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ABSTRACT

Mycotoxins are toxic food contaminants that are naturally produced by certain fungi. They
induce negative effects on human health by making food unsafe for consumption. In this
study, analyses were performed to determine the levels and incidence of aflatoxins (AFs) in
peanut products, tree nuts, spices, and Coix seeds; ochratoxin A (OTA) in wheat and roasted
coffee, as well as OTA and AFs in rice; and citrinin (CIT) in red yeast rice (RYR) products. A
total of 712 samples from nine different food categories were collected between 2012 and
2013. The samples were analyzed over 2 years for AFs, OTA, and CIT by methods recom-
mended by the Ministry of Health and Welfare. These official analytical methods were
extensively validated in-house and through interlaboratory trials. The analytical values of
suspected contaminated specimens were confirmed by liquid chromatography — tandem
mass spectrometry analysis to identify the specific mycotoxin present in the sample. We
show that 689 samples (96.8%) complied with the regulations set by the Ministry of Health
and Welfare. AFs were found in four peanut-candy products, one peanut-flour product, one
pistachio product, one Sichuan-pepper product, and one Coix seed product. All had
exceeded the maximum levels of 15 parts per billion for peanut and 10 parts per billion for
other food products. Furthermore, 14 RYR samples contained CIT above 5 parts per million,
and one RYR tablet exceeded the maximum amount allowed. Instances of AFs in sub-
standard Sichuan pepper and Coix seeds were first detected in Taiwan. Measures were
taken by the relevant authorities to remove substandard products from the market in order
to decrease consumer exposure to mycotoxin. Border control measures were applied to
importing food commodities with a higher risk of mycotoxin contamination, such as
peanut, Sichuan pepper, and RYR products. Declining trends were observed in the
noncompliance rate of AFs in peanut products, as well as that of CIT in RYR raw materials
monitored from 2010 to 2013.
Copyright © 2015, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Mycotoxins are toxic metabolites produced by fungi. They are
mostly found as natural contaminants of food products sold
by supermarket chains and grocery markets, and are detri-
mental to human health [1,2]. Currently, more than 400
different types of mycotoxins have been identified. However,
the most significant type presenting strong public-health
concerns is aflatoxin (AF), followed by ochratoxin A (OTA),
and other Fusarium toxins [3]. The occurrence of mycotoxins
in food often corresponds to a geographical pattern. World-
wide food trading results in worldwide distribution of
contaminated materials [4].

Aspergillus parasiticus and Aspergillus flavus represent the
major proportion of AFs found in peanuts, nuts, seeds, spices,
and various other crops and food products. Both of them
contain AF-producing gene clusters. A. parasiticus produces
AFB,, AFB,, AFG4, and AFG,. However, A. flavus only produces
AFB; and AFB, [5,6]. AF production was observed in A. para-
siticus, grown on media with glucose or lactose as the sole
carbon source [7,8]. AF production was enhanced in the
presence of sugar and unsaturated fatty acids in media [7,9].
AFB; is one of the most potent natural carcinogens known
[10]. Regardless of the ingested dose level, its cumulative ef-
fect is to increase cancer risk and heighten the probability of
liver cancer in patients suffering from hepatitis B or hepatitis
C. Interestingly, children display the greatest susceptibility to
AFs [11]. The International Agency for Research on Cancer
(IARC) classified AFs as a group 1 human carcinogen [10]. The
CODEX Alimentarius Commission (CAC) recommended that
intake should be reduced to levels as low as reasonably
possible for AF B, G, and M [12].

OTA is a common contaminant of grain storage in
temperate regions. The gene clusters responsible for the
biosynthesis of OTA have been identified in Aspergillus and
Penicillium genera [13]. The presence of OTA has also been
reported in food categories, such as rice, wheat, coffee, dried
fruit, and spices. OTA exhibits nephrotoxic, carcinogenic, and
immunotoxic properties. Its main target is the renal proximal
tubule, where it exerts cytotoxic and carcinogenic effects [14].
The IARC classified OTA as class 2B, indicating that it is a
possible human carcinogen [15]. OTA has a half-life of up to
840 hours in the human bloodstream with cumulative effect
in vivo [11]. The CAC set a provisional tolerable weekly intake
(PTWI) of 0.0001 mg/kg body weight (BW) [12].

Red yeast rice (RYR) made from Monascus-fermented
cooked rice is a traditional cuisine in Taiwan, and is often used
as food coloring and preservative. The lactone form of mon-
acolin K produced by Monascus purpureus, also known as
lovastatin, has an inhibitory effect on cholesterol synthesis
[16]. Since lovastatin became a patented prescription drug,
monacolin K-containing Monascus products can only be used
as food or nonprescription dietary supplements [17]. However,
some strains of Monascus contain gene clusters responsible for
the biosynthesis of monacolin K and citrinin (CIT) [18,19]. The
toxicological effects of such strains have been shown to arise
through interference with mitochondrial electron transport
and calcium homeostasis, leading to kidney swelling or ne-
crosis in animal studies [20,21]. The IARC has designated CIT

as group 3, indicating that it is not classifiable as a human
carcinogen [22]. In a 90-day study, the nonobservable adverse
effect level of CIT was determined to be 20 pg/kg of BW/day in
rats [23]. The European Union (EU) recommended the level of
no concern of nephrotoxicity as 0.2 pg/kg of BW/day [17].

