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ABSTRACT

Aflatoxins (AFs) are toxic secondary metabolites of the fungi Aspergillus flavus, A. parasiticus and A. nomius. The
fungi produce these AFs in cereals, oilseeds and spices. AFs have damaging effects on all organisms, including
humans, and their symptoms can be classified as acute (vomiting, hemorrhage and death) or chronic (im-
munodepression, Reye syndrome, Kwashiorkor, teratogenesis, hepatitis, cirrhosis, and various cancers). Basic
AFs (AFB;, AFB,, AFG;, and AFG,) are metabolized in the liver or by microbes that produce hydroxylated
metabolites (AFM;, AFM,, and AFP,) and aflatoxicol (AFL), soluble in water and easy to dispose. Thus, AFs can
be excreted in fluids, such as milk. AFs are not destroyed in the process of making cheese.

The purpose of this study was to identify and quantify the AFs present in 30 samples of industrialized Oaxaca-
type cheese sold in Mexico City. The average concentrations of AFs detected in the 30 samples of industrialized
cheese were as follows: AFB; (0.1 ug kg’l) in 20% (6/30); a trace amount of AFB, (0.01 < LOD) in only 3% (1/
30); AFG; (0.14 pgkg 1) in 10% (3/30); AFG, (0.6 pg kg~ 1) in 30% (9/30); AFM; (1.7 ugkg ") in 57% (17/30);
AFP; (0.03% g kg_l) in 3% (1/30); and AFL (13.1 ug kg_l) in 97% (29/30). AFB, and AFL were the most
abundant aflatoxins in Oaxaca-type cheese. However, eight aflatoxins were present, contributing an average of
15.7 ugkg ™! AFs distributed among the 30 samples. The risk assessment analysis showed that there was no
substantial risk for cancer due to AFs in industrialized Oaxaca cheese from Mexico City.

1. Introduction

et al., 2016b) when only consumers are considered. Oaxaca cheese, also
known as thread cheese, is a filament cheese paste type that is produced

Cheese is an economically important commodity worldwide. In
Mexico, 76,696 tons of Oaxaca-type cheese were produced in 2005
(INEGI, 2006, 2008). Most of the information about aflatoxins (AFs) in
cheese is related to industrial production and sale through formal
commercialized channels. However, most of the Oaxaca-type cheese
consumed in Mexico is handmade artisanally. The AFs and hydro-
xylated metabolites have been reported (Vargas-Ortiz et al., 2017) but
not in industrialized cheese.

The cheese consumption by inhabitant in Mexico is 3.8 kg per year
(CDIC, 2016) where the calculation includes non-consumers. In parti-
cular for Oaxaca cheese, the reported average consumption by in-
habitant is 47.8 g per day and 17.448 kg per year (Hernandez-Camarillo

in artisanal or industrialized ways. In 2010, Oaxaca cheese was the
second most ingested cheese in Mexico after fresh cheese (Gonzélez-
Cordova et al., 2016). Industrialized Oaxaca cheese is produced with
pasteurized milk, which is acidified at 32-40 °C before the rennet is
applied to obtain a stretched cheese curd. The fermented cheese curd
(pH 5.2 to 5.3) (Torres and Chandan, 1981) is stretched, and the dough
is then kneaded and submerged in hot water (80 °C) (Aguilar-Uscanga
et al., 2006) until threads of 3-6 cm in width are formed. The filaments
are then dried with salt and are molded as braided hair or balls followed
by cooling and packaging into plastic bags (De Oca-Flores et al., 2009).

Approximately 35 years ago, thread cheeses originated from ran-
ches where they were made with pure milk without any preservers and
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Abbreviations

% Percentage

% CV Variation coefficient percentage

< LOD Below limit of detection

>LOD  Above limit of detection

°C Centigrades

ACN Acetonitrile

AFB; Aflatoxin Bl

AFB, Aflatoxin B2

AFG, Aflatoxin G1

AFG, Aflatoxin G2

AFL Aflatoxicol

AFM; Aflatoxin M1

AFM, Aflatoxin M2

AFP, Aflatoxin P1

AFs Aflatoxins

bl Slope value

by Value of the slope

bo Ordinate to origin

cm Centimeters

Forms of AFL. A (Ro) and B

g (s) Gram (s)

HPLC High Performance Liquid chromatography

HPLC-FL High Performance Liquid chromatography and
Fluorescence

HBV without Hepatitis B Virus

HBV+  with Hepatitis B Virus

IAC Immunoaffinity Columns

IC(B) Confidence interval for the slope to origin
LOD Limits of detection

LOQ Limits of quantification
LOQ Limits of quantification
MeOH  Methanol

min Minute

mL Milliliter

MO Missouri

Ng Nanograms

Nm Nanometers

NY New York

OH—- Hydroxyl

PBS Phosphate buffered saline
pH Hydrogen potential

R? Determination coefficient
Rpm Revolutions per minute

RT Retention time

SD Standard deviation

ST Sterigmatocystin

Sy/x Standard deviation of the regression
UK United Kingdom or England
UsD United States dollars

uv Ultraviolet

v/vV Volume to volume

WI Wisconsin

ug kg~! Micrograms per kilogram
pug L™!'  Micrograms per liter

uL Microliters

extenders. Currently, most of the cheeses produced in Mexico are
standardized where the ingredients are not pure milk, and in some
cases, liquid milk is not used to produce them (Gonzélez-Cérdova et al.,
2016). In Mexico, industrial cheese production is concentrated into two
industries that generate 50% of production and distribute their pro-
ducts with different trademarks. An additional 18% of production is
generated by large industries in which the principal product is not
cheese production, and the remaining production is distributed among
medium and small industries dedicated to cheese production (Hervas,
2012). With regard to Oaxaca cheese produced by industry, 52 products
have been reported with 47 presented as Oaxaca cheese and 5 presented
as Oaxaca cheese imitations (Profeco, 2012).

The base for the elaboration of Oaxaca cheese is liquid cow milk.
However, the industrialization of the Oaxaca cheese production uses
additives and stabilizers to reduce costs and to acquire some sensorial
attributes.

Aflatoxins (AFs) are toxic secondary metabolites, such as bis-dihy-
drofuran coumarins, produced mainly by the fungi Aspergillus flavus, A.
parasiticus and A. nomius, which can contaminate field crops, such as
maize that is used as cattle fodder or as an ingredient of balanced feed.
These fungi produce aflatoxins B; (AFB;), B, (AFB,), G; (AFG;) and G,
(AFG,) (Creppy, 2002).

