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HIGHLIGHTS
¢ One hundred and eighty spices from Brazilian market were analyzed.
e Thirty paprika samples (100%) contained ocratoxin A, 0.75 - 147.18 ng/g.

e Twenty-nine nutmeg samples (100%) contained AFs, 2.71 - 48.67 ng/g.

Abstract: The incidence of aflatoxins and ochratoxin A in spices purchased from Sao Paulo State,
Brazil was investigated. A total of 180 black pepper (Piper nigrum L.), colorifico (mixture of cornmeal
or cassava flour with powdered annatto, Bixa orellana) ginger (Zingiber officinale Roscoe), nutmeg
(Myristica fragrans), paprika (Capsicum annuum L.), and turmeric (Curcuma longa) were analyzed
with a modified methods by using immunoaffinity column for clean-up and liquid
chromatography/fluorescence detector for separation and quantification. Analytical methods were
optimized for each spice, focusing mainly on the extraction step. OTA recoveries ranged from 65-
102%. AFs recoveries were >70% except for AFG2. The average levels of AFs and OTA in black
pepper, colorifico and turmeric samples were less than 2 ng/g. Twenty-five ginger samples (100%)
contained OTA 0.10 - 7.10 ng/g and 21 samples (84%) contained AFs 0.10 - 9.55 ng/g. Twenty-
nine nutmeg samples (100%) contained OTA 0.92 - 65.49 ng/g and AFs 2.71 - 48.67 ng/g. Thirty
paprika samples (100%) contained OTA, 0.75 - 147.18 ng/g and twenty-two samples (73%)
contained AFs, 0.11 - 14.92 ng/g. AFs and OTA in nutmeg and paprika could represent a food safety
issue in Brazil.
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INTRODUCTION

Among the major mycotoxins, aflatoxins (AFs) and ochratoxin A (OTA) are arguably the most important
ones because they are toxic to humans and animals. AFs are produced mostly by certain strains of
Aspergillus flavus and A. parasiticus. They are hepatotoxic in animals, with aflatoxin B; (AFB1) being the most
abundant and the most potent. The International Agency for Research on Cancer [1] monograph has
classified AFB; as a group 1 human carcinogen. In 2002 IARC [2] had sufficient evidence for animal and
human carcinogenicity to reaffirm the existing Group 1 classification for AFB: and mixtures of AFB; and
aflatoxin G1 (AFG.). However, there was limited evidence for aflatoxin B, (AFB2) and inadequate evidence
for aflatoxin G2 (AFG.). OTA is produced in agricultural commodities predominantly during storage and
exhibits both hepatotoxicity and carcinogenicity in rats and mice. Additionally, OTA is suspected as the cause
of Balkan endemic nephropathy. OTA has the longest half-life for its elimination of any of the mycotoxins
examined. The IARC [6] classified ochratoxin A as Group 2B, a possible human carcinogen.

Spices are used to give flavor, aroma, and color to foods, during processing, as they usually remain on
or close to the ground for drying, they may be subject to contamination with molds subsequently leading to
mycotoxin production. There are numerous reports of finding AFs and OTA in spices [3-8]. There have been
some reports on these toxins in spices purchased in Brazil [9-11].

Quantitative methods of analysis for most mycotoxins use immunoaffinity clean-up with HPLC separation
in combination with UV or FLD detection. Recently, LC/MS/MS has been used to analyze many food
contaminants, including mycotoxins. This technique is considered as the state-of-the-art technique and is
capable of analyzing more than one hundred of mycotoxins in one run, but the most frequently used methods
were LC/FLD for spices [3,12-14].

The goal of this study was conduct a survey of AFs and OTA in black pepper, colorifico, ginger, nutmeg,
paprika, and turmeric collected from S&o Paulo state, Brazil.

MATERIAL AND METHODS
Materials

Sampling

One hundred eighty powdered spice samples were analyzed, 42 were collected by Brazilian
Food Safety inspectors and 138 were purchased from supermarkets in 35 cities within S&o Paulo
State. The spice samples included: 30 black pepper, 33 colorifico, 25 ginger 29 nutmeg, 30 paprika,
and 33 turmeric.