Mycotoxin legal limits were established in several coun-
tries and international organizations worldwide, specifying
the maximum limits for mycotoxins [12,24—27]. Taiwan set a
total AF limit of 15 parts per billion (ppb) for peanut and maize,
and 10 ppb for other foods. The EU set the lowest limits at
4 ppb for total AFs and 2 ppb for AFB;. However, the United
States regulates all foods at 20 ppb for AFs. CAC provisions
stipulate 10 ppb for ready-to-eat nuts and 15 ppb for peanuts
and nuts intended for further processing. For OTA, the limits
were set at 5 ppb for coffee and wheat and rice categories,
which is similar to the EU. As for CIT content requirements,
RYR pigments, raw RYR, and RYR-based foods had limits set at
200 ppb, 5 parts per million (ppm), and 2 ppm, respectively, or
below (Table 1).

It is difficult to remove mycotoxins from food products
once contaminated. Previous studies have demonstrated
higher incidences of AF contamination in peanuts, nuts, and
spices, as well as CIT in RYR products [28,29]. In Taiwan, rice
and wheat flour are staple foods, and the consumption of
coffee has increased in the last decade. In order to protect the
consumer's food safety, a market-monitoring plan was
designed to investigate the levels of AFs in peanuts, nuts, and
spices; OTA in coffee and wheat products; AFs and OTA in
rice-based products; and CIT in RYR-based products. The re-
sults of this investigation will provide health authorities with
an assessment of mycotoxin contamination in circulating
foods in domestic markets, and serve as a reference for food
management.

2. Methods
2.1. Samples

A total of 712 samples, including peanut products, nuts, dried
fruit, wheat and rice products, Coix seeds, coffee, and RYR
products, were collected from supermarkets, traditional
markets, and grain dealers by 22 local health bureaus within
their jurisdictions, between March 2012 and September 2013.
The samples were sent to the laboratory, where they were
grounded with a grinding mill (ZM 200; Retsch, Haan, Ger-
many) and stored at 4°C prior to further analysis. For capsule-
supplement samples, the capsule walls were removed before
testing.

2.2. Chemicals

The AFB,, AFB,, AFG,, AFG,, and OTA standards were pur-
chased from Supelco (St. Louis, MO, USA). The CIT standards
were purchased from Fermentek (Jerusalem, Israel). The
AflaTest-P and OchraTest columns were both purchased from
Waters (Milford, MA, USA). Mass spectrometry (MS) grade
methanol and acetonitrile were purchased from J.T. Baker
(Center Valley, PA, USA). Sodium bicarbonate, sodium chloride,
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anhydrous disodium hydrogen phosphate, potassium dihy-
drogen phosphate, potassium chloride, sodium carbonate,
formic acid, and hydrochloric acid were purchased from Merck
(Darmstadt, Germany). Advantec filter papers of 150 mm in
diameter were purchased from Toyo Roshi Kaisha (Tokyo,
Japan). Syringe filters with a pore size of 0.22 pm (nylon, 47 mm)
were purchased from ChromTech (Johannesburg, South Af-
rica). AKRC 25-25 photoderivatization kit was purchased from
Aura (New York, NY, USA), and the water-purification system
was purchased from ELGA (Lowell, MA, USA).

Year of announcement
2013
2006
2013
2010

2.3. Extraction of samples

The protocols for testing for AFs, OTA, and CIT in different
food categories were performed according to official testing
methods as described previously [28—30]. About 25 g of peanut
samples was extracted with 5 g of sodium chloride and 125 mL
of 60% methanol solution, and homogenized with a homoge-
nizer (Nihon Seiki, Tokyo, Japan) at 15,000 rpm for 2 minutes.
About 50 g of grain sample was homogenized with 5 g of so-
dium chloride and 100 mL of 80% methanol solution. The
homogeneous mixture was filtered with filter paper, and then
20 mL of peanut filtrate or 10 mL of grain filtrate was diluted
with 20 mL or 40 mL of deionized water, respectively, and
filtered using a glass wool filter. Next, 10 mL of filtrate was
passed through an AflaTest column and washed twice with
10 mL of deionized water. AFs were eluted from the column
with 1 mL of methanol. Deionized water was added to the
eluate to bring the volume to 2 mL. It was then filtered using a
0.22 um syringe filter and collected in a brown glass tube.
About 5 g of ground coffee was placed into a 50 mL centrifuge
tube, and to which 25 mL of coffee-extraction solution was
added. This mixture was shaken for 3 minutes, and then
centrifuged at 25009 for 10 minutes. The supernatant was
filtered through a filter paper. The filtrate (2 mL) was added to
48 mL of phosphate-buffered solution and filtered through a
glass wool filter. For rice and wheat specimens, 25 g of sample
was added to 100 mL of grain-extraction solution and shaken
for 3 minutes, and then centrifuged at 2500g for 10 minutes.
The supernatant was filtered through a filter paper, and 4 mL
of filtrate was mixed with 44 mL of phosphate-buffered solu-
tion, and filtered through a glass wool filter. Then, 25 mL of
coffee filtrate (equivalent to 0.2 g of specimen) or all of the
grain filtrate was passed through the OchraTest column,
washed twice with 10 mL of deionized water, and then eluted
with 2 mL of methanol with a flow rate of 1 drop/s. The eluate
was evaporated at 40°C with nitrogen until dryness was ach-
ieved. The residue was reconstituted in 50% acetonitrile so-
lution at a volume of 1 mL, and then filtered using a 0.22 um
syringe filter. The filtrate was then used for analysis. About1 g
of ground RYR sample was added to 20 mL of methanol, and
shaken for 1 minute. The mixture was then placed in a 70°C
water bath for 30 minutes, and was then allowed to cool at
room temperature. The supernatant was collected and filtered
using a 0.22 um syringe filter, and then used for analysis.

