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A study on the natural occurrence of aflatoxins in Chinese peanut butter and sesame paste samples

was conducted. Aflatoxin B1 (AFB1) was the predominant toxin detected abundantly and frequently at a

level up to 68.51 μg/kg in 41 of 50 peanut butter samples and 20.45 μg/kg in 37 of 100 sesame paste

samples analyzed by liquid chromatography (LC). Of the AFB1-positive samples, 15 (37%) and 1 (2%)

peanut butter samples with AFB1 exceed European Union (EU) and Chinese regulations, respectively,

whereas 19 and 32% of sesame paste samples contained AFB1 higher than Chinese and EU

regulations, respectively. Fourteen and 1 peanut butter samples and 10 and 7 sesame paste samples,

respectively, will be legally claimed as positive, rejected, and even banned with consideration of an

uncertainty of 40% for AFB1, based onEU andChinese regulations. Seeking to balance health benefits

with the potential trade disruptions that regulations can cause is the issue of concern.
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INTRODUCTION

Aflatoxins are a group of potent hepatotoxic, teratogenic,
mutagenic, and carcinogenic compounds produced byAsper-
gillus flavus, Aspergillus parasiticus, and Aspergillus nominus
in a number of foods both pre- and postharvest. They have
been most commonly associated with groundnuts and their
products, tree nuts, maize, dried fruit, spices, cottonseed, and
so forth under specific moisture and temperature conditions.
The major aflatoxins of concern and economic importance
are aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1

(AFG1), and aflatoxin G2 (AFG2), with AFB1 being predo-
minant and themost toxic (1 ). It was documented as a group I
carcinogen by the International Agency for Research on
Cancer, probably implicated in the etiology of humanprimary
hepatocellular carcinoma (PHC) (2 ). The incidence of PHC
varies widely throughout the world. It is one of the most
common cancers and a public health issue in China, sub-
Saharan Africa, and Southeast Asia (3 ). A 10-year surveil-
lance program from 1980 to 1990 in China revealed that
the number of patients diagnosed annually with PHC was
110,200, accounting for approximately 45% of the total PHC
cases in the world (4 ). According to the National Center for
HealthStatistical InformationofChina, the overall numberof
deaths and proportionate mortality of PHC ranked first in
malignant tumors in rural areas (25.9/105) and second in
urban areas (22.34/105) in 2006, respectively (5 ). The geogra-
phical variation of PHC also suggests that the causes of PHC
are multifactorial: genetic susceptibility and environmental
exposures including chronic infection of hepatitis B virus

(HBV), algal toxins in drinking water, and dietary exposure
to AFB1 are involved in the extraordinarily high rate of PHC
in these regions.
China is one of the largest peanut producers in the world.

The annual peanut output is 15 million tons, accounting
for 42% of the world’s output and contributing 25% to the
world’s gross trade. Peanuts are frequently contaminatedwith
aflatoxins, owing to aflatoxin-producing fungi that have a
high affinity to growth in peanut kernels. The earliest survey
carried out in China in 1972 showed that 444 of 1689 (26%)
rawpeanut samples and 560of 1172 (48%)peanut oil samples,
respectively, were contaminated with AFB1 at concentrations
above the limit of detection (LOD) of 5 μg/kg (data not
published). According to the results of a nine-year successive
surveillance conducted from 1990 to 1999 in Fujian province,
323 (66%) peanut oil samples were positive for AFB1 and 71
samples with AFB1 levels exceeded the Chinese legislation
of 20 μg/kg (6 ). Hence, it is likely that the contamination of
AFB1 in Chinese peanut and its products is severe.