Chemicals and supplies

The chemicals and supplies used in the study were: OTA (018770, Sigma-Aldrich chemical
Company, St. Louis MO), AFs standards (A6636, A9887, A0138, A0263, Sigma-Aldrich Chemical
Company and phosphate-buffered saline (PBS, P4417, Sigma-Aldrich Chemical Company);
methanol and acetonitrile (LC grade, EM Science, Gibbstown, NJ); immunoaffinity column (IAC,
AflaTest WB, OchraTest WB, Vicam, Milford, MA, USA).

Primary stock solutions for each mycotoxin were prepared in acetonitrile, and their
concentrations were determined according to AOAC International Official Method 971.22 [15].
Secondary stock standard solutions were prepared of OTA at 200 ng/mL, and a mixture of the 4
AFs at 400 ng/mL, (AFBz1, 200 ng/mL; AFB2, 50 ng/mL; AFGa1, 100 ng/mL; and AFGz2, 50 ng/mL) in
acetonitrile. Appropriate portions of the stock standard solution of mycotoxins were diluted with
mobile phase to prepare the daily working standard solutions at the following concentrations: for
OTA, 0.2, 0.4, 1, 2, 4 ng/mL; for AFB1, 0.4, 1.0, 2.0, 4.0, 10 ng/mL; for AFB2 and AFG2, 0.1, 0.25,
0.5, 1.0, 2.5 ng/mL; and for AFGs, 0.2, 0.5, 1.0, 2.0, 5.0 ng/mL. The secondary stock solutions were
also used as spiking solutions.

Apparatus

Equipment used in this study included an LC system (Shimadzu Instruments, Kyoto, Japan) with
a fluorescence detector, a Rheodyne L.P. injector with a 50 pL loop (Rheodyne, Cotati, CA, USA)
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and a YMC Pack ODS-AQ, 150 x 4.6 mm, 3 um, 12 nm column (YMC Co., Ltd, Kyoto, Japan); post
column derivatization systems for AFs, PHRED cell (post column photochemical derivatization cell;
AURA Industries, New York, NY, USA), spectrophotometer (Analytikiena, Jena, Thuringia,
Germany); vortex mixer (Tecnal, Piracicaba, SP, Brazil); centrifuge (Fanem, S&o Paulo City, SP,
Brazil); and column manifold (Supelco, Bellefonte, PA, USA); shaker (Tecnal, Piracicaba, SP,
Brazil).

Sample preparation and extraction

AFs analysis

Sample preparation: Each powdered spice sample, 200 g, was mixed manually for 10 min before
analysis. Five grams portions were weighed in 50 mL polypropylene centrifuge tubes, and saved for
AFs and OTA analyses. Table 1 shows the composition of extraction solution; and volumes of
sample extract, PBS containing 1% Tween 20 used for dilution, and also diluted extract added to
Aflatest IAC. After adding 1 g NaCl and 25 mL of extraction solution to a 5 g test portion. The mixture
was vortex shaken for 3 min and then was centrifuged for 10 min at 2000 rpm. The supernatant was
diluted, mixed and filtered with glass microfiber paper and filtrate was saved for Aflatest IAC cleanup.

IAC cleanup and isolation: Test sample filtrate was added to IAC. IAC was washed twice with
10 mL water after filtrate passed through. AFs were eluted two times with 0.7 mL methanol. The
eluate was collected into a 2 mL volumetric flask and diluted to volume with water immediately before
LC analysis.

Ochratoxin A analysis

Sample preparation: Table 2 shows compositions of extraction and dilution solutions and
includes the volumes for extraction solutions, sample extract, PBS containing Tween 20 used for
dilution, and diluted extract added to Ochratest IAC. After adding extraction solution to 5 g spice
portion the mixture was vortexed for 3 min, centrifuged for 10 min at 2000 rpm. The supernatant
was diluted, mixed, and filtered through glass microfiber paper. Filtrate was saved for Ochratest IAC
cleanup.