AFB; is a recognized mutagen and carcinogen in humans (IARC,
2002) that can produce other damaging effects, such as im-
munodepression, hepatitis, cirrhosis, abortions, and fetus malforma-
tions. These basic AFs are not soluble in water, and the livers of ru-
minants can metabolize them to reduce their toxicity by adding an OH—
group to form hydroxylated metabolites, such as Aflatoxins M; (AFM,),
M, (AFM,), P; (AFP;) and aflatoxicol (AFL), which are water soluble
and can be excreted from the body through milk (Hayes et al., 1977).
Therefore, the milk used to produce dairy products, such as Oaxaca
cheese, can contain the four basic aflatoxins and their mentioned hy-
droxylated metabolites, Fig. 1.

Moreover, maize flour can be added to the dough to thicken and
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curdle it, and this practice, although legal in Mexico (NOM, 2010), can
add extra AFB; to cheese. Industrialized Oaxaca cheeses are produced
in many Mexican States and are distributed throughout the country,
resulting in the entire population being exposed to the AFs in these
cheeses. The present research evaluated the presence of the four basic
AFs and their four hydroxylated metabolites in 30 trademark in-
dustrialized Oaxaca cheeses of Mexico.

2. Materials and methods
2.1. Sampling

The study consisted of 30 samples from 30 trademarks of 750 g of
Oaxaca-type industrialized cheese purchased in groceries and markets
in Mexico City.

The cheeses were refrigerated immediately after sampling and were
subjected to a drying process for a period of 2 days. Samples of Oaxaca-
type cheeses were purchased in September 2016. Each cheese sample
was manually unthreaded, and they were placed in a tray drier at 40 °C
so the AFs were not affected. The dried samples were stored frozen until
AF extraction and chemical analyses were performed.

2.2. Chemical extraction method for aflatoxins

The R-Biopharm (R-Biopharm Rhone Ltd., 2012) method, which is
recommended for use with Total Aflatoxin Easi-Extract Immunoaffinity
Columns (IAC) (R-Biopharm Rhone Ltd, Glasgow, Scotland, UK), was
performed according to the following protocol.

Samples (15g) of dry, ground Oaxaca-type cheese were blended
(Waring ETL laboratory blender 7010S model WF 2211214, Torrington,
CT, USA) for 2 min at high speed with a mixture of 100 mL of MeOH/
water (80:20 v/v) and 2 g of NaCl to clarify the extract. The mixture
was centrifuged at 4500 rpm for 15min, and an equivalent of 1g of
supernatant of sample was dissolved in phosphate buffered saline (PBS)
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Basic Aflatoxins

AFG,

AFQ,

Fig. 1. Chemical structure of basic aflatoxins and their hydroxylated metabolites.

at pH 7.4 at a proportion of 1:4 (v/v) and homogenized for 1 min in a
vortex. IAC was equilibrated with 20 mL of PBS at pH 7.4 applied at a
flux of 5 mL/min. Each sample was then independently added to a new
column. AFs were eluted using 1.5 mL of HPLC-grade MeOH followed
by 1.5 mL of distilled water with reflux. The eluate was dried at 40 °C in
an oven (F135A Novatech Model, Mexico City, Mexico) and then de-
rivatized.

2.3. Derivatization

Derivatization is a process to increase the AF fluorescence of AF
standards to generate calibration curves and to quantify AFs in cheese
samples (Kok, 1994; Akiyama et al., 2001). The derivatization reaction
with trifluoroacetic acid is the transformation of AFB; and AFG;, which
are less fluorescent, into their hemiacetals B,, and AFG,,, which are
highly fluorescent. AFB, and AFG; are not affected by this reaction due
to their saturated structure (Akiyama et al., 2001). Eight dry AF stan-
dards, namely AFB;, AFB,, AFG;, AFG,, AFM;, AFM,, AFP; and AFL
(Sigma-Aldrich; St. Louis, MO, USA), were used to determine the AFs’
linearity and percentage of recovery validation. The AF standards were
dissolved in 200 uL of HPLC-grade acetonitrile (ACN), and 800 pL of
derivatization solution was them added. The derivation solution was
prepared with 5mL of trifluoroacetic acid (Sigma-Aldrich, St. Louis,

130

MO, USA), 2.5mL of glacial acetic acid (Merck, Naucalpan, Estado de
Mexico, Mexico) and 17.5mL of deionized distilled water, and the
mixture was then vortexed (Vortex G-560, Bohemia, NY, USA) for 30s.
The vials containing the dry eluates were heated in a vapor bath at
65 °C for 10 min. The derivatized samples were cooled to room tem-
perature, and triplicate 60 uL. samples were analyzed by HPLC with
fluorescence (HPLC-FL).

2.4. Validation of the extraction method

The validation of the analytical methods and the analyses of the 30
Oaxaca-type cheese samples were performed using known parameters
(Garcia et al., 2002).

2.5. Linearity of the system (calibration curves)

Solutions with different concentrations of AFs were prepared from a
1000 ng AFM stock. The 0.25mg AFM standards were diluted with
benzene: acetonitrile (98:2 v/v) according to a previously reported
methodology (AOAC, 2006) to prevent decomposition of pure AFs.

a. The spectrophotometer
Corporation; Madison, WI,

(Genesys 10 UV Thermo Electron
USA) was calibrated before the
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experiments to measure the absorbance of the AFM standard solu-
tions from 357 to 360 nm.

b. The following formula was applied to calculate 1000 ng stock so-
lutions of each AF concentration (AOAC, 2006):

Absorbance X molecular weight X 1000

X Correction factor of the equipment

AF mL) =
(ng ) Extinction coefficient

c. Twelve concentrations (0.01, 0.05, 0.1, 0.5, 1, 2, 4, 8, 16, 32, 64 and
128 ng) of the 8 different AFs were independently created from the
1000 ng stock solution. These standard dilutions were then used to
plot the analytic signal (area below the curve of each chromato-
graphic peak) against the AF concentrations. The curve equation
and statistical parameters were obtained. The slope value (b1), or-
dinate to origin (bo), determination coefficient (R?), confidence
interval for the slope to origin (IC(f)), variation coefficient per-
centage (% CV), standard deviation (SD), and the limits of detection
(LOD) and of quantification (LOQ) and were calculated using Excel
2003.