Peanut butter is popular in some countries such as Canada,
the United States, Australia, the United Kingdom, and New
Zealand, due to its cholesterol-free, unique flavor, and rich-
ness in protein, vitamins, minerals, and unsaturated fatty
acids. It is especially consumed with pleasure by children.
Omer et al. (7, 8) reported that peanut butter consumptionhas
been identified as a strong risk factor for hepatocellular
carcinoma as a result of aflatoxin contamination in Sudan.
More reports on natural occurrence of aflatoxins in peanut
butter were found in the world, but there are no data from
China (9-11). Additionally, sesame paste is of great impor-
tance and popular in Chinese kitchens as sauce for hotpot,
vegetable salad, steamed twisted rolls, and so forth.
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Sesame seed is sensitive to aflatoxin-producing fungal inva-
sion as well. Therefore, for the sake of reducing dietary
exposure to aflatoxins and protecting human populations
from mycotoxin-related sufferings, the objectives of the pre-
sent study are to study the natural occurrence and distri-
bution of aflatoxins in peanut butter and sesame paste and
to evaluate the potential effect of contamination of both
foods with aflatoxins on international trade. The data ob-
tained in this study might shed light on ongoing research
and the hypothesis about the relationship between human
dietary exposure to aflatoxins and high mortality of PHC in
China.

MATERIALS AND METHODS

Samples. A total of 100 sesame paste and 50 peanut butter
samples manufactured domestically in 2007 were collected
from Beijing, Shanghai, Changchun, Chengdu, Shijiazhuang, and
Zhengzhou retail markets. For the sesame paste, 59 samples were
industrially manufactured and packed in glass bottles with shelf
lives between 12 and 24 months, and 15 and 26 bulk samples were
freshly prepared and obtained from free markets and restaurants,
respectively. For the peanut butter, all samples were packaged either
in plastic jars or in laminated paper packs with shelf lives between
9 and 18 months. The varieties included smooth (38 samples) and
chunky (12 samples) peanut butter. Two of the smooth peanut
butter samples were mixed with cocoa. The chunky peanut butter
has peanut pieces blended into the smooth peanut paste. The
majority (82%) of peanut butter was produced in Shandong pro-
vince, the key peanut production base in China. The brands covered
>90% of the domestically commercialized peanut butter and
sesame paste products. All samples were analyzed for AFB1,
AFB2, AFG1, and AFG2 and stored at 4 �C prior to analysis.

Chemicals and Reagents. Standards for AFB1, AFB2, AFG1,
and AFG2 were purchased from Sigma Chemical Co. (St. Louis,
MO). All organic solvents and water used for sample extraction and
toxin separation were of HPLC grade. Sodium chloride was of
analytical grade. The immunoaffinity column containing monoclo-
nal antibody specific for AFB1, AFB2, AFG1, and AFG2 was
purchased from Vicam Corp. (Watertown, MA).

Extraction of Aflatoxins. The test portion sample (25 g) was
blended with 5 g of sodium chloride and 125 mL of a methanol/
water (6:4, v/v) mixture for 1 min. Sample extract was filtered,
diluted 2-fold with water, and passed through a glass microfiber
paper. A 10 mL portion was applied to a conditioned immunoaffi-
nity column. Aflatoxins were separated, purified, concentrated on
column, and removed from antibodies with 1 mL of methanol. The
eluate was analyzed by both fluorometer and liquid chromato-
graphy (LC).

Fluorometer and LC Determination. For the analysis of
aflatoxins, all peanut butter and sesame paste samples were quali-
tatively screened for total aflatoxins with a TorBex model FX-100
fluorometer (Vicam Corp.) after reaction with bromine solution.
Samples with a positive fluorometer calibration response (contain-
ing g1 μg/kg total aflatoxins) were reanalyzed by LC with fluores-
cence detection and postcolumn iodine derivatization. AHitachi L-
2130 pump equipped with a 200-L2000-000 organizer and a Hitachi
L-2485 fluorescence detector with excitation/emission wavelengths
of 360/440 nm were used. A 150 mm � 4.6 mm i.d., 5 μm, short
Cloversil reverse phase column (Vicam Corp.) thermostated at 30
�Cwas employed; themobile phase wasmethanol/water (50:50, v/v)
at a flow rate of 1 mL/min for separation of the four aflatoxins. The
injection volume into LC system for both standard and final sample
extract was 20 μL. The detection limit for total aflatoxins by
fluorometry was 1 μg/kg, and that for AFB1, AFB2, AFG1, and
AFG2 by LC was 0.15 μg/kg, respectively.