Food commodities
All products derived from unprocessed cereals intended for direct human consumption

Roasted coffee beans and ground roasted coffee

All foods

Pistachios and almonds intended for direct human consumption
All foods

Capsicum spp.
Pistachios and almonds intended for direct human consumption

Capsicum spp.
All cereals and all products derived from cereals

Peanuts intended for direct human consumption
All cereals and all products derived from cereals
Peanuts intended for direct human consumption

Peanuts and pistachios (ready to eat)

Raw wheat, barley, and rye

4.0
2.0
8.0
5.0
2.0
3.0
5.0

20
10.0

10
10
4.0
European Commission.

Maximum limits (ug/kg)

Mycotoxins
Total aflatoxins
Ochratoxin A
Total aflatoxins
Aflatoxin B,
Ochratoxin A
Total aflatoxins
Total aflatoxins

CODEX Alimentarius Commission; EC

2.4. High-performance-liquid-chromatography analysis

The high-performance-liquid-chromatography (HPLC) system
used in this study was a Hitachi L-2300 series (Schaumburg, IL,
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USA) equipped with a fluorescence detector. A 50 pL aliquot of
the AF test solution was used for precolumn photo-
derivatization in a photochemical reactor, and then separated
by a Cosmosil C18-AR column (5 pm, 4.6 mm x 250 mm)
(NACALAI TESQUE, ING, Japan). The mobile phase consisted of
methanol/water [45/55, volume/volume (v/v) %] at a flow rate
of 1 mL/minute. AFs were detected using the fluorescence
detector at an excitation wavelength (Ex) of 360 nm and
emission wavelength (Em) of 440 nm. OTA was analyzed using
a mobile phase of deionized water, acetonitrile, and acetic-
acid solution at a 99:99:2 ratio (v/v), respectively, and a flow
rate of 1 mL/min. The injection volume was 100 pL. OTA was
separated by a reversed-phase C18 column (5 pm, inner
diameter of 4.6 mm x 25 cm). The Ex was set at 333 nm and the
Em at 460 nm. A 20 pL aliquot of the CIT test solution was
injected into the HPLC system. The mobile phase consisted of
acetonitrile, deionized water, and formic acid at a 49:49:2 ratio
(v/v), respectively, and a flow rate of 1 mL/minute. The chro-
matographic column was Atlantis T3 (Waters) (5 um, inner
diameter of 4.6 mm x 25 cm). The Ex was set at 330 nm and the
Em at 500 nm.

2.5. Quality assurance

The testing methods were validated in accordance with the
guidelines of the validation for testing methods in food
chemistry [31], and included linearity of calibration curve,
limit of quantification (LOQ), accuracy, and precision. In
validating the linear calibration curve, the AFB; and AFG;
standards were prepared in the range of 0.2—50 ng/mL, the
AFB, and AFG, standards were 0.1-15 ng/mL, while the OTA
standard was diluted to 0.3-50 ng/mL. Each standard
calibration-curve plot consisted of 6 points. The relative co-
efficient (r) was expected to be greater than 0.99 for standard
curve validation. The CIT standard was spiked into blank RYR
samples in the range of 0.0025—0.5 png/mL. The r value of the
CIT calibration curve was also expected to be greater than 0.99
for curve validation. LOQ was validated by spiking at the level
of detection limits described in the official testing methods
into blank specimens. The recommended procedures for
extraction were followed and samples were analyzed in trip-
licate. An acceptable resulting signal/noise ratio was desig-
nated as greater than 10. The accuracy and precision were
assessed by spiking the AF, OTA, and CIT standards at the
levels of 1, 2, and 10 folds, respectively, of the detection limits
of each official testing method in blank food samples. The
samples were analyzed in five replicates, and the recom-
mended procedures for extraction and HPLC analysis were
performed. The recovery and coefficient of variation (%CV)
were expected to be consistent with the published guidelines
[31]. Furthermore, we evaluated the results of the interna-
tional proficiency tests for satisfactory conformance to the
recommendations.

