Journal of Food Safety

Journal of Food Safety ISSN 1745-4565

INHIBITORY EFFECT OF CLOVE (SYZYGIUM AROMATICUM)
ON THE GROWTH OF PENICILLIUM CITRINUM AND
CITRININ PRODUCTION

VISENUO AIKO and ALKA MEHTA!

School of Biosciences and Technology, VIT University, Vellore 632014, India

'Corresponding author.
TEL: 491 416 220 2479;
FAX: +91 416 224 0411;
EMAIL: alkamehta@vit.ac.in

ABSTRACT

Clove was studied for its effect on the growth of Penicillium citrinum and citrinin
production in culture medium and rice. The minimum concentration at which
clove inhibited fungal growth and citrinin production was determined and
recorded as 1.8 mg/mL in yeast extract sucrose broth. All concentrations of clove
inhibited the fungal growth; however, citrinin production was inhibited signifi-
cantly only at higher concentration. At 1.6 mg/mL, clove inhibited fungal growth
and citrinin production by 80 and 589%, respectively; hence, this concentration
was used to study the relationship between P. citrinum and citrinin production.
Clove inhibited the growth of P. citrinum in culture media by 60-70%, through-
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out the observation period of 14 days. Along with the fungal growth inhibition,
citrinin production was inhibited significantly. In rice, clove delayed the growth
of Penicillium by 3 days; however, after 5 days of incubation, fungal growth and
citrinin production were equivalent to the control.

PRACTICAL APPLICATIONS

Citrinin is a nephrotoxin and found as a common contaminant in rice, wheat and
red yeast rice. This study showed the potential of clove in controlling P. citrinum
and citrinin in culture media and rice. As spices are commonly used in many food
ingredients, clove may be recommended for use in processed and ready-to-eat
foods as a preservative. The use of whole clove eliminates the need for extracting
essential oils and is more economical.

hazardous to both humans and animals. Citrinin is hepa-
totoxic and nephrotoxic to a number of animal species

INTRODUCTION

Citrinin is a mycotoxin produced by Penicillium citrinum,
Penicillium expansum, Monascus purpureus, Monascus ruber,
Aspergillus ochraceus, Aspergillus niveus (Hetherington and
Raistrick 1931; Kurata 1990; Blanc et al. 1995). Few citrinin-
producing fungi also produce ochratoxin A and patulin,
and co-occurrence of citrinin with these toxins has been
reported (Vrabcheva et al. 2000; Martins et al. 2002). These
fungi are found as natural contaminants in a wide variety
of food and feed grains, fermented and processed food
(Pattanagul et al. 2008; Li et al. 2012; Zaied et al. 2012). Red
yeast rice, which is used as dietary supplement, food preser-
vative and colorant in many Asian foods, is reported to be
often contaminated with citrinin (Gordon et al. 2010; Li
et al. 2012). Consumption of such contaminated food is
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(Bilgrami et al. 1988). It primarily affects the kidney, and
the possible role of citrinin and ochratoxin A in the Balkan
endemic nephropathy was implicated (Vrabcheva et al.
2000). Although there are no prescribed regulations for
citrinin contamination, the European Food Safety Authority
has determined a level of no concern for nephrotoxicity of
0.2 ug/kg body weight per day for citrinin (EFSA 2012).
The ubiquitous nature of fungi and mycotoxins makes
them unavoidable contaminants. A number of methods
have been developed for removing them from food and
feed. Botanicals such as medicinal plants, herbs and spices
have been exploited as antimicrobial agents and for inhibit-
ing the synthesis of various mycotoxins. Extracts and essen-
tial oils of plants have been used for inhibiting fungi and

Journal of Food Safety 33 (2013) 440-444 © 2013 Wiley Periodicals, Inc.



V. AIKO and A. MEHTA

mycotoxins in culture media and food materials as well.
The oil extracted from thyme, anise, cinnamon and spear-
mint was reported to inhibit aflatoxins, ochratoxin A and
fumonisins in wheat grains (Soliman and Badeaa 2002).
The growth of Aspergillus flavus and aflatoxin Bl produc-
tion were inhibited efficiently by clove and cinnamon
in culture media and rice (Aiko and Mehta 2013). Very
few studies have been carried out for controlling citrinin
contamination. The essential oil of Zataria multiflora
and extracts of Azadiracta indica, Cymbopogon citratus,
Andrographis paniculata were reported to inhibit the
growth of P citrinum and citrinin synthesis (Mossini
and Kemmelmeier 2008; Reddy etal. 2010; Noori et al.
2012). The components of clove and thyme, i.e., eugenol
and thymol, respectively, have been reported to inhibit
P. citrinum growth and citrinin production as reported by
Vazquez et al. (2001).

