. ochraceus(ATCC 22947)both are separate; Groups 2, 3, and 4 negative controls: RPKs inoculated
withAECPonly at (1.5, 2.5 and 5 mg/ml) without suspension of strain, respectively; groups 5, 6, and 7
RPKs infected byA.parasiticus (ATCC 26692)spore suspension plus adding 1.5, 2.5 and 5 mg/ml forAECP,
respectively; groups 8,9 and 10 RPKs infected byA. ochraceus(ATCC 22947)spore suspension plus adding
1.5, 2.5 and 5 mg/ml forAECP, respectively. Samples were taken for analysis (total AFs and OTA) at day
15, 30, 45, 60, 75 and 90.The amount of total AFs and OTA associated with RPKs in each treatment were
determined by HPLC (A.O.A.C. 2007; El-Desouky and Hassan. 2021).

Statistical analysis
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General Linear Model procedure of the SPSS ver. 18 (IBM Corp, NY) was used to statistically analysed.
The signi�cance of the differences among treatment groups was determined by Waller–Duncan k-ratio.
All statements of signi�cance were depended on the probability of P-value ≤0.05 was considered to be
statistically signi�cant. Values represent averages ±standard deviations for triplicate experiments.

Results And Discussion
Major phytochemical components of the AECP:

Data presented in (Table 1) revealed that the AECP has the high content from TPC (209±3.21), TFC
(16.4±1.18), TAC (13.27±1.16), and tannins (5.71±1.31), which includes many bioactive compounds, the
presence of these compounds makes carob (pods) of therapeutic value, as well as, this results are in
good agreement with a previous (Nawel 2017; Ayache et al. 2020). Content of TPC, TFC, and TAC is
affected by genetic, geographic factors, storage settings, soil and methods of analysis (El Turhan 2004;
Bouzdoudi et al. 2016).On the other hand, DPPH free radical scavenging activity was 57.3 %. Phenolic
compounds are known to have antioxidant activity and it is likely that the activity of these extracts is due
to these compounds. These results con�rmed by FTIR analysis (Fig. 1) showed many functional groups
such presented lowest Transmittance (T) at 3430 cm-1, 1630.5 cm-1 and 1389 cm-1 (OH stretching, N-H
and –C=C-, and-C-H) for alcohols, phenols, alkanes and alkenes (Mellado-Mojica et al. 2016; Christou et
al. 2018).

 Evaluation of AECP on growth toxigenic Aspergillus fungi:

Data presented in (Fig. 2) show the inhibition zone (mm) of fungal growth after treatment with AECP at
the concentration1.5, 2.5 and 5 mg/ml. The obtained data indicated that the highest level of inhibition
was detected at the concentration 5mg/ml of AECP, also, the inhibition increased with increasing the used
concentration. In addition the strain of A.ochraceus is more affected by AECP than A.
a�atoxiformans. The highest level of inhibition at 5 mg/ml was recorded with A. ochraceus (15.7±0.4)
then A. a�atoxiformans (13.4±0.5). Moreover, the lowest inhibition was shown with A. �avus at three
treatments.The inhibitory effect of EACP against mycelial growth of Aspergillus ssp. was analyzed
statistically as shown in (Table 2). The ANOVA analysis show signi�cantly both of the concentration
EACP and types of fungi. In general, active compounds in AECP have several mechanisms against
fungal, through inhibition of chitin and β-glucan synthesis. In addition, lipid membrane dissolution, and  
RNA and DNA synthesis alteration. Several previous studies reported that CP contains many compounds
phenolics that have antifungal activity such as protocatechuic acid, gallic acid, cinnamic acid and rutin.
Lakkab et al, (2019) reported that the GA was the major phenolic acid present in CP.  Moreover, Goulas
and Georgiou found that the main components of water CP extract are myricetin 94.5%, gallic acid 80%,
epicatechin 77.3%, and rutin 67% (Lakkab et al. 2019; Darwish et al. 2021), which effect on fungal cells
through division and synthesis of RNA leading to inhibition of growth. 