Mean recoveries of AFB1, AFB2, AFG1, and AFG2 from tripli-
cate peanut butter samples were 84, 96, 88, and 68% at 0.25 μg/kg
with coefficients of variation (CV) of 4, 4, 5, and 9%, respectively,
and 95, 98, 90, and 67% at 1.5 μg/kg with CVs of 4, 4, 4, and 10%,

respectively. At 3 μg/kg, the recoveries of AFB1, AFB2, AFG1, and
AFG2 were 98, 96, 93, and 67% with CVs of 5, 5, 5, and 10%,
respectively.

Confirmation of Positive Samples. Positive results were con-
firmed by ultraperformance liquid chromatography tandem mass
spectrometry (Waters,Milford,MA). Chromatographic separation
of four aflatoxinswas performed on a 100mm� 2.1mm i.d., 1.7μm,
UPLC BEH C18 column (Waters). A gradient program was used
with themobile phase combining solvent A (10mmol/L ammonium
acetate) used for the ESI+ mode and solvent B (methanol) as
follows: 20% B (initial), 20-85% B (5.5 min), 85-100% B
(0.3min), 100-20%B (1.2min). A subsequent re-equilibration time
(2 min) should be performed before the next injection. The flow rate
was 0.3 mL/min, whereas the injection volume was 5 μL.Moreover,
the column and sample temperatures were maintained at 35 and
25 �C, respectively. MS/MS was performed on a Micromass Quat-
tro Ultima triple-quadrupole mass spectrometer equipped with an
ESI source (Micromass, Manchester, U.K.). The parameters used
for the mass spectrometer under the ESI+ mode were as follows:
capillary voltage, 3.5 kV; cone voltage, 45 V; source block tempera-
ture, 120 �C;RF lens one, 32; aperture, 0; RF lens two, 0.7; cone gas,
50 L/h; desolvation temperature, 350 �C; desolvation gas, 500 L/h;
argon collision gas pressure, 3 � 10-3 mbar; LM lens one, 12.5 V;
HM lens one, 12.5 V; ion energy one, 0.6 eV; entrance lens voltage,
10 V; collision gradient, 1.0; exit lens voltage, 12.5 V; LM lens two,
12.5 V; HM lens two, 12.5 V; and ion energy two, 1 eV.

RESULTS AND DISCUSSION

NaturalOccurrence ofAflatoxins inChinesePeanut Butter.

The natural occurrence of aflatoxins in Chinese peanut
butter samples is shown in Table 1. It is observed that
aflatoxins are present in most of the samples analyzed with
the frequency of 82% and levels ranging from 1 to 74 μg/kg
by fluorometry (mean = 9.3 μg/kg, median = 3 μg/kg)
and from 0.77 to 70.64 μg/kg by LC (mean = 8.51 μg/kg,
median = 3.2 μg/kg). The correlation coefficient of 0.9963
(R2 = 0.9926) indicates a perfect match in aflatoxin con-
centration analyzed by both methods. Therefore, to save
time and reduce manpower, fluorometry can be employed as
an initial screening method backed up by determination of
the four individual aflatoxins by LC. This combination is
cost-effective in the quantification of these compounds
because of the large number of samples analyzed.
According to LC results, AFB1 and AFB2 are found in all

41 aflatoxin-positive samples, whereas AFG1 and AFG2 are
present in 40 and 37 samples, respectively. AFB1 is the
predominant toxin and accounts for on the average of 60%
(range= 27-97%) of the total aflatoxins followed byAFG1