The objective of the present study was to study the
efficacy of whole clove in controlling the growth of
P, citrinum and production of citrinin. The relationship
between growth of P. citrinum and citrinin production with
time in the presence of clove was studied.

MATERIALS AND METHODS

Spice and Fungal Strain Used

Clove (Syzygium aromaticum) was purchased from a retail
outlet of Vellore, India. The spice was checked and found
free from fungal and mycotoxin contamination.

A citrinin-producing strain of Penicillium was isolated
from the herb Glycyrrhiza glabra. The fungus was identi-
fied at the Agharkar Research Institute, Pune, India, as
P. citrinum Sopp 1910 by partial DNA sequence (504 bases)
similarity with NCBI sequence accession HQ232482.1.

Effect of Clove on the Growth of
Penicillium citrinum

Clove was cut into small pieces of approximately 3 mm in
mesh size. Various concentrations of clove ranging from 0.2
to 2.0 mg/mL were added to 20 mL yeast extract sucrose
(YES) culture broth in 100 mL Erlenmeyer flask and auto-
claved at 121C for 15 min. A spore suspension of 10°/mL in
sterile distilled water was prepared by collecting the spores
from 7-day-old P. citrinum culture. One hundred micro-
liters of the spore suspension was inoculated into the
medium and incubated at 28C for 7 days. A control set
without clove was maintained under the same condition.
The antifungal activity was determined after 7 days of
incubation in terms of mycelia biomass (dry mycelium
weight). The mycelium in the medium was filtered
through Whatman paper, and the dry weight was deter-
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mined by drying at 60C in hot air oven until weight became
constant. The minimum inhibitory concentration (MIC)
of clove against P. citrinum was determined after 7 days of
incubation.

Effect of Clove on Citrinin Production

Citrinin was extracted from the culture broth with equal
volume of chloroform (20 mL). The extraction was per-
formed in a separating funnel and shaken vigorously by wrist
action movement. The chloroform layer was collected, pooled
and analyzed. Qualitative analysis of citrinin was performed
by thin layer chromatography (TLC) as given by Golinski
and Grabarkiewicz-Szczesna (1984). Ten microliters of the
extract along with the standard citrinin was spotted on a TLC
plate (Silica gel 60, Merck, Whitehouse, NJ, USA) and devel-
oped in a toluene/ethyl acetate/formic acid (6:3:1 v/v/v)
solvent system. The plates were then observed in an ultravio-
let cabinet at long wavelength for the characteristic yellow
fluorescence of citrinin. The amount of citrinin produced
was quantified using a UV spectrophotometer (Shimadzu
1800, Kyoto, Japan) by measuring the absorbance at a wave-
length of 330 nm. The percentage inhibition of citrinin pro-
duction was calculated following Tian et al. (2011).

Inhibition % = (1 — mean concentration of citrinin in
treatment/mean concentration of
citrinin in control) X 100

Relationship between the Growth of
P. citrinum and Citrinin Production in
the Presence of Clove

The growth of P. citrinum and citrinin production in the
presence of clove was studied up to 14 days. Clove at
1.6 mg/mL concentration was used to study the relationship
between the growth of P. citrinum and citrinin production
following the procedure mentioned in the Effect of Clove
on the Growth of Penicillium citrinum section. The flasks
were incubated at 27C for 14 days. Every second day, the
growth of the fungi was determined by dry mycelium
weight, and citrinin production was quantified as men-
tioned in the Effect of Clove on the Growth of Penicillium
citrinum and Effect of Clove on Citrinin Production sec-
tions. A control set was maintained without the addition of
clove under the same condition. The percentage inhibition
was calculated as mentioned earlier.

Inhibitory Effect of Clove in Rice

The inhibitory effect of clove against the growth of
P, citrinum and citrinin production was studied on white
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TABLE 1. EFFECT OF DIFFERENT

Clove (mg/mL) DMW (g) % Inhibition Citrinin (mg/g) % Inhibition
CONCENTRATIONS OF CLOVE ON THE
0 1.018+0.031° 0 10.77 +£1.03° 0 GROWTH OF PENICILLIUM CITRINUM AND
0.2 0.951+0.015° 6.48 144 £4.4° 0 CITRININ PRODUCTION IN YES MEDIUM
0.5 0.928 £0.073° 8.84 15.82 £ 1.03" 0 AFTER 7 DAYS OF INCUBATION
0.8 0.643 £ 0.166° 36.83 9.02+1° 16.24
1.6 0.187 £ 0.007¢ 81.63 4.5+0.39¢ 58.22
1.8* 0£0 100 0+0 100
2 0+0 100 0+0 100

* MIC at 1.8 mg/mL.
Values are mean (n = 3) + SD.