2.6. Limits of detection (LOD) and quantification (LOQ)

The LOD of the equipment was established in relation to the noise in
the chromatogram. The LOD equals the AFM; concentration that gives a
signal that is three times greater than the noise. The LOQ equals the
AFM; concentration that is 10 times greater than the noise (Cruz-
Rueda, 2016).

To calculate the LOD, the following equation was used:

LOD = 3.3 X S(y/x)
by
The LOQ was calculated using the following equation:
L0Q = 10 x S(y/x)
by

where Sy is the standard deviation of the regression, and b; is the
value of the slope (Cruz-Rueda, 2016).

2.7. Recovery percentages

The recovery percentage is a measure of the accuracy of the method
and expresses the proximity between the theoretical and experimental
values. The arithmetic average, standard deviation, percentage of var-
iation coefficient and confidence interval were calculated. To obtain
accurate measurements, the AFs of the samples of dried, ground
Oaxaca-type cheese in 1g aliquots diluted in PBS (1:4 v/v) were in-
dividually spiked with three different concentrations (5, 20 and
40 pgkg™ ") of the eight individual AF standards (AFB;, AFB,, AFGq,
AFG,, AFM;, AFM,, and AFP;) and AFL. One aliquot without spiked AF
was used as the control, which gave the basal contamination level. The
samples were individually processed using the R-Biopharm extraction
method (R-Biopharm Rhone Ltd., 2012). AFs were purified and con-
centrated using an IAC, derivatized, and quantified by HPLC-FL, and
the percentage of recovery for each AF was obtained. After the deri-
vatization mixture was cooled to room temperature, triplicates of each
sample (60 uL) were injected into the HPLC-FL.

2.8. HPLC quantitation

The chromatographic system was an Agilent Series 1200 HPLC
(Agilent Technologies, Inc., USA) and consisted of an isocratic pump
(Model G1310A), a fluorescence detector (Model G1310A Series
DE62957044, Agilent Technologies, Inc., USA) set to an excitation
wavelength from 357 to 360 nm and an emission maximum of 450 nm,
and an autosampler (G1329A Series DE64761666). The
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chromatography column was a VDS Optilab VDSpher 100 C18-E 5 um
250 X 4.6 mm maintained at room temperature (22 °C) with a mobile
phase of water:ACN:methanol (65:15:20 v/v/v) that was degasified for
30 min by vacuum filtration and added at a flux of 1.0 mL/min.

2.9. Statistical analysis

Kruskal-Wallis analysis was performed to identify differences in the
concentrations of AFB;, AFB,, AFG;, AFG,, AFM;, AFP; and AFL among
the 30 samples. We performed Pairwise Wilcoxon Rank Sum T test to
identify where the differences occurred.

2.10. Risk assessment
Risk assessment include 4 stages:

1) Danger identification of the biological, chemical or physical agents
that can damage human health and that are present in some food
(WHO/FAO, 2006).

2) Characterization of the danger: the qualitative or quantitative eva-

luation of the damage to health caused by biological agents in food

(WHO/FAO, 2006). Evaluations are realized with dose-response

studies. Epidemiological studies gave enough evidence of the sy-

nergism between the hepatitis B virus (HBV) and AFB; to cause liver
carcinogenesis. The calculations were on the potency of AFB; to
cause liver cancer. WHO established the potency of AFB, to cause
liver cancer was 0.013 in non Hepatitis B Virus (HBV ) population
and 0.328 in HBV + population in 100,000 inhabitants per year for

each ng/kg exposition (WHO, 1998).

Exposition evaluation: is the qualitative or quantitative evaluation

of the ingestion of biological, chemical or physical agents through

food (WHO/FAO, 2006).

4) Risk characterization: Is the estimation of the occurrence probability
and seriousness of the adverse effects on health in a certain popu-
lation, in relation to the danger identification, characterization and
exposure (WHO/FAO, 2006).

3

=

The exposure to a damaging agent to health through food ingestion,
depends on the contamination levels and the quantity of food ingested.
In our case, the exposure to AFB; through the ingestion of industrialized
Oaxaca cheese, is calculated multiplying the sample contamination
with the daily consumption, and the result is divided by the body
weight. The equation is:

Exposure: (Contamination level) (ingested amount)/Body weight.

The unities of exposure are (ng kg~! Body weight/per day)
(Shephard, 2008).

In 2016 a report informed that the consumption per capita of cheese
in Mexico was of 3.9 kg/year (CDIC, 2018), that would be 10.68 g daily.
In Mexico, the National Chamber of Dress Industry (CANAIVE) reports
an average weight of 74.8 kg for men and 68.7 kg for women in a
sample of 5000 inhabitants (CANAIVE, 2012). An average weight from
these data is 71.75 kg for adult population.

Population risk can be calculated multiplying exposure by average
potency of HBV* and HBV ~; for populations of developing countries
where a prevalence of HBV™*, is 25% (WHO, 1998). The risk can be
calculated with the equation:

Population risk = Exposure x Average potency

For the risk calculations for Aflatoxicol (AFL) we used the same
potency values than those applied for AFB;, because AFL can transform
itself into AFB; and viceversa. For AFM; the methodology of the
mention potencies referred by WHO was used, being 0.03 for HBV* and
0.001 for HBV ™~ (JECFA, 2001).
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3. Results and discussion

The validation parameters, including limit of detection (LOD), re-
tention time (RT), coefficient of determination R? and recovery per-
centage, of aflatoxins and hydroxylated metabolites in Industrialized
Oaxaca cheese are shown in Table 1.

AFB; was not a product of cow liver metabolism but was due to the
addition of maize starch during the manufacturing of the cheese. This
addition is legal (NOM, 2010) in Mexico and accepted for fresh cheeses,
but it is not good practice from the point of view of AF contamination.

The average amount of AFB,, the most carcinogenic AF, was high in
artisanal Oaxaca cheese (11.2ng) (Vargas et al., 2017) but low in in-
dustrialized Oaxaca cheese (0.1 ugkg 1), maybe from the transforma-
tion of AFB; into AFL, which is the interconverting hydroxylated me-
tabolite form (Karabulut et al., 2014), leaving only traces of AFB;. The
formation of AFL was high in both artisanal (19.1 ugkg™") and in-
dustrialized Oaxaca cheese (13.1pgkg™!). AFt of artisanal and in-
dustrialized cheese had a difference of 18.2 ug kg ™! (Vargas-Ortiz et al.,
2017). The aflatoxins (ug kg~ ') and hydroxylated metabolites (ug
kg™ 1) in the industrialized Oaxaca cheese of Mexico City are shown in
Table 2.

