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A seasonal study on citrinin concentrations in traditional beer was conducted using a standardised
enzyme-linked immunosorbent assay. Representative samples of indigenous South African beer were
collected during the hot, mild and cold seasons from marginal-urban settlements in the Kimberley area,
South Africa. The mean temperature and humidity readings were 37°C and 29% for respectively
summer, 19.4°C and 7.1% for spring, and 16.3°C and 6.5% for winter. Samples were analysed for the
mycotoxincitrinin using a commercial Ridascreen (citrinin) ELISA Kkit, validated for the purpose of the
study. The recovery level achieved for citrinin in beer samples using the kit was 117 + 15%. The inter-
assay and intra-assay variations were 17.8 and 14.8% respectively. Standard curves prepared using
traditional beer samples were similar to the standard curves prepared using the kit standards. The
mean citrinin concentrations found in the various samples were 257.6 ug/kg, 99.0 and 185.7 ug/kg for
the summer, spring and winter seasons respectively and the levels ranged between 35.6 ug/kg (min)
and 924.2 ug/kg (max). Statistically significant differences (p <0.05) were found between the citrinin
levels of the summer and spring samples and also between citrinin levels of the spring and winter
samples (p <0.001). The relatively high levels of citrinin in selected samples may, with prolonged
exposure, have adverse impacts on the health of consumers. Thus further studies into the origin and
levels of this mycotoxin should be a priority.
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INTRODUCTION

Citrinin is a fungal metabolite and a common food
contaminant (Flajs and Peraica, 2009) which can cause
the deterioration of liver or kidney function in animals
(Chan and Shiao, 2007; Sweeney and Dobson, 1998).
Citrinin has been reported in foods by several authors
and its presence, particularly in fermentation products, is
thought to be a potential threat to public health (Bennett
and Klich, 2003; Pitt et al., 1996). Krejci et al. (1996)
found that food contaminated with Penicillium citrinum
caused functional and morphological renal damage and
resulted in increased urination. Ingestion of these

mycotoxins by humans occurs mainly through plant-
based foods, but also as residues and metabolites
present in animal-derived foods.

Citrinin is produced by moulds such as Aspergillus and
Penicillium and the species most widely recognised for
producing this mycotoxin are Penicillium citrininand
Penicillium expansion, although Penicillium verrucosum
is also known to produce citrinin (Watanabe, 2008).
Fungal species that produce citrinin are predominantly
mesophilic and grow at a temperature range of 5 to 40°C
with an optimum of between 26 and 30°C.
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The production of citrinin occurs from 15 to 37°C
(Roberts et al., 1996). Environmental factors such as
temperature, humidity and rainfall also play a role in
fungal growth which may result in mycotoxin production.
Citrinin levels varying from 0.28 and 6.29 pg/g in
Monascus fermentation products have been reported by
Liu et al. (2005). In countries such as Denmark samples
of barley and oats have been reported to be con-
taminated with 160 to 20000 pg.kg™ of Citrinin (Lillehoj
and Goransson, 1980). Whilst several studies have also
reported on the occurrence of mycotoxins in traditional
beer produced from malt, as well as several other cereal-
based commodities (Zinedine and Manes, 2009; Samar
et al., 2007; Wolf-Hall, 2007; Odhav and Naicker, 2002;
Scott, 1996). The maize used in the brewing process has
frequently been reported to be contaminated with fungi
(Hazel and Patel, 2004; Bullerman and Bianchini, 2007).
Apart from maize, mycotoxin-producing fungi have been
reported to also infect barley, wheat, corn, fruit and
sorghum (Zinedine and Manes, 2009; Larsen et al.,
2004). Most mycotoxins are chemically stable and as a
result tend to survive storage and processing even at
high temperature.

The aim of this study was to validate the
Ridascreencitrinin enzyme-linked immunosorbent assay
(ELISA) for screening indigenous South African beer for
the occurrence of citrinin as well as to investigate possi-
ble seasonal variations of citrinin concentrations in tradi-
tional beer, brewed in the greater Kimberley area.

MATERIALS AND METHODS
Sampling Protocol

Seventy beer samples were collected from various traditional beer
brewers during spring, summer, and winter in the greater Kimberley
area, South Africa. Brewers of indigenous South African beer were
selected using the stratified method and the samples were collected
in the early hours of the morning from freshly produced supplies
using sterile sampling bags (Whirl-pack, NASCO). The samples
were transported on ice to the laboratory, mixed thoroughly and
centrifuged for 5 minutes at 1000 x g to separate the supernatants
from the cells. The supernatants were aliquoted and stored in 96
well trays.