Values followed by different letters in a column are significantly different in one-way ANOVA

(P<0.05).

ANOVA, analysis of variance; DMW, dry mycelium weight; MIC, minimum inhibitory concentra-

tion; SD, standard deviation; YES, yeast extract sucrose.

polished rice. Twenty grams of rice in 100 mL Erlenmeyer
flask was washed with distilled water and completely
drained. One hundred milligrams (5 mg/g rice) of clove
was added to the washed rice and autoclaved at 121C for
15 min. One hundred microliters of P. citrinum spore sus-
pension (10° spores/mL) was inoculated and incubated at
28C for 5 days. Moisture content of the rice was maintained
at 23% for optimal fungal growth and toxin production.
After incubation, citrinin was extracted from 20 g rice
culture with 40 mL chloroform by vigorous shaking and
then filtered through Whatman paper. The amount of citri-
nin produced was quantified as described in the Effect of
Clove on Citrinin Production section.

Statistical Analysis

All the experiments were carried out in triplicate and
repeated to confirm the results. The data were reported as
mean * standard deviation and subjected to analysis of
variance to determine the significant difference at P < 0.05
level.

RESULTS AND DISCUSSION

The antifungal activity of clove was studied against
P citrinum in YES medium. Fungal growth and citrinin
synthesis in the presence of clove are given in Table 1. The
result showed that all the concentrations of clove had
some inhibitory effect on the growth of fungus in a dose-
dependent manner. The growth of P. citrinum gradually
decreased with increasing concentrations of clove and up
to 81% inhibition was observed at 1.6 mg/mL. Clove at
concentrations from 1.8 mg/mL and above completely
inhibited P. citrinum growth in culture media. Although the
fungal growth was reduced, lower concentrations of clove
(0.2 and 0.5 mg/mL) had enhanced the production of citri-
nin. However, at higher concentrations (>0.5 mg/mL), the
synthesis of citrinin was reduced, and complete inhibition
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was observed at 1.8 mg/mL of clove. Hence, the MIC of
clove was recorded as 1.8 mg/mL in YES medium. These
results were in confirmation with the study of Bokhari
(2007), who reported complete inhibition of P. citrinum
and citrinin production by clove in the study of antifungal
activity of spices. However, the concentration used in his
study was much higher (8 mg/mL) than used in the present
study. In a study by Reddy et al. (2010), aqueous extract of
C. citratus and A. paniculata also showed the inhibition of
P, citrinum and citrinin production, which increased with
increasing concentration of the plant extracts.

At 1.6 mg/mL, clove inhibited fungal growth and citrinin
synthesis up to 80 and 58%, respectively. This concentration
was further used to study the relationship between growth
of P. citrinum and citrinin production over a period of time.
The observations were taken every 2 days by obtaining the
dry weight of the mycelium. The highest growth was noted
on the sixth and eighth days of incubation in both control
and in the presence of clove. Although the growth curve was
similar in both conditions, the presence of clove inhibited
the fungal growth significantly (P <0.05). The growth of
P, citrinum was controlled efficiently on all the days, with
60—70% inhibition from the 4th until the 14th day of incu-
bation as given in Table 2.

The production of citrinin by P. citrinum at different days
in the presence and absence of clove is illustrated in Fig. 1. In
control, citrinin was produced from the second day and
reached a maximum on the sixth day, after which a decline
in the production was noted. A similar observation was
reported by Vazquez etal. (2001) where citrinin was pro-
duced to a maximum on the 12th day and after which the
production declined. In the presence of clove, the concentra-
tion of citrinin produced was significantly lesser than the
control (P <0.05). The amount of citrinin produced on the
second day of observation was equivalent in both control and
clove. As the incubation period increased, the production of
citrinin was inhibited from the fourth day onward (Table 2).
Clove inhibited both the growth and citrinin production
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TABLE 2. PERCENT INHIBITION OF PENICILLIUM CITRINUM GROWTH
AND CITRININ PRODUCTION AT DIFFERENT DAYS BY CLOVE IN YES
MEDIUM