The different amount of AFs in both processes, the artisanal and
industrialized Oaxaca cheeses are shown in Table 3.

Considering several aflatoxin biosynthetic pathways (Sweeney and
Dobson, 1999; Trail et al., 1995; Minto and Towsend, 1997; Bennett
et al., 1997), norsolorinic acid is the first stable precursor in the path-
ways. The polyketide undergoes approximately 12-17 enzymatic con-
versions through a series of pathway intermediates. Following the for-
mation of versicolorin B, the pathway branches. One branch forms AFB,
and AFG;, which contain dihydrobisfuran rings and are produced from
demethyl sterigmatocystin, and the other branch forms AFB, and AFGo,,
which contain tetrabisfuran rings and are produced from dihydro-de-
methyl-sterigmatocystin. The step from vesiconal to versicolorin B and
A as well as the transformation of versicolorin to AFG; and AFG, might
be where the industrial cheese process changes from the artisanal
process because the artisanal Oaxaca cheese (Vargas et al., 2017) had
less AFG; (0.03 ug kg_l) and AFG, (0.2 g kg_l) than the industrial
cheese (AFGy, 0.14 ugkg™'; and AFG,, 0.6 ugkg "), Table 3.

While AFs are produced only by certain strains of A. parasiticus, A.
flavus and A. nomius, numerous ascomycetes and deuteromycetes, in-
cluding A. nidulans, produce the sterigmatocystin (ST) mycotoxin,
which is the penultimate intermediate in the AF biosynthetic pathway.
The ST pathway is believed to include at least 15 enzymatic activities
involving each enzyme activity from the AF pathway and the penulti-
mate steps involving the conversion of ST to AF. AFs bind to proteins
and, in the case of cheese, to the milk casein via a hydrophobic inter-
action (Brackett and Marth, 1982), resulting in the presence of AFM; in
cheese. AFs resist high temperature without denaturalization, and
AFM; can withstand temperatures up to 320 °C, indicating that it can
withstand pasteurization (60 °C) and ultrapasteurization (160 °C) with
acidification, which are used during the processing of cheeses (Deveci,
2007; Oruc et al., 2006).

The present study showed the presence of the eight different AFs in
addition to AFM;, the only reported AF in dairy products worldwide.
Nonetheless, other AFs certainly contribute to the real ingested amount
and to the risk associated with AFs. The established regulations for the
maximum tolerable levels of AFs in milk and dairy products have been
established (El Khoury et al., 2011). AFM;, AFM,, AFB; and AFL have
been reported in Mexican milk (Carvajal et al., 2003a,b), so their pre-
sence in cheese was expected. The purpose of this research was to in-
vestigate different basic AFs (AFB;, AFB,, AFG;, AFG,) and their hy-
droxylated metabolites (AFM;, AFM,, AFP; and AFL), which have not
been reported in industrialized cheese, and to identify their importance
as carcinogens.
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3.1. Quantification of all AFs

The averages of the AFs and hydroxylated AFs detected in the 30
samples of trademarks of industrialized cheese were as follows: AFB;
(0.1ng g_l) in 20% (6/30); a trace amount of AFB, (0.01 < LOD) in
only 3% (1/30); AFG, (0.14ng g~ ') in 10% (3/30); AFG, (0.6ngg™ 1)
in 30% (9/30); AFM; (1.7 ng g’l) in 57% (17/30); AFP, (0.03% ng
g_l) in 3% (1/30) and AFL (13.1ng g_l) in 97% (29/30). AFB; and
AFL were the most abundant aflatoxins in Oaxaca-type cheese.
However, eight aflatoxins were present, contributing to an average of
15.7ugkg ™' AFs distributed among the 30 samples (Fig. 2 and
Table 2). All AFs were present in the industrialized cheeses (Fig. 3).

According to the Tukey's Test analysis (P < 0.05), AFB; and AFL
were the most abundant AFs. Other AFs, such as AFB, (0.01 ugkg™")
and AFP; (0.03pgkg™1) were present in trace amounts, and AFG,
(0.6 ugkg ') appeared more frequently in 30% (9/30) of the samples.
AFL (13.1 pgkg™ 1), which was present in 97% of the samples, can be
formed through the enzymatic or synthetic reduction of AFB;, and it
has high toxicity and carcinogenicity (Karabulut et al., 2014).

AFL was the most abundant hydroxylated metabolite in the artisanal
and industrialized cheeses. AFL is produced by several fungi, including
Aspergillus flavus, A. parasiticus, A. niger, Eurotium herbariorum, Rhizopus
spp. and other non-aflatoxicogenic A. flavus (Nakazato et al., 1991), by
the reduction of the 1-keto group of AFB; (Detroy and Hesseltine,
1970). AFL is equally carcinogenic as AFB;, so its formation is not a
significant detoxification mechanism (Schoenhard et al., 1981; Peraica
et al., 1999). AFL has approximately 70% less mutagenicity than AFB;
(Coulombe et al., 1982), and its structure has two forms, A (Ro) and B,
both of which are produced from the biological reduction of AFB,;. AFL
A is 18 times less toxic than AFB; in the duckling biliary hyperplasia
assay, and the biological activity of AFL B is unknown (Schoenhard
etal., 1981; Peraica et al., 1999). AFL is the major metabolite of AFB; in
many plants and animals, and it has been detected in milk (Carvajal
et al., 2003b; Detroy and Hesseltine, 1968; Cole and Cox, 1981; Hsieh,
1983), fermented dairy products (Megalla and Mohran, 1984), cereals
and nuts (Saito et al., 1984), eggs (Trucksess et al., 1983), blood (Wong
and Hsieh, 1978a,b; Kumagai et al., 1983), human brain (Oyelami
et al., 1995), the sera and liver of humans with kwashiorkor and mar-
asmic kwashiorkor in Ghana and Nigeria (Apeagyei et al., 1986;
Hendrickse et al., 1989; De Vries et al., 1990; Oyelami et al., 1998),
human urine (Lovelace et al., 1982), urine of heroin addicts
(Hendrickse et al., 1989), a breast-fed infant with neonatal hepatitis
(Coulter et al., 1986), the muscle of broiler chickens fed with con-
taminated diets (Fernandez et al., 1994), and poultry fed chronic low
doses of mycotoxins with the liver having the highest levels (Micco
et al., 1988). AFB; and the AFM; and AFL hydroxylated metabolites
accumulate in the tissues and urine of calves (Van der Linde et al.,

Table 1

Validation parameters, including limit of detection (LOD), retention time,
coefficient of determination R? and recovery percentage, of aflatoxins and hy-
droxylates in industrialized Oaxaca cheese.