2.6. Liquid chromatography/mass spectrometry/mass
spectrometry analysis

Substandard specimens were confirmed by liquid chroma-
tography/mass spectrometry/mass spectrometry (LC/MS/MS)
analysis, which was performed on a Xevo TQ system (Waters)

equipped with Acquity LC pump (Waters), autosampler, and
an electrospray ionization (ESI) interface. Data acquisition
was performed using the MassLynx version 4.1 software
(Waters). Chromatographic separation was achieved using a
UPLC BEH C18 column (1.7 um, 2.1 mm x 100 mm, Waters).
The injection volume was 10 uL, and the mobile phase was
composed of A solution (0.5% formic acid in deionized water)
and B solution (0.5% formic acid in methanol) at a flow rate of
0.3 mL/min. The solvent gradient was as follows: 0 minutes,
95% A; 0—5 minutes, 95—15% A; 5—5.8 minutes, 15—0% A; 5.8—7
minutes, 0% A; 7—7.1 minutes, 0—95% A; 7.1—-9 minutes, 95% A.
The ESI interface was operated in the positive-ion mode. The
parameters for ESI operation were as follows: capillary
voltage, 3.4 KV; ion-source temperature, 150°C; desolvation
temperature, 500°C; desolvation gas flow, 1000 L/h. The
quantitative and confirmative determination of AFs, OTA, and
CIT was applied in the multiple-reaction-monitoring mode.
Each toxin transition ion pair for AFB; was m/z 313 — 245 and
m/z 313 — 285, AFB,: m/z 315 — 287 and m/z 315 — 259, AFG,:
m/z 329 — 200 and m/z 329 — 243, AFG,: m/z 331 — 189 and m/
z 331 — 313, OTA: m/z 404 — 239 and m/z 404 — 102, and CIT:
m/z 251 — 233 and m/z 251 — 205.

2.7. Data analysis

The AF, OTA, and CIT concentrations from the HPLC and LC/
MS/MS analyses were determined using the EZChrom Elite
software version 3.17 (Hitachi Co., Tokyo, Japan) and Mas-
sLynx software version 4.1, respectively. The data were
exported to Microsoft Excel 2010 (Microsoft Co., Redmond,
WA, USA) to calculate the mean, standard deviation, and %CV.

3. Results
3.1. Method performance

The LOQ for each mycotoxin was determined. The LOQ for
AFB; and AFG; in peanuts was 0.2 pg/kg, the AFB, and AFG, in
peanuts was 0.1 ng/kg, the OTA in rice was 0.3 pg/kg, the OTA
in coffee was 0.5 pg/kg, and the CIT in RYR was 0.05 ng/kg.
Good linearity (r > 0.995) was observed in AFB;
(0.2-50 ng/mL), AFB, (0.1—15 ng/mL), AFG, (0.2—50 ng/mL),
AFG, (0.1-15 ng/ml), OTA (0.3-50 ng/mlL), and CIT
(0.025—5.0 pg/mL). Table 2 shows the validation results of the
testing methods for quantification of AFs, OTA, and CIT. Re-
coveries were ascertained by spiking 0.4, 1, and 2 pg/kg of
AFB;; AFG;: 0.2, 0.5, and 1 pg/kg of AFB,; and AFG,: 0.6, 1.5, and
3 pg/kg of OTA in blank, peanut, and coffee samples,
respectively. Recoveries of AFB,, AFG,, AFB,, and AFG, from
the peanut matrix ranged from 75.1% to 91.8%, with %CV
between 3.37% and 7.93%. OTA recovery in coffee ranged
between 78.2% and 81.9% with %CV at 2.63—4.91%. CIT re-
covery in RYR was 92.6—94.6% with %CV at 3.37—4.50%. These
results are in line with food guidelines. The testing perfor-
mance of the laboratory was verified by participating in a
proficiency test of AFs in peanut flour (number 04211) and
OTA in coffee powder (number 17119) under the Food Anal-
ysis Performance Assessment Scheme. Our obtained z scores


http://dx.doi.org/10.1016/j.jfda.2015.06.002
http://dx.doi.org/10.1016/j.jfda.2015.06.002

JOURNAL OF FOOD AND DRUG ANALYSIS 24 (2016) 147—156 151

Table 2 — Validation of the analytical methods used for determining the levels of aflatoxins, ochratoxin A, and citrinin in

various foods.