IAC cleanup and isolation: Test spice filtrate was added to IAC. After filtrate passed through
column IAC was washed with 10 mL PBS followed by 10 mL water. OTA was eluted two times with
0.7 mL methanol. The eluate was collected into a 2 mL volumetric flask and diluted to volume with
water immediately before LC analysis.

Liquid chromatography

LC condition: Isocratic mobile phase, collect and reuse for 5 days.

AF: mobile phase, water-acetonitrile-methanol (54 + 25 + 17, v/v) with a flow rate of 0.6 mL/min.
The fluorescence detector was set at Ex 362 nm and Em 440 nm, with post column derivatization.

OTA: mobile phase, water-acetonitrile-methanol-acetic acid (29 + 35 + 35 + 1, v/v); flow rate:
0.8 mL/min; detector set at Ex 333 nm and Em 460 nm.

Fifty uL reagent blank, AF working standards, or test sample was introduced into the LC column.
AF peaks in the test sample were identified by comparing retention times with those for standards.
AFs eluted in the order of AFB1, AFB2, AFG1 and AFG2. After passing through the PHRED cell the
AFG1 and AFB1 are derivatized to form AFGza (derivative of Gi) and AFB2a (derivative of AFB1),
respectively.

Quantitation

Calibration curves were prepared for each mycotoxin using the working calibration solutions.
Quantitation of each mycotoxin of the test sample was performed by measuring peak area at
retention time for each respective mycotoxin and was compared with the relevant calibration curve.
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Recovery study

An appropriate amount of spiking solution was added to 5 g test samples at 3 levels in 4
replicates. The spiking levels are shown in Table 3. After 2 hours the test samples were analyzed
according to the method procedure.

Survey Study
All 180 spice samples were analyzed in duplicates using the methods validated in this work.

RESULTS

Performance of the analytical methods

The main difficulties in spices analyses were matrix adsorption, interferences, and low AFs and/or OTA
recoveries. Our approach to improve recoveries were to modify the extractions and dilutions solutions.
Various extraction solutions and dilution solutions were evaluated [14,16] to maximize recoveries of the
added toxins and to minimize LC interfering peaks. For AFs, 70% and 90% methanol provided more than
70% toxin recoveries in ginger and turmeric, respectively; and 80% acetonitrile provided better toxins
recoveries in black pepper, colorifico, nutmeg and paprika. The volume of the dilution solution varied
according to the extraction solution. The dilution factor for using aqueous acetonitrile was larger than for
agueous methanol because AFs affinity of IAC is reduced more by acetonitrile than by methanol as well as
by higher concentration of the organic solvent. Volumes for the extract solution, dilution solution, and diluted
extract passed through IAC were also optimized as shown in Table 1. The equivalent weight of the spice
added to IAC was 1g.

Table 1. Extraction solution composition, volumes of extract, dilution solution, and diluted extract added to Aflatest IAC.

Volume, mL

Extract solution

Spice composition Extract, mL Dilution Diluted extract
solution added on IAC
Black pepper ACN + water (8:2) 6 54 50
Colorifico ACN + water (8:2) 6 54 50
Ginger MeOH + water (7:3) 7 28 25
Nutmeg ACN + water (8:2) 6 54 50
Paprika ACN + water (8:2) 6 54 50
Turmeric MeOH + water (9:1) 7 28 25

Table 2 shows the optimized sample preparation for OTA analysis prior to IAC cleanup. Methanol mixed
with 0.5 - 3% NaHCOs; in water was evaluated as extraction solution for OTA. Results showed 0.5% NaHCOs3
in methanol was a better choice for colorifico and turmeric; and 1% NaHCOs; for black pepper, ginger and
nutmeg. OTA was extracted from paprika by mixing with 3% NaHCOs; then methanol was added to the
mixture.

Table 2. Compositions of extraction and dilution solutions and volumes of extraction solution, sample extract and diluted
extract added to Ochratest IAC.

