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Abstract
The extracts of Aspergillus niger, Lactobacillus lactis and Nigella sativa seeds as aflatoxin and growth inhibitors of Aspergillus flavus were screened.
Minimal inhibitory (MIC) and minimal fungicidal (MFC) concentrations of the extracts were determined. N. sativa seeds extract showed a higher
inhibitory effect than the other two bioagents extracts. The results show that NV. sativa extract inhibits growth and aflatoxin production, which may
be due to a reduction in lipid biosynthesis in the toxin producing cultures. The correlation between versicolorin A accumulation and aflatoxin
biosynthesis by 4. flavus Link was also discussed. It could be of significant importance as bio-preservatives in the prevention and control of aflatoxin

production.
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Introduction

Aflatoxin (AF) is one of the mycotoxins produced by some strains
of Aspergillus flavus, Aspergillus nomius and Aspergillus
parasiticus. Aflatoxin has been reported in many food and feed
raw materials '-*>%°, Food contaminated with AF poses a serious
health threat when consumed by humans and animals. The
toxin has been reported to be carcinogenic, teratogenic and
hepatotoxic ® 1214, The increased demand for safe and natural
food, without chemical preservatives, provokes many researchers
to investigate the antimicrobial effects of natural compounds.
Besides the pure chemicals, some plants and microbes or their
active metabolites have been introduced as inhibitors of aflatoxin
biosynthesis by the producing fungi 2. Despite that, the majority
of known AF inhibitors suffer from a large limitations concern to
their harmful effects on eukaryotic systems at effective
concentrations which highlight the need for search about new
active principals. Numerous investigations have confirmed the
antimicrobial action of different biopreservatives in model food
system and real food %3435, Nigella sativa is an annual herbaceous
plant; seeds are black in color and taste slightly bitter. They are
frequently used as a spice and added as a flavoring agent to
bread, pickles and other dishes 3. The seeds of the plant are
extensively used in traditional medicine in some countries,
for the treatment of several diseases ?°. Recent scientific
investigations on the seeds and their oil indicated a number of
pharmacological activities including anticarcinogenic 7,
antiulcer '°, antibacterial %, antifungal !, anti-inflammatory,
antipyretic and analgesic 2. In this study, the effects of Aspergillus
niger, Lactobacillus lactis and N. sativa seed extracts on growth
and AF production by 4. flavus Link were evaluated.
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Materials and Methods
Bioagents: Local strains of A. niger and Lactobacillus lactis
were kindly provided by the Microbiology Section, Faculty of
Science, King Abdulaziz University. Seed oil of Nigella sativa
were used to study their inhibition effect on growth and aflatoxin
producing strain of 4. flavus Link.

Antifungal analysis: Antifungal analysis and determination of
the minimal inhibitory (MIC) and minimal fungicidal (MFC)
concentrations, and fungicidal kinetics of the bioagents extracts
were performed. The disc diffusion method was used for antifungal
screening as follows: Sterile Sabouraud Dextrose Agar (Merck)
was inoculated with 4. flavus Link spores (10° spores/ml) and
distributed into Petri plates of 70 mm diameter. Whatman No.1
sterile filter paper discs (6 mm) containing 5 pland 15 pl from each
of the tested extracts were placed on the agar plates. The plates
were incubated at 28+2°C for 10 days. Three replicates were used
for each treatment. Diameters of inhibition zones were measured
using Vernier calipers. The percentage of mycelial inhibition was
calculated by the equation: I = 1-T/Cx100 [where I is the inhibition
(%), C is the colony diameter from a control Petri plate (mm) and T
is the colony diameter from a test Petri plate (mm)] was used. MIC
and MFC * were determined by broth dilution method as follows.
Various concentrations of the bioagent extracts were added to
5 ml of YES broth tubes containing 10¢ spores/ml. The tubes were
then incubated in incubator shaker as to evenly disperse the
extracts throughout the broth in tubes. The highest dilution
(lowest concentration), showing no visible growth, was regarded
as MIC. Cells from the tubes showing no growth were sub-cultured
on Sabouraud Dextrose Agar plates to determine if the inhibition
was reversible or permanent. MFC was determined as the highest
dilution (lowest concentration) at which no growth occurred on
the plate.
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Fungicidal kinetics of the oils: Of the bioagent extracts 20 ul
exhibiting lethal properties over the spores at the dilution
determined by MFC was added to 5 ml of spore suspension tubes
containing 10 spores/ml in triplicate and were then incubated at
28+2°C, samples were taken after 0, 10, 20, 40, 60, 80, 100, 120, 140,
160 and 180 min and then cultured on Sabouraud Dextrose Agar
plates for 48 h at 28+2°C. The control tube had no bioagent extract.
Fungal colonies were counted after the incubation period and the
total number of viable spores per ml was calculated.