Inhibition of mycelia Inhibition of citrinin

Day growth % synthesis %
2 26.97 0
4 70.22 89.36
6 73.19 87.5
8 70.95 79.99
10 68.27 71.66
12 62.29 64.68
14 64.53 46.53

Concentration of clove used was 1.6 mg/mL.
YES, yeast extract sucrose.

significantly as given in Fig. 1. A direct correlation between
fungal growth and citrinin production was observed. Reduc-
tion in fungal biomass resulted in decreased production of
citrinin. Kumar et al. (2008) also reported a direct correlation
in the case of A. flavus growth and aflatoxin production in
the presence of thyme essential oil. The results obtained
suggest that inhibition of P. citrinum growth resulted in the
subsequent inhibition in citrinin production.

Various substrates such as rice, wheat, corn, etc., have been
used for the production of citrinin (Damodaran et al. 1973;
Jackson and Ciegler 1978). Li et al. (2012) have reported the
natural occurrence of citrinin in 52% of red yeast rice and
related product samples analyzed for citrinin. These food
stuff proved to be good substrates for the growth of fungi and
mycotoxin production. Hence, the need for an efficient, safe
and natural method for controlling these contaminants in
food is required. In this experiment, clove was used to study
its inhibitory effect on P citrinum and citrinin production
in rice. The results showed that the presence of clove in rice
delayed the growth of P. citrinum for 3 days; however, the
fungus started to grow from the fourth day. At the end of
the 5-day incubation, fungal growth was equivalent to the
control. The amount of citrinin produced in the presence of
clove and control, as given in Table 3, did not show inhibition
of citrinin production by clove at 5 mg/mL. These results
were in contrast with the observations of the authors, where
clove inhibited the production of aflatoxin B1 in rice by 99%

0.8 4
0.6 §
0.4 4

FIG. 1. GROWTH OF PENICILLIUM CITRINUM
AND CITRININ PRODUCTION IN THE PRES- 0l
ENCE OF CLOVE IN YEAST EXTRACT SUCROSE 2 4 6
MEDIUM AT DIFFERENT DAYS

0214

Dry Mycelium Weight (g)
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TABLE 3. PRODUCTION OF CITRININ BY PENICILLIUM CITRINUM IN
THE PRESENCE OF CLOVE IN RICE

Test Rice (g) Clove (mg) Citrinin (ug/g)
Control 20 0 29.5+3.53
Clove 20 100 34 +£5.65

Values are mean (n = 3) = SD.
Concentration of clove used was 5 mg/g.
SD, standard deviation.

without inhibiting mycelia growth of A. flavus (Aiko and
Mehta 2013), indicating that the mechanism of inhibition by
clove may vary from organism to organism. The inhibitory
effect of clove against P. citrinum both in culture media and
rice was similar. In both conditions, citrinin production was
found to be directly related to the fungal growth, where inhi-
bition of growth ultimately resulted in inhibition of toxin
production. Clove at lower concentration, ie., 1.8 mg/mL,
completely inhibited fungal growth and citrinin production
in culture media; however in rice, even 5 mg/mL did not
exhibit any inhibitory effect. The antifungal property of clove
can be attributed to eugenol, which is the main constituent
of clove. Eugenol has been used for inhibiting the growth of
A. flavus and P, citrinum and their mycotoxins (Bullerman
etal. 1977; Vazquez etal. 2001; Xing etal. 2012). M. pur-
pureus, commonly used for the fermentation of red yeast rice,
is also a potent citrinin producer (Pattanagul efal. 2008).
Hence, further studies may be carried out using clove and
other common spices against M. purpureus.

CONCLUSION

The present study has shown that clove inhibits the
growth of P. citrinum and citrinin production efficiently in
culture medium. A direct correlation between the growth of
P, citrinum and citrinin production in the presence of clove
was noted. In rice, clove inhibited the fungal growth as well
as citrinin production up to 3 days. The inhibitory effect of
clove in rice is significantly important because of citrinin
contamination in fermented rice products. Spices are com-
monly used as preservatives, medicine or as flavoring and
antimicrobial agent. The antifungal property of spices may

25- - .
aControl Citrinin production

BClove

mControl
BClove

Citrinin Concentration (mgl/g)

10 12 14 2 4 6 8 10 12 14
Incubation periods (Days)
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be applied to food and feed during the various stages of
processing as a measure for quality control.
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