(28%), AFB2 (12%), and AFG2 (8%). European Union
(EU) regulated dual limits for both AFB1 (2 μg/kg) and the
sum of AFB1, AFB2, AFG1, and AFG2 (total aflatoxins =
4 μg/kg) in all foods. China established a maximum limit
(ML) of 20 μg/kg for AFB1 alone in peanut and peanut-
based products, but without any regulations for total afla-
toxins. The EU is the largest importer of Chinese peanut
products. Therefore, of the aflatoxin-positive samples, 16
(39%) with total aflatoxins exceed the EU regulation of
4 μg/kg, whereas 15 (37%) and 1 (2%) samples with AFB1

are higher than EU and Chinese regulations, respectively.
It is interesting to note that two samples with high levels of
total aflatoxins (50.81 and 20.16 μg/kg) contained higher
concentrations of AFG1 (21.22 and 11.92 μg/kg) than AFB1

(17.72 and 5.9 μg/kg). Confirmation of positive results was
achieved by LC-MS/MS, either total ion chromatogram
(TIC) of four aflatoxins in peanut butter or chromatograms
of quantified daughter ions fragmentized from four positive
ions (Figures 1 and 2).
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Because heavy contamination of peanut-based products
with aflatoxins is regarded as a risk factor for hepatacellular
carcinoma (7 ), the natural occurrence of aflatoxins in peanut
butter has been evaluated in some countries of the world.
Yent

::
ur et al. (11 ) conducted aflatoxin analysis of 20 peanut

butter samples from local markets in Ankara, Turkey, where
mean levels of AFB1, AFB2, and AFG1 were found to be
15.76, 1.23, and 9.69 μg/kg, respectively. A survey of afla-
toxins in peanut butter in Tokyo from 1991 to 1996 showed
that 16 of 197 samples were positive for AFB1 and 2 samples
contained AFB1 above the Japanese action limit of 10 μg/kg
(12 ). Afterward, Yoshiko (10 ) analyzed 21 peanut butter
samples, and 10 hadmaximaof 2.59, 0.52, 0.81, and 0.46μg/kg
for AFB1, AFB2, AFG1, and AFG2, respectively. Offiah
et al. (13 ) examined 32 peanut butter samples fromTrinidad,
and all were negative for aflatoxins. In a survey in the
Republic of Cyprus, 21 of 74 (28%) peanut butter samples
were contaminated with AFB1 at a maximum of 73 μg/kg
(14 ). Siame et al. (15 ) reported that the average aflatoxin
concentration in Botswana peanut butter was 23 μg/kg.
Therefore, peanut butter contamination with aflatoxins in
the present study, in terms of levels and frequencies, is higher
than that found in any other surveys reported previously,
with the exception of one sample from the Republic of
Cyprus. Different geographical and environmental con-
ditions might be responsible for the differences in aflatoxin
contamination and distribution mentioned above. As a
result of aflatoxin limits varying from country to country,
international trade is made more difficult. Hence, seeking to
balance health benefits with the potential trade disruptions
and economic losses that regulations can cause is an issue of
concern worldwide.

Natural Occurrence of Aflatoxins in Chinese Sesame Paste.

Aflatoxins were found in 37 samples (37%) at concentra-
tions between 0.54 and 56.89 μg/kg (mean = 6.75 μg/kg,
median= 2.15 μg/kg) by LC (Table 1). As shown in Table 1,
AFB1 is predominant at concentrations from0.39 to 24.45 μg/
kg (mean = 4.31 μg/kg, median = 1.46 μg/kg). It accounts
for 36-100%of the total aflatoxins (mean=77%,median=
82%) followed by AFG1 (range = 0-46%, average = 11%,
median = 8%), AFB2 (range = 0-26%, mean = 10%,
median = 10%), and AFG2 (range = 0-12%, average =
3%, median= 2%). It should be noted, moreover, that 19%
of the samples contained AFB1 at levels higher than the
Chinese regulation of 5 μg/kg for AFB1. Of 37 aflatoxin-
positive samples, 9 with total aflatoxin levels exceeded the
European regulation of 4 μg/kg (4.32-56.89 μg/kg, 1.08-
14.22 times higher). One third (32%) of the samples were
found to be contaminated with AFB1 at an average of 5.4
times (range = 1.03-10.23-fold) as high as the European
regulation of 2 μg/kg. Besides AFB1, AFB2 at levels ranging