Inhibitor effect of AECP on the biosynthesis of AFs and OTA.
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Data presented in (Fig 3) shown the inhibition percentages of AFs and OTA produced by A. parasiticus
and A.ochraceus, respectively in YES media treated by AECP. Data re�ected that the inhibition
percentages increased directly with increasing concentration added from AECP.   OTA recorded the
highest inhibition levels of 18.6, 40.7, 77.8% at 1.5, 2.5, and 5 mg/ml AECP, at the same concentrations
the lowest percentages were 12.8, 22.6 and 61.6% with AFB1. In case YES was treated by 5mg/ml from
AECP the AFG1, AFG2, and AFB2 inhibition were 72.5, 67.3, and 70.05%, respectively. AECP reduced of
mycelium weight to 63.9% and 54.8% for A. ochraceous and A. parasiticus, respectively at the
concentration 2.5mg/ml (Fig. 4). The phenolic compounds' hydroxyl groups may create hydrogen bonds
with some active enzymes, resulting in deactivation and suppression of fungal biomass and the
formation of mycotoxins. In addition, AECP causes cytotoxicity in fungi by affecting cell membrane
permeability and functions, so that AECP can inactivate biotransformation pathways needed for
synthesis AFs and OTA from A. parasiticus and A. ochraceus, respectively (Loi et al. 2020).

Previous studies used plant extracts to prevent or control the production of AFs; Karapynar (1989) used
the crude extracts from mint, sage, bay, anise, and ground red pepper to control the growth of A.
parasiticus and its AFs production in vitr. Another study by Satish et al. (2007) tested aqueous extracts of
�fty-two plants from different families for their antifungal, they found that the potential against eight of
Aspergillus spp. Similarly, Pundir and Jain (2010) studied the e�cacy of 22 plant extracts against food-
associated fungi and found that clove and ginger are more effective than other plant extracts]. The
alkaloids such as piperine and piperlongumine have an effect on the biosynthesis of OTA -producing
from Aspergilli: A. auricomus, A. sclerotiorum, and two isolates of A. alliaceous. The antitoxigenic
potential of the spices was tested against the OTA-producing strain of A. ochraceus Wilhelm. Clove
completely inhibited the mycelial growth of the fungi A. ochraceus, as well as, garlic and laurel
completely inhibited the OTA production. Cinnamon and anis inhibited the synthesis of OTA when used at
concentration 3% and mint starting from 4% (Pereira et al. 2006). Finally, AFs production could be
disrupted if any step in the a�atoxin biosynthetic pathway is completely blocked by a speci�c inhibitor.
a�D (nor-1) gene expression that represents the early enzymatic steps in the a�atoxin biosynthetic
pathway could be an appropriate target for inhibiting a�atoxin biosynthesis. Disruption or deletion of the
a�D (nor-1) gene leads to the accumulation of norsolorinic acid and blocks the synthesis of all a�atoxins
and their intermediates beyond norsolorinic acid. Ren et al. (2020) and Buitimea-Cantua et al.
(2020)suggest inhibits AFs biosynthesis by A. �avus via enhancing fungal oxidative stress response.
Additionally, inactivating some enzymes in biosynthesis of AFs, in addition to confusion in the expression
of a�D, a�M, a�R, and a�S genes of AFs biosynthetic pathway. 

In�uence of AECP on accumulation of AFs and OTA during storage of RPKs:

This study was carried out to investigate the effect of AECP at 1.5, 2.5, and 5 mg/ml on the accumulation
of total AFs and OTA produced by A. parasiticus and A. ochraceus during storage of RPKs for 90 days.
Concerning AFs, HPLC analysis did not detect any amount of AFs in infected RPKs by A. parasiticus
samples were stored for 15 days after being treated at 1.5, 2.5, and 5mg/ml for AECP, storage period
extended to 45 days with treatment at 5mg/ml without any amount from AFs (Fig. 5). Whereas extension
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of the storage causes resulted in an intense accumulation of total AFs in the treated sample and positive
control sample both, with differences in concentrations, this is probably due to the increase in the number
of spores of A. parasiticuscapable of producing toxin. Also, some spores can recover their activity with
increasing storage period, and another possibility on the probably for consumption the content of the
active compounds in the AECP (Mahmoud 1999; Passone et al. 2008. The amount of OTA in infected
RPKs by A. ochraceus during storage 90 days showed in (Fig. 6). The results indicated that OTA formed
after 15, 30, and 45 days from storage after treated RPKs by AECP at 1.5, 2.5, and 5 mg/ml, respectively.
On the other hand, the concentration of OTA in the positive control sample was (26.5µg/kg), while RPKs
with 1.5, 2.5, and 5 mg/ml were 21.35, 7.5, and 3.31µg/kg at the end of the storage period after 90 days.