Aflatoxin  LOD (ng Linearity (Calibration Curves) Recovery percentage
g™h

Retention time R?

(minutes)
AFB; 0.01 7.085-8.849 0.9986 97%
AFB, 0.02 17.452-20.228 0.9988 95%
AFG, 0.05 5.722-5.876 0.9626 93%
AFG, 0.05 11.215-14.513 0.9946 96%
AFM, 0.01 8.514-9.549 0.9834 95%
AFM, 0.05 20.208-22.447 0.9946 97%
AFP, 0.05 15.563-19.318 0.9960 95%
AFL 0.01 3.032-5.569 0.9978 98%

LOD = Limit of detection; R? = Coefficient of determination.
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Table 2
Averages of triplicate counts of reported and unreported aflatoxins in industrial Oaxaca-type cheeses of Mexico City.
Oaxaca cheese trademark samples Basic Aflatoxins Hydroxylated aflatoxins AFt
AFB, AFB, AFG, AFG, AFM, AFM, AFP, AFL
1 0 0 2.6 2.3 5.0 0 0 0 9.9
2 0 0 0 0 0 0 0 7.2 7.2
3 0 0 0 0 0 0 0 6.3 6.3
4 0 0 0 0 0 0 0 6.2 6.2
5 0.04 0 0 0 0 0 0 8.8 8.8
6 0 0 0 0 2.8 0 0 11.2 14.0
7 0 0.3 0 2.5 3.7 0 0 13.9 20.4
8 0.3 0 0 0 3.5 0 0 11.8 15.6
9 0 0 0 3.1 3.8 0 0 19.1 26.0
10 0 0 0 0.9 4.4 0 0 21.5 26.8
11 0 0 0 0 3.8 0 0 25.5 29.3
12 0 0 0 4.1 1.3 0 0 189 24.3
13 0.5 0 0 0.8 1.4 0 0 16.2 189
14 0 0 0.03 0 0 0 0 8.6 8.6
15 0.3 0 0.1 0 1.4 0 0 11.2 13.0
16 0 0 0 0 0 0 0 5.7 5.7
17 0 0 0 0 0 0 0 3.2 3.2
18 0 0 0 0 3.9 0 0 22.0 25.9
19 0.1 0 0 0.9 1.2 0 0.8 16.2 19.2
20 0 0 0 2.6 0 0 0 21.2 23.8
21 0 0 0 0.9 3.8 0 0 7.1 11.8
22 0.1 0 0 0 3.6 0 0 19.3 23.0
23 0 0 0 0 0 0 0 22.3 22.3
24 0 0 0 0 3.8 0 0 24.9 28.7
25 0 0 0 0 1.2 0 0 23.2 24.4
26 0 0 0 0 3.6 0 0 5.1 8.7
27 0 0 0 0 0 0 0 6.5 6.5
28 0 0 0 0 0 0 0 8.8 8.8
29 0 0 0 0 0 0 0 9.5 9.5
30 0 0 0 0 0 0 0 11.0 11.0
Aflatoxin average 0.1 0.01 0.14 0.6 1.7 0 0.03 13.1 15.6

AFt = Total Aflatoxins.

1964; Sabino et al., 1995). AFL-DNA adducts produced in vivo are
identical to those produced by AFB; and have similar molecular dosi-
metry responses and toxicity to the target organ (Bailey et al., 1998).
AFL is a more potent toxin than AFM;, which can reconvert with
AFM;, becoming AFL M; (Bailey et al., 1994). AFL-induced hepato-
cellular carcinomas in rats and fish have a lower tumor incidence than
those induced by AFB; (IARC, 1997). There is an interconversion of
AFB, and AFL mediated by intracellular enzymes in rat blood (Chang
et al., 1985), guinea pigs (Liu et al., 1993) and sharks, which reconvert
30% of AFL to AFB, (Troxel et al., 1997a,b; Bodine et al., 1989), as well
as cultured human epidermal cells (Walsh et al., 1992). AFL converts
into AFB;, which is the most carcinogenic and toxic of all AFs
(Nakazato et al., 1990). AFL is oxidized readily back to AFBy, so it can
serve as a ‘reservoir’ for AFB; in vivo, thereby prolonging the effective
lifetime in the body (Wong and Hsieh, 1980a,b). If pH has a role in the
AFB;-AFL interconversion, it could act in the normal human digestion

of milk where pepsin lowers the pH. The genotoxicity of AFM; has been
demonstrated, and the carcinogenic potency of AFM; is 2-10% weaker
than that of AFB, (FSCJ, 2013). AFM; contamination was the second
highest with an average of 1.7 ugkg™! in 57% of Oaxaca-type in-
dustrialized cheese samples (Table 2), which was consistent with the
results obtained for other types of cheese, such as cream cheese
(Prandini et al., 2009), white pickled cheese (Oruc et al., 2006), sheep
curd (Battacone et al., 2005), Grana Padano cheese (Manetta et al.,
2009), parmesan (Pietri et al., 2016), Turkish kashar cheese (Tekinsen
and Eken, 2008), and Serbian hard cheese (Skrbi¢ et al., 2015). No
AFM, contamination was found in the tested industrialized cheeses.
There have been several studies (Chopra et al., 1999) on carryover from
cows fed AFB;-contaminated rations to AFM; in milk showing that the
degree of toxicity and carcinogenicity of AFs is B1 > G1 > B2 > G2.