from 0.02 to 4.92 μg/kg (mean = 0.65 μg/kg) was simulta-
neously detected in 36 samples. Twenty-nine samples were
also positive for AFG1 at levels between 0.05 and 26.28 μg/kg
(average = 2.57 μg/kg). AFG2 was found in 22 samples,
although at low levels.
The distribution of aflatoxins in sesame paste from differ-

ent sources is given in Table 2. It should be pointed out that
both total aflatoxins and AFB1 in 26 samples from restau-
rants were all below the EU regulations. Seven of 15 samples
purchased from free markets were positive for both AF-
B1(range = 0.86-14.56 μg/kg, average = 5.32 μg/kg) and
total aflatoxins (range = 1.1-40.49 μg/kg, mean = 12.24
μg/kg). Among them, 2 samples were contaminated with
AFB1 at levels 2.31 and 2.91 times the Chinese tolerance
limit of 5 μg/kg and 5.78 and 7.28 times the EU regulation of
2 μg/kg, respectively. It is worth noting that heavy contam-
ination of aflatoxins was found in samples from supermar-
kets, varying from 0.39 to 20.45 μg/kg (average = 5.73 μg/
kg) for AFB1 and from 0.54 to 56.89 μg/kg (average = 9.44
μg/kg) for total aflatoxins. Of the positive samples, 5 with
AFB1 content of 2.51-4.09 times the Chinese regulation
and 10 with AFB1 concentration of 1.03-10.23-fold EU
regulation, respectively, were observed. Additionally, 7 sam-
ples with total aflatoxins were in excess of the EU regula-
tion of 4 μg/kg. It needs to be emphasized that two sesame
samples with high AFB1 concentration (20.3 and 14.56 μg/
kg) were cocontaminated with a higher level of AFG1 (26.28
and 16.52 μg/kg).

Distribution of Aflatoxins in Chinese Peanut Butter and

SesamePaste.The distribution ofAFB1 in peanut butter and
sesame paste, as well as comparison of the impact of two
different hypothetical standards (Chinese andEU regulatory
limits) on the percentage of samples rejected, are evaluated.
EU Commission Directive 2003/121/EC (16 ) states that for
groundnuts, nuts, dried fruit, and cereals intended for direct
human consumption the measurement uncertainty and cor-
rection for recovery should be taken into account, if one or
more of the subsamples exceeds the maximum limit beyond
reasonable doubt. On the basis of the relative expanded
uncertainty of 39.9% for AFB1 in nuts using LC with
fluorescence detection provided by Maroto (17 ), the abso-
lute expanded uncertainties are 0.8 and 2/8 μg/kg, respec-
tively, forAFB1 at 2μg/kg (EU regulatory limit) and 5/20 μg/
kg (sesame/peanut products, Chinese regulatory limit).
These mean that no sample can be claimed as positive if
the concentration of AFB1 is below 2.80 or 7/28 μg/kg,
respectively. According to the rules mentioned above, 14
samples will be rejected, even banned, if peanut butter that
contains AFB1>2.8 μg/kg is to be eliminated. However, the
application of a 28 μg/kg AFB1 level will result in only one
peanut butter sample rejection. Compared to peanut butter,

Table 1. Natural Occurrence of Aflatoxins in Chinese Peanut Butter and Sesame Paste Analyzed by LC

concn of aflatoxins (μg/kg)

food no. of samples no. of positives positive % statistical parameter AFB1 AFB2 AFG1 AFG2 total

peanut butter 50 41 82 range 0.39-68.51 0-5.52 0-21.22 0-6.36 0.77-70.64

average 6.12 0.67 2 0.46 8.51

median 1.58 0.29 0.41 0.08 3.2

sesame paste 100 37 37 range 0.39-20.45 0-4.92 0-26.28 0-5.75 0.54-56.89

average 4.31 0.63 1.44 0.37 6.75

median 1.46 0.18 0.14 0.04 2.15
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10 and 7 sesame paste samples will face the possibility of
rejection if sesame paste that contains AFB1>2.8 or 7 μg/kg,
respectively, is to be excluded.
This is the first report on the natural occurrence of