Product Mycotoxins Spiking levels (ug/kg) Recovery % (n = 5) Repeatability (n = 5)
Average Requirement (%)* %CV Requirement (%)®
Peanut candy Aflatoxin B, 0.2 89.5 +4.1 50-125 4.63 <35
0.4 90.2 +5.2 50-125 4.50 <35
2 88.5 +5.5 60—125 6.23 <30
Aflatoxin B, 0.1 90.5+7.4 50-125 8.15 <35
0.2 88.3 +5.5 50-125 6.23 <35
1 91.8 +5.0 60—125 5.47 <30
Aflatoxin Gy 0.2 84.4 +4.7 50—125 6.81 <35
0.4 87.6 +4.4 50-125 7.93 <35
2 86.3 +5.0 60—125 7.42 <30
Aflatoxin G, 0.1 751+ 4.3 50-125 4.34 <35
0.2 77.9 £5.3 50-125 6.61 <35
1 76.8 + 6.4 60—125 6.03 <30
Coffee Ochratoxin A 0.5 782 +5.1 50—-125 4.09 <35
1 81.1+4.3 60—125 2.63 <30
5 81.9 + 3.7 60—125 491 <30
Red yeast rice Citrinin 50 92.6 +4.7 70-120 3.54 <20
100 93.4 + 4.6 70-120 4.50 <15
500 94.6 + 3.2 70-120 3.37 <15

%CV = coefficient of variation.

& The validation guidelines for testing methods in food chemistry set by the Taiwan Food and Drug Administration.

for AFB,, AFB,, AFG,, AFG,, total AF, and OTA were all within
the satisfactory limits.

3.2.  Monitoring results

In this study, a total of 712 specimens were collected, and the
recommended methods for testing AFs, OTA, and CIT were
applied. Of these samples, 689 (96.8%) were qualifying sam-
ples and 23 were substandard specimens, as determined by
the LC/MS/MS analysis. Eight samples had AF contamination
levels that exceeded the regulatory limits, while 15 cases had
CIT contamination that exceeded limits.

The incidence and occurrence levels of AFs are shown in
Table 3. The results demonstrated that 25.5% of the samples,
including peanut products, tree nuts, spices, Coix seeds, and
raisins, were positive for AFs. However, no AF contamination
was detected in rice. Foods having a higher incidence of AF
contamination included Sichuan pepper (100%), peanut butter
(60%), peanut flour (43.5%), Coix seeds (33.3%), and peanut
candy (24.4%). Four peanut-candy cases (3.2%) and one
peanut-flour case (6.2%) contained AF contamination that
exceeded the limit for AFs in peanuts. Furthermore, there was
one case (5.5%) of red Coix seeds, one case (20%) of Sichuan
pepper, and one case (10%) of pistachios exceeding the AF
limits for other foods (10 ppb). The highest AF contamination
levels were found in pistachios at 245.6 ppb and peanut candy
at 117 ppb. Among the substandard products, the incidence of
AFB; was the highest, followed by AFB,. There were two cases
of substandard peanut candy, pistachios, Sichuan pepper, and
Coix seeds that were only contaminated with the B-type AF,
while there were two cases of peanut candy contaminated
with type B and type G, but only with AFG, and not AFG,
(Table 4). These results suggest that peanut candy bore the
highest risk of AF contamination, followed by peanut flour,
pistachios, Sichuan pepper, and Coix seeds.

OTA and AFs were concurrently analyzed in 20 rice-
product samples. There were no detectable levels in the rice
products (Table 3). Two (10%) oat-product cases were found to
be OTA positive (Table 5). In 28 cases of roasted coffee beans,
no instance of OTA was detected. However, in 32 cases of
ground coffee, three cases (9.4%) contained OTA (Table 5) with
a range of 0.8—2.1 ppb, and the average contamination level
was 1.47 ppb.

Out of a total of 206 RYR product samples, there was a CIT-
positive rate of 27.2%. In 15 of these cases (7.3%), the CIT
contamination levels exceeded the maximum limits (Table 6).
Higher incidences of CIT contamination were found in RYR
raw material at 63.6% and RYR supplement at 24.1%. For the
RYR raw material, there were 14 cases (42.4%) exhibiting CIT
contamination levels exceeding the maximum limit of 5 ppm,
and one case (1.7%) of RYR supplement showing a CIT
contamination level exceeding the maximum limit of 2 ppm.
The average CIT contamination levels were 13.0 mg/kg in RYR
raw materials, 0.63 mg/kg in RYR dietary supplements, and
0.59 mg/kg for processed foods containing RYR raw materials.
The highest level of CIT contamination was found in RYR raw
materials at a level of 63.4 mg/kg, and 4.9 mg/kg for RYR
tablets.

4, Discussion

Fig. 1 shows the results of AF contamination in peanut prod-
ucts in Taiwan from 2010 to 2013 [28]. The AF-positive rate and
noncompliance rate for peanuts dropped in 2011, from 47.5%
and 9.2% to 36.6% and 1.6%, respectively, in 2013. In our
analysis, there was a single instance of noncompliant pista-
chios (2.5%). Furthermore, this study represents the first offi-
cial detection of AF contamination in Coix seeds and Sichuan
pepper in the market with corresponding failure rates of 5.5%
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Table 3 — Incidence and occurrence levels of total aflatoxins in various foods in Taiwan from 2012 to 2013.