Table 3
Differences in Aflatoxins between the artisanal cheese from Veracruz and the industrialized Oaxaca cheeses from Mexico City.
Origin in Veracruz sample AFB, AFB, AFG;, AFG, AFM; AFM, AFP, AFL AFt
Average of AFs in 30 artisanal Oaxaca cheeses in Veracruz® 11.2 0.02 < LOD 0.03 0.2 3.0 0.2 0.1 19.1 33.9
Average of AFs in 30 industrialized Oaxaca cheeses in Mexico City 0.1 0.01 0.1 0.6 1.7 0 0.03 13.1 15.7
Difference between artisanal and industrialized cheeses 1.1 0.01 - 0.07 -0.4 1.3 0.2 0.07 6.0 18.2
< LOD

> AFt = Total Aflatoxins.
@ Data from Vargas-Ortiz et al. (2017).
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Fig. 2. Frequency and type of aflatoxins in the industrial Oaxaca cheese samples of Mexico City. There was no sample with AFM,.

3.2. Statistical analysis greater than zero were all different from zero and all equal among
themselves. These differences were not significant when using

There were statistically significant differences in all the aflatoxins. Bonferroni correction (Table 4).
For AFB,, AFB,, AFG,;, AFM,, AFP;, and AFL, the levels of aflatoxin For AFG,, the results were similar. In the Covadonga trademark
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360 nm; H) Sample 19 with AFL, AFG, and AFP; Em 450 nm Exc 360 nm.

cheese, however, AFG, was not different from zero although different
from all the samples that had any trace of this aflatoxin.

In the comparison of all the samples of artisanal cheese to the in-
dustrial cheese, there were no significant differences, except for AFB,,
where the levels in the artisanal cheese were greater. With regard to
AFM,, industrial cheese did not have any traces of this hydroxylated
metabolized AF.

Therefore, the Food Safety Commission of Japan in 2013 (FSCJ,
2013) concluded that AFB; present in animal feed is extremely unlikely
to affect the health of humans who have consumed contaminated milk
or other livestock products. However, AF and the hydroxylated meta-
bolites are also genotoxic carcinogens and are more likely to be found
in livestock products, so AFB; contamination in feed and AFM;

contamination in milk need to be reduced as much as possible. The
intake of milk per 1 kg of body weight is higher in infants than in other
age groups (FSCJ, 2013), suggesting that AFL in milk might still be a
health hazard, particularly for infants whose staple diet is milk-based.

Risk assessment parameters for AFB;, AFL and AFM; have been
compared. The virtually safe dose for AFL is 1.7 times higher than that
for AFB;. The incidence of hepatocellular carcinoma in rats and fish
dosed with AFL is lower than that in animals treated with AFB,; at the
same dosage (Kuiper-Goodman, 1990).

AFM; was the second most abundant AF after AFL. AFM; is classi-
fied as Group 2B as possibly carcinogenic to humans (IARC, 1997).
AFM; has been found in Mexican milk (Carvajal et al., 2003a), so its
presence in cheese was expected where most AFs were metabolized to



M. Carvajal-Moreno et al.

Table 4

Kruskal Wallis Statistical analysis, Chi square and p values of the eight afla-
toxins, four basic aflatoxins (AFB;, AFB,, AFG;, AFG,) and four hydroxylated
metabolites (AFM;, AFM,, AFP,, AFL), found in the industrialized Oaxaca
cheese samples.

Aflatoxins Kruskal Wallis statistics p-value
Chi-square (29)

AFB; 88.946 < 0.001
AFB, 88.970 < 0.001
AFG,q 81.908 < 0.001
AFG, 85.684 < 0.001
AFM; 86.581 < 0.001
AFM, - -

AFP, 88.970 < 0.001
AFL 87.905 < 0.001
AFt 87.745 < 0.001

AFL. AFB, is present in milk at trace levels (0.05ugL ™' to 0.42pugL™")
in 5.2% of 290 samples tested (Carvajal et al., 2003a) and is not con-
sidered a health risk, but cheese had more concentrated amounts
(0.04-49.2 ug kg~ 1) with an average of 11.2 ugkg ™! in the 30 samples
of artisanal cheese analyzed before, and can be considered a health risk
(Herndndez-Camarillo, 2016a,c).

The AFP; hydroxylated metabolyte was present in trace amounts in
one sample. Together with AFL, AFP; is not considered as tox-
icologically important in many countries. Polish and European Union
legislations (Commission Regulation No. 152/98) agree that all food
should be free from AF (Postupolski et al., 1999).

Oltipraz reduces AFB; adduct biomarkers (Li et al., 2000) and in-
hibits AFM; production by bovine hepatocytes (Kuilman et al., 2000),
so it can be used to lower the risk related to cheese consumption. It is
necessary to balance the availability of cheese in relation to the health
risk, not only for cancer but also for other diseases, such as immune
suppression, hepatitis and cirrhosis. Therefore, mycotoxin regulation is
difficult and incomplete.

AFs are recurrent and occasionally unavoidable contaminants of
milk and cheese, and their thermal stability invalidate both pasteur-
ization and ultrapasteurization as effective control methods. The best
control strategy is to keep raw materials and feed under obligatory
mycotoxin regulation. In the case of cheese, it is recommended not to
add maize flour during the manufacturing process.

Although the legislation regarding maximum tolerance levels has
attempted to decrease the level of AFM; contamination in cheeses and
there is no direct evidence of human toxicity resulting from the con-
sumption of cheese contaminated with AFs, the problem of ingesting
AFB; and AFL is still present mainly in artisanal, more than in the in-
dustrialized Oaxaca cheeses.

3.3. Risk assessment

The risk assessment taken from the equation presented in Methods
shows:

3 x 0.25 + 0.01 x 0.75

Average potency = 0.0825 cancers per year per 100,000 in-
habitants per ng AFB; kg ™' body weight day ~*. In Table 5 we have the
Exposure and the liver cancer risk, that in the industrialized cheese did
not reach the value of 1, showing that they represent no substantial risk
for cancer, except for AFL that had an average of exposure of 3.77. In
the case of the consumption of artisanal cheese, we found previously
(Hernandez-Camarillo, 2016a,c), that the risk assessment revealed that
the population at higher risk to AFM; and AFM, was children, followed
by the adolescents and adult women.