Finally, the percentages of inhibition AFB1, AFG1, AFB2, AFG2, and OTA for each type separately in RPKs
treated by AECP after storage for 90 days compared with positive control samples calculated as (Fig. 8).
The percentages of inhibition AFB1 in RPKs were lowest percentages with all treatment were 12.3, 50.5,
and 76.5% with adding 1.5, 2.5, and 5mg/ml AECP. On the other hand, OTA had the highest inhibition
percentages, which reached 19.3, 71.6, and 87.5% with the same treatments, while AFG1, AFG2 and AFB2

inhibited to 85.1 5, 86.5. and 84.2% with applied 5mg/ml from AECP. 

AFB1 occur more frequently as contaminants, and are also believed to be more potent, than G a�atoxins.
From a genomic perspective, the inability to produce G a�atoxins is reported to result from a deletion
between the norB (a�F) and cypA (a�U) genes, upstream in the AFs biosynthesis pathway (Passone et al.
2013). Previous studies have reported that some phenolic antioxidants, such as gallic, 4-hydroxybenzoic,
and chlorogenic acid tended to inhibit OTA production, for example, Romero et al. (2010) agreement with
(Palumbo et al. 2007; Bisogno et al. 2007) notice a signi�cant reduction in growth rate and OTA
production with 250 mg/L of caffeic acid, rutin, and quercetin  

Conclusion
In conclusion, this study demonstrated that AECP has the potential for controlling for producing AFs and
OTA in RPKs, as well as inhibition growth the A. paracictus and A. ochercues reducing the accumulation
of AFs and OTA, respectively. Still necessary are further studies to evaluate the sensory evaluation and
roasting process effect after treatment by AECP. Also, practical methods for application are on a
commercial scale.
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Tables
Table 1: The content of AECP from phenolic, �avonoid and antioxidant.

Parameters Concentration(mg/100g CP) 

TPC 209.31±3.21

TFC 16.4±1.18

TAC 13.27±1.16

Tannins 5.71±1.31 

 

Table (2): ANOVA analysis of variance for effect of AECP on growth of Aspergillus spp.

Source SS df MS F P

Intercept 3139.734 1 3139.734 8085.153 0.000000

Con. of AECP 238.2339 2 119.1169 306.7389 0.000000

Type of Fungi 109.3744 3 36.45815 93.88364 0.000000

Con. of AECP*Type Fungi 16.61722 6 2.769537 7.131855 0.000189

Error 9.32 24 0.388333    

Total 3513.28 36      

SS, sum of squares; df, degree of freedom; MS, mean square; P, probability at con�dence 0.95.
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Figure 1

FTIR spectrum of AECP.
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Figure 2

Antifungal activity of the AECP against toxigenic Aspergillus fungi. Values within the column that are
associated with different letters indicate signi�cant differences between the four fungus at the same
concentration of AECP (p ≤ 0.05).
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Figure 3

The percentages of inhibition of AFs and OTA in YES media treated with AECP. Values within the column
associated with different letters indicate signi�cant differences between the types of toxins at the same
concentration of AECP (p ≤ 0.05).
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Figure 4

The percentage of reduction of biomass for A. �avus and A. ochraceus in YES media treated by AECP.
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Figure 5

the accumulation of total AFs during storage arti�cially infected RPKs samples arti�cially infected with A.
parasiticus and treated by AECP.

Figure 6

the accumulation of total AFs during storage arti�cially infected RPKs samples arti�cially infected with A.
ochraceus and treated by AECP.
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Figure 7

untreated red RPKs (A), infected RPKs by A. ochraceus, and (c) RPKs treated by AECP at 5mg/ml.

Figure 8
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The percentages of inhibition of AFs and OTA in RPKs treated by AECP after (90) day storage. Values
within the column that are associated with different letters indicate signi�cant differences between the
four types of AFs and OTA at the same concentration of AECP (p ≤ 0.05).