Sample Year No. of samples  No. of positive Mean concentration No. of substandard
samples (%) of positive samples samples (%)
(range of concentration)
Whole peanut 2012 23 2(8.7) 1.5 (0.3-2.7) 0
2013 12 <LOQ 0
Total 35 2(5.7) 1.5 (0.3-2.7) 0
Peanut butter 2012 14 11 (78.6) 1.9 (0.2-3.5) 0
2013 16 7 (43.8) 2.8 (0.3-5.6) 0
Total 30 18 (60.0) 2.2 (0.2-5.6) 0
Peanut candy 2012 44 10 (22.7) 18.4 (0.3—117) 2 (4.5)
2013 79 20 (25.3) 6.0 (0.2—40.5) 2(2.5)
Total 123 30 (24.4) 12.2 (0.2-117) 4(32)
Peanut flour 2012 30 12 (40.0) 2.9 (0.2-8.2) 0
2013 16 8 (50.0) 6.1 (0.2—31.6) 1(6.2)
Total 46 20 (43.5) 4.3 (0.2—31.6) 1(2.2)
Overall total of peanut products 234 72 (30.8) 7.76 (0.2—117) 5(2.1)
Nuts 2012 40 6 (15) 41.3 (0.2—245.6) 1(2.5)
2013 16 1(6.2) 0.2 0
Total 56 (12.5%) 35.4 (0.2—245.6) 1(1.8)
Spices 2012 30 (30.0) 3.3 (0.2-23.5) 1(3.3)
Coix seeds 2013 18 (33.3) 4.3 (0.5-15.7) 1 (5.5)
Dried fruit 2013 14 (7.1) 0.1 0
Rice 2013 20° <LOQ 0
Overall total of samples 372 95 (25.5) 9.07 (0.1—245.6) 8(2.2)

AF = aflatoxin; LOQ = limit of quantification; OTA = ochratoxin A.
& AFs and OTA were concurrently analyzed in 20 rice specimens.

Table 4 — The level of aflatoxin contamination and origin of substandard products in Taiwan from 2012 to 2013.

Year Product Level of contamination (ng/kg) Maximum level of total AFs (ng/kg) Origin
AFB, AFB, AFGq AFG, Total

2012 Peanut candy 35.2 7.0 <LOQ 0.8 42.2 15 Vietnam
Peanut candy 89.3 24.5 <LOQ 2.8 117 15 Taiwan
Pistachio 233.6 12.0 <LOQ <LOQ 245.6 10 Iran
Sichuan pepper 20.2 3.3 <LOQ <LOQ 23.5 10 China

2013 Peanut candy 35.0 5.4 <LOQ <LOQ 40.4 15 Vietnam
Peanut candy 34.0 6.5 <LOQ <L0Q 40.5 15 Vietnam
Peanut flour 26.4 5.2 <LOQ <LOQ 31.6 15 Taiwan
Coix seeds 14.3 0.9 <LOQ <L0Q 15.2 10 Thailand

AF = aflatoxin; LOQ = limit of quantification.

and 20%, respectively. Similar results were reported in a study
conducted in Japan from 1982 to 1996 [32]. The author reported
AF failure rates in peanut products, pistachios, and Coix seeds
of 7.6%, 1.9% and 0.5%, respectively, with the highest con-
centration detected in pistachios at 1382 ppb. Of the eight
substandard products contaminated with AFs, two peanut-
product cases came from domestic manufacturers, three
peanut cases were imported from Vietnam, pistachios were
from Iran, Sichuan peppers were from China, and Coix seeds
were from Thailand (Table 4). The health authorities in
Taiwan ordered food businesses involved in the production of
these substandard products to recall and destroy these prod-
ucts in accordance with their supervisory authorities under
the law. The domestic manufacturers were ordered to make
corrections to their production procedures and product-
quality management. Follow-up sampling and testing were
conducted by health authorities to confirm the completeness

of their corrections. Actions were taken by the boundary
control unit to raise the border batch-sampling probability on
liability companies that import substandard products. AF
contamination of peanuts and corn from countries in South
and Southeast Asia has long since been a big concern [1,33]. In
2013, the batch-sampling probability of peanut products im-
ported from Vietnam, Malaysia, the Philippines, Myanmar,
Indonesia, and India increased to 20%, and 50% for peanut
candy and Sichuan pepper. Since Iran's food authorities took
measures to reinforce sampling and testing at pistachio farms
and the stage prior to export, the number of failed batches
exported to the EU dropped from 457 batches in 2005 to 38 in
2011 [34]. Taiwan designates Coix seeds and Sichuan pepper as
traditional Chinese medicine to be used as food. AF contam-
ination of these products is highly regulated and should be
consistent with the maximum limits set for foods. Thailand is
the main source of Coix-seed importation. In 2006—2011, the


http://dx.doi.org/10.1016/j.jfda.2015.06.002
http://dx.doi.org/10.1016/j.jfda.2015.06.002

JOURNAL OF FOOD AND DRUG ANALYSIS 24 (2016) 147—156

153

Table 5 — Incidence and levels of ochratoxin A contamination in various commercial cereals and coffee products in Taiwan

from 2012 to 2013.