Aflatoxin analysis

Toxin production: An inoculum of 1ml spore suspension of 4.
Sflavus Link from 2 weeks old culture was transferred to 250 ml
Erlenenmeyer flasks, each containing 50 ml of glucose-ammonium
nitrate medium ® and the desired concentration of each 4. niger
and L. lactis spores and N. sativa seed extract. Triplicate flasks
were prepared for each bioagent and for control. These flasks
were incubated at 28°C for the desired periods for aflatoxin
extraction and analysis.

Thin layer chromatographic analysis of aflatoxins: The
chloroform extracts were analyzed for the presence of aflatoxins
(B,, B,, G,, G,), using TLC plates according to the methods
previously described *!. Standard aflatoxin references were kindly
provided by Dr. Peter M. Scott, Sir Frederick Banting Research
Division, Tunneys Pasture, Ottawa, Ontario, Canada KJAOLZ.

Biochemical analysis

Estimation of versicolorin: A. flavus Link was maintained and
grown as previously described !'. The organism was cultivated in
peptone-salt-glucose medium of the following composition: 0.5%
bactopeptone, 10 mM MgPO,7H,0, 50 mM citric acid, 4 mM
MgCl,, 0.1 mM MnCl,, 0.5 mM CaCl,, 0.2 mM iron citrate, 10 uM
ZnCl,, 0.2 M glucose, pH 6.2. Of the medium 100 ml in 500 ml
Erlenmeyer flasks was inoculated with 1x108 conidial spores and
grown at 25°C under shaking at 250 rpm. Under these conditions
filamentous, nonpellicular growth is achieved. Mycelia were
harvested by vacuum filtration and lyophilized for the
determination of dry weight, and versicolorin quantification was
done spectrophotometrically, after methanol extraction of 50 mg
of lyophilized mycelia %’

Estimation of lipid content and total protein: Lipids were
extracted from known weights of dried mats with a mixture of
methanol and chloroform (2:1, v/v) as described by Bligh and
Dyer ¢. The phospholipids and neutral lipids were also estimated
according to the method previously described of Kates . The
total protein in mycelium was estimated according to the method
of Lowry et al. 2.

Determination of mycelial weight: Flasks containing mycelia were
filtered through preweighed Whatman filter No.1 and then washed
with distilled water. The mycelia were placed on preweighed Petri
plates, allowed to dry at 50°C for 6 h and at 40°C over night and
the net dry weight of mycelia was determined.

Results and Discussion

Plants and microorganisms provide unexplored natural sources
for development of potentially new antimicrobial bioagents in the
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preservation of food and feed. The ability of extracts of 4. niger,
L. lactis and N. sativa to inhibit aflatoxin production by A4. flavus
was investigated. The results in Table 1 show that both fungal
growth and aflatoxin biosynthesis were inhibited by extracts of N.
sativa, L. lactis and A. niger. The inhibitory effects of these
bioagents increased in proportion to their concentration. At 2.0%
(w/v) of N. sativa seed extract, aflatoxin production was completely
inhibited, and the dry weight showed a decrease of 79.3%.
Experimental studies indicate that inhibition of aflatoxin
biosynthesis and fungal development by different plants and
microorganisms are continually discovered during the food
biopreservation processes '3 202125 28,35,

The results in Table 2 show that the inhibitory effect of 4. niger,
L. lactis and N. sativa extracts was increased in proportion to
their concentrations. At 15 pl extract/disc, A. niger and L. lactis
extracts showed inhibitory effect until 5 and 7 days of incubation,
respectively, while N. sativa completely inhibited the growth after
the 4™ day of incubation. In addition, N. sativa extract showed
higher inhibitory effects compared with the other two extracts. N.
sativa extract has been reported to be among the most active
compounds against a number of food spoilage and pathogenic
microorganisms* '8 1%, The antimicrobial activity of N. sativa was
also demonstrated #3143,

MIC and MFC techniques were employed to assess fungistatic
and fungicidal properties of the bioagent extracts. N. sativa was
strongly active at MIC of 800 ppm and at MFC of 2200 ppm, while
A. niger and L. lactis showed a fungistatic activity against 4.
flavus at MIC of 1800 and 1200 ppm, respectively. These extracts
had no fungicidal activity on spores of 4. flavus (Fig. 1). N. sativa
killed more than 50% of spore population after 60 min, and 90-
100% lethal effects were observed within 100 min of the exposure
to the oil (Fig. 2). One of the characteristics of aflatoxin deactivation
processes is that it destroys the mycelia and spores of the toxic
fungi, which may proliferate under favorable conditions %. The
results (Table 2, Figs 1 and 2) comply with the above specified
characteristics, that bioagent extracts retarded mycelial growth
and significantly decreased the aflatoxin production (Table 1). It
is evident that 2% (w/v) N. sativa extract was significantly effective
in inhibition of aflatoxin production (Table 1). Aflatoxin production
was significantly inhibited at lower fungistatic concentrations of
both oils (Tables 1 and 2). These inhibitory effects are interesting
in connection with the prevention of aflatoxin contamination in
many foods.

The effects of 2.0% (w/v) N. sativa seed extract on total
carbohydrates, total proteins and total lipids in relation to
versicolorin A and aflatoxin biosynthesis by A. flavus are presented

Table 1. Effect of 4. niger, L. lactis and N. sativa extracts on the
growth and aflatoxin production by 4. flavus.