Dilution solution

Spice Extract solution Vol \é)?tl:]argf = PBSZ)Twe\(inIZO extrDaI(I:ltJt:(;jded
Composition onl]JIr_ne, mL Weg/(r: ’ Or:]‘[ne’ to IAC, mL
Black pepper MeOH + 1% NaHCO3 (7:3) 25 7 0.5 28 25
Colorifico MeOH + 0.5% NaHCOz3 (7:3) 35 10 1 40 35
Ginger MeOH + 1% NaHCOs (7:3) 25 7 1 28 25
Nutmeg MeOH + 1% NaHCOs3 (7:3) 25 7 1 28 25
Paprika 3% NaHCO3, MeOH 75,175 7 0.5 28 25
Turmeric MeOH + 0.5% NaHCOz3 (7:3) 25 7 1 28 25

1PBS, 10 mM phosphate buffer saline
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LC chromatograms showed good resolution for all four AFs, there were no interfering peaks. OTA LC
chromatogram showed OTA peak as well as several other peaks at various retention times differing from that
for OTA. There was a >90 min eluting peak for OTA in black pepper. This problem could be eliminated by
flushing LC column with 80% acetonitrile in 1% acetic acid and recondition column with mobile phase prior
to conducting another sample analysis. Representative LC chromatograms of OTA and AFs standards and
spice samples are shown in Figure 1. The retention times of AFG., AFG2. (derivative of AFG.), AFB,, and
AFB2a (derivative of AFB;:) were between about 11 and 16 min; for OTA it was about 5.5 min. The peaks
showed a resolved baseline.
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Figure 1. Chromatograms of mycotoxins in spice. (A) nutmeg sample: 0.1 ng/g AFG., 1.5 ng/g AFG,, 5.7 ng/g
AFB2; 38.7 ng/g AFB;:; AFs standard: 2 ng/mL AFG;, 4 ng/mL AFG4, 2 ng/mL AFB-, 8 ng/mL AFB:. (B) paprika
sample; 147.2 ng/g, OTA standard, 8 ng/mL.

The limit of detection (LOD) was determined by averaging three reagent blank results plus 2 SD. LOD
for OTA, AFB:, AFB;, AFG: and AFG, was 0.02, 0.04, 0.01, 0.02, 0.01ng/g, respectively, and limit of
guantification (LOQ) was 0.07, 0.15, 0.04, 0.07 and 0.04 ng/g, respectively. Table 3 gives percentage of
average, minimum and maximum recoveries; standard deviation; and relative standard deviation for AFs and
OTA added to spices across all spiked levels.
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Table 3. Percentage of average, standard deviation, and relative standard deviation for AFs and OTA added to spices

across all spiked levels.

Spice Parameter AFG; AFG, AFB2 AFB; OTA
Black pepper (Piper nigrum L.) Spiked, ng/g 1,2,4 2,48 1,2,4 4,816 4,8 16
Mean recovery % 19.7 76.0 88.2 87.6 85
sd?, % 1.8 3.8 7.1 9.0 7.0
RSDI2, % 9.3 5.0 8.0 10.2 8.2
Colorifico Urucum (Bixa Spiked, ng/g 1,2,4 2,48 1,2,4 4,816 4,8, 16
orellana) Mean recovery % 23 92 93 94 78
sd, % 2.8 8.1 9.1 10.2 6.8
RSDr, % 12.2 8.8 9.7 10.9 8.7
Ginger (Zingiber officinale Spiked, nglg 1,2,4 2,48 1,2,4 4,816 4,8, 16
Roscoe) Mean recovery % 60 80 82 79 89
sd, % 3.7 1.3 1.8 1.9 9.3
RSDr, % 6.2 1.7 2.1 2.4 10.5
Nutmeg (Myristica fragrans) Spiked, ng/g 1,2,4 2,48 1,2,4 4,816 4,816
Mean recovery % 17.4 73.5 86.9 92.0 72.6
sd, % 1.7 5.7 5.0 6.3 6.9
RSDr, % 9.6 7.7 5.8 6.9 9.6
Paprika (Capsicum annuum L.) Spiked, ng/g 1,2,4 2,48 1,2,4 4,816 510,20
Mean recovery % 66.2 92.7 96.6 97.8 84
sd, % 25.7 6.9 3.8 9.2 8.4
RSDr, % 38.7 7.4 3.9 9.5 10.0
Turmeric (Curcuma longa) Spiked, ng/g 1,2,4 2,48 1,2,4 4,816 4,8,16
Mean recovery % 57.4 80.5 80.6 77.6 79.9
sd, % 13.1 7.4 6.7 8.7 7.8
RSDr, % 22.9 9.2 8.3 11.3 9.7