The AFB; contamination in industrialized Oaxaca cheese re-
presented no substantial risk for liver cancer. On the other side
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aflatoxicol (AFL) is much higher in the samples, although AFB;, AFM;
and AFL in industrialized cheese still had values lower than 1. In the
93.3% of the samples of industrialized Oaxaca the contamination level
due to AFB; and AFM; is of no concern, then the exposure is not im-
portant as well (FAO-WHO, 2004). Without exposure there is no sub-
stantial risk. Nevertheless, in the same samples AFL is present with low
risk values. Therefore, the industrialized Oaxaca cheese consumption
represents a no substantial risk to promote the hepatocarcinoma for-
mation. The conclusion of the present research is that both artisanal
and industrialized Oaxaca cheeses have aflatoxins, but the quantities
have different risks, the ingestion of artisanal cheese is a risk for cancer,
but the ingestion of industrialized Oaxaca cheese represents a no sub-
stantial risk.
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Table 5

Dietary exposure of aflatoxins (AFB;, AFL and AFM,) in industrialized Oaxaca
cheese consumed by Mexican population. Risk assessment assumes an adult
body weight of 71.75 kg.

Trademarks of Exposure: ng kg ™' body Liver cancer risk/100,000

industrialized Oaxaca weight per day inhabitants®
cheese

Bl AFL M1 Bl AFL M1
1 0.00 0.00 0.74 0.00 0.00 0.01
2 0.00 1.07 0.00 0.00 0.09 0.00
3 0.00 0.94 0.00 0.00 0.08 0.00
4 0.00 0.92 0.00 0.00 0.08 0.00
5 0.01 1.31 0.00 0.00 0.11 0.00
6 0.00 1.67 0.37 0.00 0.14 0.00
7 0.00 2.06 0.56 0.00 0.17 0.00
8 0.05 1.76 0.37 0.00 0.15 0.00
9 0.00 2.90 0.57 0.00 0.24 0.00
10 0.00 3.19 0.66 0.00 0.26 0.01
11 0.07 3.79 0.47 0.01 0.31 0.00
12 0.00 2.73 0.19 0.00 0.22 0.00
13 0.07 2.41 0.20 0.01 0.20 0.00
14 0.00 1.29 0.00 0.00 0.11 0.00
15 0.05 1.62 0.18 0.00 0.13 0.00
16 0.00 0.85 0.00 0.00 0.07 0.00
17 0.00 0.48 0.00 0.00 0.04 0.00
18 0.00 3.28 0.57 0.00 0.27 0.00
19 0.02 2.48 0.19 0.00 0.20 0.00
20 0.00 3.15 0.00 0.00 0.26 0.00
21 0.00 1.05 0.57 0.00 0.09 0.00
22 0.01 2.88 0.38 0.00 0.24 0.00
23 0.00 3.31 0.00 0.00 0.27 0.00
24 0.00 3.71 0.57 0.00 0.31 0.00
25 0.00 3.45 0.19 0.00 0.28 0.00
26 0.00 0.71 0.37 0.00 0.06 0.00
27 0.00 1.01 0.00 0.00 0.08 0.00
28 0.00 1.29 0.00 0.00 0.11 0.00
29 0.00 1.42 0.00 0.00 0.12 0.00
30 0.00 1.65 0.00 0.00 0.14 0.00
Average 0.02 3.77 0.46 0.001 0.31 0.001




M. Carvajal-Moreno et al.

Arévalo for library information.
Transparency document

Transparency document related to this article can be found online at
https://doi.org/10.1016/j.fct.2018.11.046.

References

Aguilar-Uscanga, B.R., Montero-Lagunes, M., De la Cruz, J., Solis-Pacheco, J.R., Garcia,
H.S., 2006. Using fermented cheese whey to reduce acidification time of Oaxaca
cheese. Agrociencia 40, 569-575. http://agris.fao.org/agris-search/search.do?
recordID =US201301111854.

Akiyama, H., Goda, Y., Tanaka, T., Toyoda, M., 2001. Determination of aflatoxins B;, B,
G; and G; in spices using a multifunctional column clean-up. J. Chromatogr. A 932,
153-157. https://www.ncbi.nlm.nih.gov/pubmed/11695861.

AOAC, Association of Official Analytical Chemists, 2006. Natural toxins. In: Horwitz, W.,
Latimer Jr.G.W., Trucksess, M.W. (Eds.), Official Methods of Analysis of AOAC
International, eighteenth ed. AOAC International, Gaithersburg (MD, pp. 1-51.
http://documents.mx/documents/aoac-2005.html.

Apeagyei, F., Lamplugh, S.M., Hendrickse, R.G., Affram, K., Lucas, S., 1986. Aflatoxins in
the livers of children with kwashiorkor from Ghana. Trop. Geogr. Med. 38, 273-276.
http://europepmc.org/abstract/med/3092419.

Bailey, G.S., Loveland, P.M., Pereira, C., Pierce, D., Hendricks, J.D., Groopman, J.D.,
1994. Quantitative carcinogenesis and dosimetry in rainbow trout for aflatoxin B;
and aflatoxicol, two aflatoxins that form the same DNA adduct. Mutat. Res. 313,
25-38. https://www.ncbi.nlm.nih.gov/pubmed/7519308.

Bailey, G.S., Dashwood, R., Loveland, P.M., Pereira, C., Hendricks, J.D., 1998. Molecular
dosimetry in fish: quantitative target organ DNA adduction and hepatocarcinogeni-
city for four aflatoxins by two exposure routes in rainbow trout. Mutat. Res. 399,
233-244. https://www.ncbi.nlm.nih.gov/pubmed/9672662.

Battacone, G., Nudda, A., Palomba, M., Pascale, M., Nicolussi, P., Pulina, G., 2005.
Transfer of aflatoxin B; from feed to milk and from milk to curd and whey in dairy
sheep fed artificially contaminated concentrates. J. Dairy Sci. 88, 3063-3069.
https://doi.org/10.3168/jds.S0022-0302(05)72987-8.

Bennett, J.W., Chang, P.-K., Bhatnagar, D., 1997. One gene to whole pathway: the role of
norsolorinic acid in aflatoxin research. Adv. Appl. Microbiol. 45, 1-15. https://books.
google.com.mx/books?hl = es&Ir = &id = 0bLnliiUIPsC&oi = fnd&pg = PA1&dq =
Bennett +JW, + Chang + P-K, + Bhatnagar + D + (1997) + One + gene + to + whole
+ pathway: + The + role + of + norsolorinic + acid + in + aflatoxin + research. + Adv
+ Appl + Microbiol + 45:1%E2%80%9315.&ots = ua9Y9ca64m&sig =
VyqxsN6L5hbAOLy_Nbcthv_Oe-c#v = onepage&q&f = false.