Quantification of citrinin in beer samples using enzyme-linked
immunosorbent assay (ELISA)

Ridascreencitrinin ELISA kits (AECI Amersham, South Africa) were
used to analyse the mycotoxins and the manufacture’s protocol
was followed. The sample or standard (50 ul per well) and 50 pl per
well of anti-citrinin antibody were added to citrinin coated plates,
agitated and incubated for 10 min at room temperature. After incu-
bation the plates were washed four times with 250 ul per well
deionized H,0. The plates were then dried and 100 pul of the secon-
dary antibody conjugate solution was added to the wells. The
reaction was allowed to proceed for 10 minutes at room tempera-
ture and unreacted antibodies were removed by washing three
times with 250 pl of deionized H,0 per well. Two drops of
chromogen substrate solution were added to each well, mixed and
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incubated in the dark for 5 minutes at room temperature after which
the reaction was terminated by the addition of a stopping solution.
The plate was read on a plate spectrophotometer at 450nm and the
percentage absorbance was calculated for all the wells using the 0
ppb citrinin standard as the reference. The kit standards were used
for the construction of a standard curve obtained by plotting per-
centage absorbance against citrinin concentrations. The resulting
values were read from this standard curve.

Validation of the Ridascreen enzyme-linked immunosorbent
assay (ELISA) for citrinin

The inter- and intra-assay variation of the Ridascreen ELISA for
citrinin was determined to ascertain whether assays were repro-
ducible. Samples were assayed in triplicate. The mean and stan-
dard deviations for the samples were calculated and the results
were used to determine inter- and intra-assay variations.

RESULTS

Validation of the Ridascreen enzyme-linked
immunosorbent assay (ELISA) citrinin for traditional
beer

The citrinin recovery level was 117 + 15% and the inter-
and intra- assay variations were 17.9% and 14.9% res-
pectively (data not shown). Figure 1 shows the results
obtained using kit standard and beer standard. The curve
obtained using beer samples is parallel to the curve
obtained using the standards provided with the kit.

The screening of traditional beer for citrinin using
Ridascreen enzyme-linked immunosorbent assay
(ELISA) kits

Citrinin was detected in all the samples, but in varying
concentrations during the different seasons. The mean
citrinin concentrations found in the various samples were
99.0, 257.6 and 185.7 ug/kg for the spring, summer, and
winter seasons respectively and the levels ranged bet-
ween 35.6 pg/kg (min) and 924.2 pg/kg (max). Citrinin
concentrations during spring and summer were found to
differ significantly (P <0.05). This was also the case bet-
ween the spring and winter (P <001) sample sets (Figure
2).

DISCUSSION

The results obtained from this study differed from those
obtained in a previous study on South African beer which
reported that citrinin was not detectable in beer, as it is
destroyed during the mashing step (Odhav and Naicker,
2002). The levels of citrinin detected in the present study
have likely been determined by the climatic conditions as
well as the more sensitive Ridascreen method used for
detection. Because of the difference in humidity between
the different collection periods, it would be expected that
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Figure 1. A comparison between the citrinin kit standard curve and standard curve using dilution
series of indigenous traditional beer (Ln transformation).
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Figure 2. A comparison of the citrinin concentrations (mean) in samples collected at
different seasons of the year (A/B significant P < 0.05; A/C significant P < 0.001).

there would be differences between the citrinin levels of
the samples collected at these intervals. The citrinin
levels in the samples collected during summer and
spring, when the humidity and temperature were high,
were found to be significantly higher than during the other
seasons. The growth of fungi is known to be enhanced by
high temperatures and humidity (Schrodter, 2004) and
the findings of this study thus substantiate reports that

countries with warmer climates are prone to mycotoxin-
contaminated grains and consequently to beers con-
taining toxins (Magan et al., 2011; Raghavender and
Reddy, 2009). The levels of citrinin detected in this study
could pose serious health risks to consumers, especially
considering citrinin can accumulate in the liver (Gao et
al., 2010). Habitual consumers of these brewers therefore
have greater exposure to the harmful effects of this myco-



toxin. Prevention of and/or monitoring of the production
process in areas where traditional beer is brewed and
consumed in large quantities are thus important.
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