1Standard deviation; 2Relative standard deviation

Survey results

A summary of survey results is shown in Tables 4, 5 and 6. Black pepper, colorifico and turmeric had
low levels of the mycotoxins. Twenty-five ginger samples (100%) were contaminated with OTA in a range of
0.10 - 7.10 ng/g and 21 ginger samples (84%) with AFs in a range of 0.10 - 9.55 ng/g.

Paprika (Capsicum annuum L.) and nutmeg (Myristica fragrans) spice samples presented higher
mycotoxins contamination with the highest concentration detected in paprika at 147.18 ng/g of OTA. Thirty
paprika samples (100%) were contaminated with OTA, 0.75 - 147.18 ng/g and 22 samples (73%) were
contaminated with AFs, 0.11 - 14.92 ng/g, 3 samples had OTA above the maximum limit permitted by

Brazilian legislation.

Twenty-nine nutmeg samples (100%) contain OTA ranging from 0.92 - 65.49 ng/g and AFs ranging from
2.71 - 48.67 ng/g, one sample was contaminated with OTA and 11 with AFs exceeding maximum
contamination levels permitted by Brazilian legislation, OTA < 30 ng/g and sum of AFs < 20 ng/g [17].

Table 4. Aflatoxin Bi levels in spices.

Spice n Number of samples with AFB; in the range (ng/g)*

<1 11-5 5.1-10 10.1- 20 >20
Black pepper 30 29 1 0 0 0
Colorifico 33 33 0 0 0 0
Ginger 25 22 2 1 0 0
Nutmeg 29 0 8 8 4 9
Paprika 30 24 5 0 1 0
Turmeric 33 31 2 0 0 0

laverage of duplicate analysis
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Table 5. Aflatoxins levels in spices.

Spice n Number of samples with AFs in the range (ng/g)*

<1 11-5 51-10 10.1-20 >20
Black pepper 30 28 2 0 0 0
Colorifico 33 33 0 0 0 0
Ginger 25 19 5 1 0 0
Nutmeg 29 0 8 6 4 11
Paprika 30 24 5 0 1 0
Turmeric 33 29 4 0 0 0

laverage of duplicate analysis

Table 6. Ochratoxin A levels in spices.

Spice n Number of samples with OTA in the range (ng/g)*
<1 11-5 5.1-10 10.1- 20 >20
Black pepper 30 24 6 0 0 0
Colorifico 33 33 0 0 0 0
Ginger 25 20 3 2 0 0
Nutmeg 29 2 18 4 3 2
Paprika 30 1 12 9 5 3
Turmeric 33 14 19 0 0 0

taverage of duplicate analysis
DISCUSSION

Performance of the analytical methods

In most of the developing countries and in many developed countries, LC/FLD is still the primary
workhorse for AFs and ochratoxin A analysis [18], the two major toxins which contaminate spices. Out of 72
Official Methods for mycotoxin analysis approved by AOAC, ISO and EN 32 are HPLC/FLD methods, only 2
are LC/MS/MS methods, the rest are TLC, LC/UV, and ELISA methods. Whereas AFs and ochratoxin A are
of significant concern, other mycotoxins are of lesser importance and their respective levels of contamination
are largely insignificant.

Isocratic elution was used for the LC separation; the mobile phase was collected, mixed, degassed and
reused for 5 days. Working standards and calibration curves were prepared daily at the beginning and at the
end of LC analysis. Recycling the mobile phase provides several advantages: it saves time of preparation,
reduces costs of solvents, reduces costs associated with waste disposal and helps to protect the
environment.