aflatoxins in Chinese peanut butter and sesame paste. Heavy
contamination of Chinese sesame paste with aflatoxins is an
issue of concern because sesame paste is one of the most
popular sauces in China and the annual consumption ac-
counts for one-fourth of the world’s total consumption.
Generally, sesame grains are rarely invaded by aflatoxin-

genic fungi because they are very small and resistant to
mechanical damage. It should be pointed out that samples
collected from supermarkets packed in the bottles were
contaminated with higher levels of aflatoxins than those
from restaurants and free markets. This may due to the fact
that the factories stockpiled large quantities of sesame seeds
for production and the seeds were easily invaded by aflatox-
in-producing fungi under the poor storage practices. On the
contrary, the restaurants and free markets make the sesame
paste at the time of consumption. This may not only keep the

Figure 1. Total ion chromatogram of four aflatoxin standards (A) and aflatoxins in peanut butter sample (B).
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paste fresh but also prompts the more rapid consumption of
sesame seeds. Hence, contamination of aflatoxins in bulk
sesame paste from both sources is much lower, in compar-
ison with those from supermarkets. Improper agricultural

practices and adverse storage and processing conditions are
involved in the invasion of peanut and sesame kernels by
aflatoxin-producing fungi. Therefore, peanut and sesame
kernels must be subjected to analysis of aflatoxins at each

Figure 2. Ion chromatograms of [M +H]+ plus IS+ of four aflatoxin standards (A) and peanut butter sample (B).

3523Article Vol. 57, No. 9, 2009J. Agric. Food Chem.,



step of production to keep the final products from contam-
ination by aflatoxins.

SAFETY

Aflatoxins are known as potent carcinogenic compounds.
Consequently, solvent extracts and associated preparation of
standards should be handled with care. All experimental
performance should be kept from light because aflatoxins
are sensitive to light.

LITERATURE CITED

(1) Joint FAO/WHO Expert Committee on Food Additives.
Safety evaluation of certain food additives and contaminants.
Aflatoxins. 49th meeting. Food Additives Series 40; World
Health Organization: Geneva, Switzerland, 1997; pp 359-468.

(2) IARC. The evaluation of the carcinogenic risk of chemicals to
humans. IARC Monograph Supplement 4; IARC: Lyon,
France, 1982.

(3) Waterhouse, J.; Shanmugaratnam, K.; Muir, C.; Powell, J.
Cancer incidence in five continents. In IARC Scientific Pub-
lications; International Agency for Research on Cancer: Lyon,
France, 1982; Vol. 4, No. 42.

(4) Center for Health Statistics Institute. Selected Edition on the
Health Statistics of China (1978-1990); Ministry of Health:
Beijing, China, 1991; pp 78- 79.

(5) The Ministry of Health Information and Statistics Center.
Chinese public health development and statistics bulletin.
2006, no. of request: B330610200710002; available at http://
www.moh.gov.cn/publicfiles/business/htmlfiles/zwgkzt/pgb/
200805/34857.htm (data most recently viewed).

(6) Zhang, J. S; Zhang, S. J. A nine-year surveillance of aflatoxin
B1 in peanut oil. Hai Xia Yu Fang Yi Xue Za Zhi 1999, 5,
52-53.

(7) Omer, R. E.; Bakker,M. I.; van’t Veer, P.; Hoogenboom, R. L.
A. P.; Polman, T. H.G.; Alink, G.M.; Idris, M. O.; Kadaru, A.
M.; Kok, F. J. Aflatoxin and liver cancer in Sudan. Nutr.
Cancer 1998, 32, 174-180.

(8) Omer, R. E.; Verhoef, L.; van’t Veer, P.; Idris, M. O.;
Kadaru, A. M.Y.; Kampman, E.; Bunschoten, A.; Kok, F. J.
Peanut butter intake, GSTM1 genotype and hepatocellular

carcinoma: a case-control study in Sudan. Cancer Causes
Control 2001, 12, 23-32.