Extract Conc. Dry weight Aflatoxin % of aflatoxin
2/50 ml pg/ml inhibition
A. niger 0.0 29 589 0.0
50% 2.6 432 26.6
100% 22 327 44.5
L. lactis 0.0 2.9 589 0.0
10%/ml 24 356 39.5
10%ml 1.9 228 61.2
N. sativa 0.0 29 589 0.0
1.5% (w/v) 1.8 206 65
2.00% (w/v) 0.6 ND 100

ND = not detected
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Table 2. Antifungal effect of A. niger, L. lactis and N. sativa bioagents on the

growth of 4. flavus (% of inhibition zone).

Incubation A. niger L. lactis N. sativa
period (days) 5 pl/disc 15 pl/disc S pl/disc 15 pl/disc 5 pl/disc 15 pl/disc

3 17.2 43 22 51 39.4 61.9
4 14 353 31.6 69.2 67 91

5 0.0 16.3 19.2 57 64 100
6 0.0 0.0 10 19.1 26.7 100
7 0.0 0.0 0.0 12 13.4 100
8 0.0 0.0 0.0 0.0 6.4 100
9 0.0 0.0 0.0 0.0 0.0 100
10 0.0 0.0 0.0 0.0 0.0 100
11 0.0 0.0 0.0 0.0 0.0 100
12 0.0 0.0 0.0 0.0 0.0 100

0.0 = resistance, % of inhibition = diameter of inhibition zone/diameter of Petri plates
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Figure 1. MIC and MFC (ppm) of 4. niger, L. lactis and N. sativa
extracts against 4. flavus.

in Table 3. The concentration of N. sativa extract used in this
investigation did not have an appreciable effect on the
carbohydrate content of A. flavus. The protein content of A. flavus
was affected by addition of V. sativa extract to the growth medium.
It showed a decrease from 6 to 41% of the control. Total lipid
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Figure 2. Survival % of A. flavus spores (initial spore
concentration 10%/ml) during incubation with A. niger; L. lactis
and N. sativa extracts.
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content of fungal biomass was more sensitive to this concentration
(2.0%) accounting collectively decrease from 2.0 to 66%. The
results indicate that N. sativa extract inhibits the growth as a
result of a reduction in lipid biosynthesis. Similar observations
have been reported also earlier 314,

Table 3. Effect of V. sativa extract (2.0%, w/v) on carbohydrate, protein and lipid contents of 4. flavus, as well as on its
versicolorin A and aflatoxin production at different incubation periods (decrease % in total protein and lipids in

parentheses).
Incubation Treatment Total carbohydrate Total protein Total lipids Versicolorin A Aflatoxin
period (days) (% of dry weight) (% of dry weight) (% of dry weight) (pmol/g dry weight) (ug/g dry weight)
2 Control 81.4 4.5 43 0.0 0.0
N. sativa 80.5 42 (7%) 42 (2%) 0.0 0.0
4 Control 81.4 5.3 45 18 0.0
N. sativa 80.7 44 (17%) 4.1 (8%) 22 2.3
6 Control 81.8 6.3 4.8 36 4.6
N. sativa 80.9 5.1 (19%) 34 (29%) 47 1.9
8 Control 82.0 7.6 5.3 45 7.3
N. sativa 81.3 59 (22%) 3.7 (30%) 71 2.6
10 Control 82.0 7.7 5.5 68 9.6
N. sativa 81.5 59 (23%) 3.7 (33%) 87 1.4
12 Control 82.0 7.9 5.6 81 10.2
N. sativa 81.6 58 (27%) 3.7 (34%) 69 0.7
14 Control 82.0 8.6 6.1 117 9.8
N. sativa 82.4 54 (37%) 2.8 (54%) 145 0.5
16 Control 82.0 8.7 6.1 112 8.6
N. sativa 81.7 5.1 (41.3%) 2.3 (62%) 178 ND
18 Control 82.3 8.7 6.2 94 8.2
N. sativa 81.9 5.1  (41.3%) 2.1 (66%) 196 ND
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Major information is available on the correlation between
versicolorin accumulation and aflatoxin biosynthesis by A. flavus
in the medium supplemented by V. sativa seed extract. The results
in Table 3 show that versicolorin A accumulated in the presence
of N. sativa seed extract more than in control and it increased with
increasing the incubation period, accounting collectively the
maximum amount when the aflatoxin biosynthesis was lost after
16 and 18 days of incubation. On the other hand, aflatoxin
production decreased with the time of incubation. In this
connection, Rabie * pointed out that 4. flavus begins to decrease
aflatoxin production after 20 days of incubation, while versicolorin
A biosynthesis continually increases until the end of incubation
period in the medium supplemented with 1.8% (w/v) alcoholic
extract of N. sativa. It suggests that N. sativa seed extracts
probably mask a step of versicolorin A formation which is generally
accepted to be a key intermediate in the biosynthesis of aflatoxin.
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