Table 3 shows that OTA recoveries ranged from 65-102%. AFs recoveries were >70% except for AFG..
Since IARC 2002 monograph [2] indicated that there was inadequate evidence in experimental animal for the
carcinogenicity of AFG; therefore the low recovery of this toxin in spice did not diminish the performance of
our method. We considered these methods acceptable for our present surveillance study.

Survey results

There are related publications on mycotoxins incidence in spices, our results are similar with some
papers, like Naz and coauthors [6] and Omotayo and coauthors [4], and in disagreement with others works
like, Pesavento and coauthors [7], Jeswal and Kumar [8] and Shundo and coauthors [9]. Naz and coauthors
[6] collected 200 different spice samples, 100 packed and 100 unpacked, from Pakistan, and analyzed for
AFs contamination levels. Black pepper samples (10 packed and 10 unpacked) were found to be free of
detectable AFs; however, Naz and coauthors found 5.05 = 0.16 ng/g AFs in 7 packed turmeric samples (70%)
and 7.28 £ 0.35 ng/g AFs in 7 unpacked turmeric samples (70%).

Omotayo and coauthors [4] studied AFs contamination in winter and summer ginger from the North West
Province of South Africa. During winter the AFB; ranged from 0.02 - 0.74 ng/g, for AFB5, 0.04 to 3.44 ng/g,
for AFG4, 0.002 - 0.17 ng/g and for AFG, from 0.002 - 0.2 ng/g. In the samples collected during summer,
AFB; ranged from 0.01 to 6.04 ng/g, AFB,, 0.14 to 9.95 ng/g, AFG4, 0.01 to 6.59 ng/g, and AFG2, 0.89 to
13.67 ng/g. The results indicated greater contamination in samples collected in summer than in winter but
also that contamination in either season exceeded the European Unions recommended level for AFs.
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Pesavento and coauthors [7] analyzed 52 samples of nutmeg (12 samples in whole form and 40 samples
in powder; 22 heat-treated and 30 un-treated) for AFs, collected in Italy. Heat-treated samples were less
contaminated than untreated samples. Spices in powder form (both chilli and nutmeg) had higher
contamination levels than whole spices. AFs contamination was detected in 72.5% powdered nutmeg
samples, with a range of 0-17.2 ng/g.

Jeswal and Kumar [8], performed a study for 42 black pepper, 35 turmeric and 36 ginger samples. The
results for AFs were 185.0+22.0 ng/g, 163.8+25.7 ng/g and 183.6+25.0 ng/g for black pepper, turmeric and
ginger, respectively; similarly, the results for OTA were 154.1+19.3 ng/g, 125.9+24.0 ng/g and 82.8+19.0 ng/g
respectively. They concluded that black pepper, and dry ginger comprise suitable substrates for fungal growth
and subsequent mycotoxin productions.

Shundo and coauthors [9] analyzed 70 paprika samples purchased in S&o Paulo City, Brazil; 58 samples
(82.9%) were contaminated with AFs, at levels ranging from 0.09 to 7.3 ng/g; OTA was found in 60 of the
analyzed samples (85.7%) at levels ranging from 0.2 to 97.2 ng/g.

As shown in this study, nutmeg and paprika are susceptible to OTA and AFs contamination, as is ginger
under favorable conditions. The cause of contamination may occur at various phases including during
preharvest, harvest, postharvest, storage, transporting, and packaging of spices. Good hygienic practice and
physical separation are the best approaches for mycotoxin management in spices. Decontamination
strategies, rather than preventative strategies, should only be used as a last resort to reduce mycotoxin
contamination to acceptable levels for human and animal consumption. It is also important that consumers
know and understand that they have a responsibility to keep spices dry after opening sealed containers or
packages. Keeping spices safe from farm to table is everybody’s responsibility [2].

CONCLUSION

The results of this study show that the performance of our methods was acceptable for the analysis of
AFs and OTA in spices collected from market place. The toxin levels in colorifico, turmeric and black pepper
were less than 4 ng/g. However, AFs in nutmeg samples and OTA in paprika were great than 0.75 ng/g. The
occurrence of AFs and OTA in nutmeg and paprika might be a public health problem in Brazil.
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