(9) Vega, V. A. Rapid extraction of aflatoxin from creamy and
crunchy peanut butter. J. AOAC Int. 2005, 88, 1383–1386.

(10) Konishi, Y. S.; Nakajima, M.; Tabata, S.; Ishikuro, E.;
Tanaka, T.; Norizuki, H.; Itoh, Y.; Aoyama, K.; Fujita, K.;
Kai, S.; Kumagai, S. Occurrence of aflatoxins, ochratoxin A
and fumonisins in retail foods in Japan. J. Food Prot. 2006, 69,
1365-1370.

(11) Yent
::
ur,G. ; Er, B.;

::
Ozkan,M.G.;

::
Oktem,A. B.Determination

of aflatoxins in peanut butter and sesame samples using high-
performance liquid chromatography method. Eur. Food Res.
Technol. 2006, 224,167-170.

(12) Tabata, S.; Ibe, A.; Ozawa, H.; Kamimura, H.; Yasuda, K.
Aflatoxin contamination in foods and foodstuffs in Tokyo:
1991-1996. J. Food Hyg. Soc. Jpn.. 1998, 39, 444-447.

(13) Offiah, N.; Adesiyun, A. Occurrence of aflatoxins in peanuts,
milk and animal feed in Trinidad. J. Food Prot. 2007, 70,
771-775.

(14) Ioannou-Kakouri, E.M.; Aletrari, E.; Christou, A.; Hadjioan-
nou-Ralli; Koliou, A.; Akkelidou, D. Surveillance and control
of aflatoxin B1, B2, G1, G2 and M1 in foodstuffs in the
Republic of Cyprus. J. AOAC Int. 1999, 82,883-892.

(15) Siame, B. A.; Mpuchane, S. F.; Gashe, B. A.; Allotey, J.;
Teffera, G. Occurrence of aflatoxins, fumonisin B1 and zear-
alenone in foods and feeds in Botswana. J. Food Prot. 1998, 61,
1670–1673.

(16) Commission Directive 2003/121/EC. Amending Directive 98/
53/EC laying down the sampling methods and the methods of
analysis for the official control of the levels for certain con-
taminants in foodstuffs. Off. J. Eur. Union 2003, 332, 38-40.

(17) Maroto, A.; Ricard Boqu�e, R.; Riu, J.; Ruis�anchez, I.; �Odena,
M. Uncertainty in aflatoxin B1 analysis using information
from proficiency tests. Anal. Bioanal. Chem. 2005, 382,
1562–1566.

Received for Review January 3, 2009. Revised manuscript receivedMarch

11, 2009. Accepted March 11, 2009. This study was financially supported

by both theMinistry of Science andTechnology of the People’s Republic of

China (Contract 2007AA10Z423) and the National Natural Science

Foundation of China (Contract 30671751).

Table 2. Distribution of Aflatoxins in Sesame Paste from Different Sources

range

(μg/kg)
average

(μg/kg)
median

(μg/kg)
no. of samples

with AFB1 g

no. of samples

with AFs g

source no. of samples no. of positives positive % AFB1 AFs AFB1 AFs AFB1 AFs 5 μg/kga 2 μg/kgb 4 μg/kgb

restaurant (in bulk) 26 8 30.77 0.9-1.78 1-2.18 1.29 1.51 1.31 1.46 0 0 0

free market (in bulk) 15 7 46.67 0.86-14.56 1.1-40.49 5.32 12.24 1.46 2.3 2 (2.31-2.91) 2 (5.78-7.28) 2 (4.81-10.12)

supermarket (bottling) 59 22 37.29 0.39-20.45 0.54-56.89 5.73 9.44 1.93 2.56 5 (2.51-4.09) 10 (1.03-10.23) 7 (1.08-14.22)

aChinese regulation. b European regulations. Range of multiples exceeding the tolerance limit are shown in parentheses.
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