Sample No. of samples No. of positive Mean of positive samples No. of substandard
samples (%) (range, ng/g) samples (%)
Rice 45 0 <LOQ 0
Oat 20 2 (10.0) 2.95 (2.9—3.0) 0
Wheat and their products 29 0 <L0OQ 0
Roasted coffee bean 28 0 <L0OQ 0
Coffee powder 32 3(9.4) 1.47 (0.8—-2.1) 0
Total 154 5(3.2) 2.06 (0.8—3.0) 0

LOQ = limit of quantification.

Table 6 — Incidence and levels of citrinin contamination in various commercial Monascus products in Taiwan in 2012—2013.

Product Year No. of samples  No. of CIT-positive = Mean concentration® No. of substandard
samples (%) (range, mg/kg) samples (%)
Imported Domestic

Red yeast rice (raw material) 2012 18 14.0 (1.45—31.43) 7 (38.9) 3 (16.7)

2013 15 60.0) 11.7 (1.9-63.4) 1(6.7) 3 (20)
Total 33 63.6) 13.0 (1.45—63.4) 8 (24.2) 6 (18.2)
Dietary supplements 2012 28 28.6) 0.42 (0.07—1.66) 0 0

2013 30 20.0) 0.91 (0.07—4.9) 0 1(3.3)
Total 58 24.1) 0.63 (0.07—4.9) 0 1(1.7)
Processed products 2012 38 23.7) 0.48 (0.08—1.29) 0 0

2013 77 15.6) 0. 34 (0.07-1.27) 0 0
Total 115 22.1) 4 (0.07-1.29) 0 0
Overall total 206 27.2) 5, 08 (0.07—63.4) 8 (3.9) 7 (3.4)

CIT = citrinin.
# Average contaminated levels of positive samples.

C—No. of peanut samples
% of Afs-positve peanut samples

=% of noncompliant peanut products

" 250 60.0%
30 194
s 47.5%
E 150 141 111 0 | 123366% | 4009
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E&_ 100 20.0%
w 50 9.2%
N i b n.8% 1‘f%
Z° 0 = A 0.0%

2010 2011 2012 2013

Year

Fig. 1 — The overall results of aflatoxin contamination in
peanut products in Taiwan from 2010 to 2013.
AF = aflatoxin.

average AF contamination level of Coix seeds in Thailand was
12.12 ppb, with the highest level at 95.9 ppb [33]. In Taiwan,
9.1% of Coix seeds designated for medicinal use were
contaminated with AFs, with one sample having a level above
10 ppb [35]. Given the wide variety of food categories that are
susceptible to AF contamination, active risk-management
measures can help to reduce the failure rate of AFs on
commercially available food. Additionally, market monitoring
must be sustained.

Rice constitutes a staple food in Taiwan. A previous study
indicated that among domestic commercially available rice,

there were no detectable levels of AFs and OTA [36]. However,
a study conducted in Thailand, a major rice exporter, indi-
cated the average AF contamination level was 3.01 pg/kg in
Thai rice with a range of 0.8—12.6 pg/g [33]. In Taiwan, most of
the wheat products and related raw materials are imported
from abroad. In this study, two cases (10%) of oat samples
were OTA positive. The European Food Safety Authority con-
ducted a large-scale study in 2007—2012, and reported that
cereals and cereal processed products exhibited AF-positive
rates of 3.4% and 10%, respectively [37]. The incidence of
OTA contamination was 30% and 28% in oats and wheat,
respectively, for EU member states, with average contamina-
tion levels at 0.192 ng/kg and 0.269 pg/kg, respectively [38]. The
importation of rice and wheat from countries with a higher
incidence of AF and OTA contamination may result in the
circulation of contaminated materials in the domestic market.
Therefore, AF and OTA contamination in wheat and rice must
still be monitored.

In a study conducted in 2004, no OTA-positive samples
were found in roasted coffee beans collected in Taiwan, while
ground coffee had a positive rate of 25% [36]. An EU study [37]
reported OTA-positive rates of up to 36% and 46% for green
coffee beans and roasted coffee products, respectively, among
member states, with average contamination levels of 3.641 pg/
kg and 1.092 pg/kg, respectively. OTA is a moderate heat-
stable chemical. Light roasting causes reductions in OTA of
0—80%. Dark roasting may cause reductions of more than 90%
[11]. Taiwan increased its import of coffee beans from 8680
tons in 2003 to 21,800 tons in 2013, while domestic production


http://dx.doi.org/10.1016/j.jfda.2015.06.002
http://dx.doi.org/10.1016/j.jfda.2015.06.002

154 JOURNAL OF FOOD AND DRUG ANALYSIS 24 (2016) 147—156

[——JNo. of RYR raw materials
% of CIT-positive RYR raw materials
=% of non-compliant RYR raw materials

20 100.0%

15

10 50.0%

No. of RYR raw materials

0.0%

2010 2011 2012 2013

Year

Fig. 2 — The overall results of citrinin contamination in red-
yeast-rice raw materials in Taiwan from 2010 to 2013.
CIT = citrinin; RYR = red yeast rice.

was only about 800 tons. This rapid increase in coffee con-
sumption demonstrates the need for continuous monitoring
of OTA contamination in coffee products.

In 2009, 32 (62.7%) out of 51 samples of RYR raw materials
collected from markets and ports were contaminated with
CIT, and 23 samples (45.1%) contained CIT levels exceeding
5 ppm [39]. A similar result was found in a survey conducted
in China. The study reported that 90% of Chinese RYR prod-
ucts were contaminated with CIT, with contamination levels
in the range of 18.2—5253 pg/kg [40]. Considering the neph-
rotoxicity and high incidence of CIT contamination in RYR,
the authority of boundary inspection has inspected each
batch of RYR coming from the mainland of China since
August 5, 2009. On December 4 of the same year, the CIT
maximum limits were announced in Taiwan (Table 1). Up to
20 out of 26 substandard samples in 2011-2012 were traced
to be imported from foreign countries, and were registered as
“not to be used as food.” On September 1, 2012, Taiwan
changed the import provisions for RYR raw materials from an
F02 classification, which states that input goods, such as for
food purposes, shall apply to the Taiwan Food and Drug
Administration for import inspection, to an FO1 classification,
in which RYR raw materials under the product description
should directly be handled upon import for food inspection.
Fig. 2 shows the results of the market monitoring conducted
after the legal CIT maximum limits were announced. In 2011,
there were 10 cases (64.7%) of substandard RYR raw materials
and 10 cases (55.6%) in 2012, but these then decreased to four
cases (26.7%) in 2013, out of which there was only one RYR-
related product from China, which was imported before the
implementation of batch inspections. Boundary control
measures effectively blocked substandard RYR from entering
the domestic market. Most instances of domestic substand-
ard RYR were manufactured by small-scale food manufac-
turers, and these industry participants were unable to
undertake the selection of low-CIT-yielding strains and
optimization of fermentation conditions. Aside from the
continued implementation of border controls and market
monitoring, guidelines should also be created to inform small
food manufacturers of how to carefully select low-CIT-
producing Monascus strains, optimize their fermentation

parameters, and implement self-management, in order to
reduce the high noncompliance rate among RYR products in
Taiwan.

In Taiwan, the average daily domestic individual intake of
peanuts and nuts is 4.17 g for males and 3.04 g for females [41],
and the average BWs are 69 kg and 56.6 kg, respectively [42].
The probable mean daily intake (PDIy) values of AFs of 0.47 ng/
kg for men and 0.42 pg for women were calculated using the
mean average concentration (9.07 ng/kg) of all AF-positive
samples and the aforementioned data. The estimated PDIy
in the present study is lower than the PDIy values reported
previously in the literature [33,43,44].

Among roasted-coffee products, this survey detected a
maximum OTA level of 2.1 pg/kg. To attain the CODEX-
specified PTWI value of 100 ng/kg BW/wk for OTA [14], men
and women would need to consume the equivalent of 469 g
and 385 g of coffee per day, respectively. Considering that 12 g
of coffee is in a commercially available 150 mL cup of coffee,
men and women would therefore have to drink 39 cups and 32
cups per day, respectively. Among the oat products, a
maximum OTA level of 3.0 ug/kg was detected. To attain the
PTWI value, men and women would need to consume the
equivalent of 328 g and 270 g, respectively, of oat products per
day. These results demonstrate that the risk was low
regarding any OTA-related detrimental effects from drinking
coffee or ingestion of oatmeal in Taiwan.

The market-monitoring program presented in this study
evaluated 712 food products, and found that 689 test results
(96.8%) were in compliance with provisions, while 23 test re-
sults (3.2%) were not. Of the latter, eight cases contained
excessive levels of AFs (including four cases of peanut candy,
one of peanut powder, one of pistachios, one of Sichuan
pepper, and one of red Coix seeds). Another 15 cases had
excessive levels of CIT (including 14 cases of RYR raw mate-
rials and one case of RYR supplements). The instances of
substandard Sichuan pepper and Coix seeds containing AFs
were first found detected in Taiwan. Information obtained
from this survey and the study of mycotoxin occurrence was
used to provide a sound scientific basis for establishing the
priorities of a number of subsequent control activities, as well
as mycotoxin regulations. Health authorities have already
orchestrated the complete destruction of substandard goods
that were recalled, and traced the sources of supply to prevent
the associated businesses from further manufacturing sub-
standard products. Imported RYR products with the identi-
fying product description were directed for food inspection
upon entry, and were subjected to batch testing. The imple-
mented measures for managing domestic substandard prod-
ucts and importing food commodities have -effectively
decreased the AF noncompliance rate in peanut products and
that of CIT in RYR products. The risk of AF contamination in
peanut, Coix seeds, and Sichuan pepper, as well as CIT in RYR
products, should be continuously investigated in further
monitoring programs.
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