Bodine, A.B., Luer, C.A., Gangjee, S.A., Walsh, C.J., 1989. In vitro metabolism of the ro-
carcinogen aflatoxin B, by liver preparations of the calf, nurse shark and clearnose
skate. Comp. Biochem. Physiol. 94C, 447-453. https://doi.org/10.1016/0742-
8413(89)90096-0.

Brackett, R.E., Marth, E.H., 1982. Association of aflatoxin M; with casein. Z. Lebensm.
Unters. Forsch. 174, 439-441. https://doi.org/10.1007/BF01042721. http://link.
springer.com/article/10.1007/BF01042721.

CANAIVE, 2012. Camara Nacional de la Industria del Vestido. ¢{Cudnto mide México?.
México. https://www.informador.mx/Economia/La-industria-del-vestido-genera-el-
prototipo-del-mexicano-20120731-0248.html.

Carvajal, M., Bolanos, A., Rojo, F., Méndez, 1., 2003a. Aflatoxin M; in pasteurized and
ultrapasteurized milk with different fat content in Mexico. J. Food Protect. 66,
1885-1892. http://www.ingentaconnect.com/content/iafp/jfp/2003,/00000066/
00000010/art00021.

Carvajal, M., Rojo, F., Méndez, 1., Bolafios, A., 2003b. Aflatoxin B, and its interconverting
metabolite Aflatoxicol in milk. Situation in Mexico. Food Addit. Contam. 20,
1077-1086. http://www.tandfonline.com/doi/abs/10.1080/
02652030310001594478.

CDIC, Canadian Dairy Information Centre, 2016. International Dairy Federation and
Statistics Canada. CDIC. http://www.dairyinfo.gc.ca/index_e.php?sl = dff-fcil&s2 =
cons&s3 = consglo&s4 = tc-ft, Accessed date: 11 October 2017.

CDIC, Canadian Dairy Information Centre, 2018. Canadian Dairy Information Centre:
Global cheese consumption (Kg per capita). Available from: website: (accessed
march 2018). http://www.dairyinfo.gc.ca.

Chang, W.M,, Lin, J.K., Wu, K.C., Hsiung, K.P., 1985. In vitro interconversion of aflatoxin
B, and aflatoxicol by rat erythrocytes. Biochem. Pharmacol. 34, 2566-2569. http://
www.sciencedirect.com/science/article/pii/0006295285905465.

Chopra, R.C., Chabra, A., Prasad, K.S.N., Dudhe, A., Murthy, T.N., Prasad, T., 1999.
Carryover of Aflatoxin M; in milk of cows fed aflatoxin B; contaminated ration.
Indian J. Anim. Nutr. 16, 78-85. http://www.indianjournals.com/ijor.aspx?target =
ijor:ijan&volume = 16&issue = 2&article = 003.

Cole, R.J., Cox, R.H., 1981. Handbook of Toxic Fungal Metabolites. NY Acad. Press, USA.
https://www.cabdirect.org/cabdirect/abstract/19821383246.

Coulombe, R.A., Shelton, D.W., Sinnhuber, R.O., Nixon, J.E., 1982. Comparative muta-
genicity of aflatoxins using a Salmonella/trout hepatic enzyme activation system.
Carcinogenesis 3, 1261-1264. https://academic.oup.com/carcin/article-abstract/3/
11/1261/2391085/Comparative-mutagenicity-of-aflatoxins-using-a.

Coulter, J.B.S., Hendrickse, R.G., Lamplugh, S.M., MacFarlane, S.B., Moody, J.B., Omer,
M.LA., Suliman, G.I., Williams, T.E., 1986. Kwashiorkor —clinical studies in
Sudanese children. Trans. R. Soc. Trop. Med. Hyg. 35, 360-365. http://www.
sciencedirect.com/science/article/pii/003592038690266X.

Food and Chemical Toxicology 124 (2019) 128-138

Creppy, E.E., 2002. Update of survey, regulation and toxic effects of mycotoxins in
Europe. Toxicol. Lett. 127, 19-28. http://www.sciencedirect.com/science/article/
pii/S0378427401004799.

Cruz-Rueda, V., 2016. Curso de Validaciéon de Métodos Analiticos. Centro de Capacitacién
RH. World SA de CV. www.rhworld.com.mx. clientes@rhworld.com.mx.

De Oca-Flores, E.M., Castelan-Ortega, O.A., Estrada-Flores, J.G., Espinoza-Ortega, A.,
2009. Oaxaca cheese: manufacture process and physicochemical characteristics. Int.
J. Dairy Technol. 62, 535-540. https://doi.org/10.1111/j.1471-0307.2009.00533.x.
http://onlinelibrary.wiley.com/doi/10.1111/j.1471-0307.2009.00533.x/full.

De Vries, H.R., Maxwell, S.M., Hendrickse, R.G., 1990. Aflatoxin excretion in children
with kwashiorkor or marasmic kwashiorkor-A clinical investigation. Mycopathologia
110, 1-9. http://link.springer.com/article/10.1007/BF00442763.

Detroy, R.W., Hesseltine, C.W., 1968. Isolation and biological activity of a microbial
conversion product of aflatoxin B;. Nature 219, 967. http://adsabs.harvard.edu/abs/
1968Natur.219..967D.

Detroy, R.W., Hesseltine, C.W., 1970. Structure of a new transformation product of
aflatoxin B;. Can. J. Biochem. Physiol. 48, 830-832. http://www.nrcresearchpress.
com/doi/abs/10.1139/070-130?journalCode = cjbio#. WJKFgIPhCls.

Deveci, O., 2007. Change in the concentration of aflatoxin M; during manufacture and
storage of white pickled cheese. Food Contr. 18, 1103-1107. http://www.
sciencedirect.com/science/article/pii/S0956713506001903.

El Khoury, A., Atoui, A., Yaghi, J., 2011. Analysis of aflatoxin M; in milk and yogurt and
AFM; reduction by lactic acid bacteria used in Lebanese industry. Food Contr. 22,
1695-1699. http://www.sciencedirect.com/science/article/pii/
$0956713511001289.

FAO-WHO, 2004. FAO/WHO Regional Conference on Food Safety for Asia and Pacific.
Aflatoxin Contamination in Foods and Feeds in the Philippines. Seremban, Malaysia,
24-27 May 2004. Available in: http://www.fao.org/docrep/meeting/006/ad729¢/
ad729e00.htm.

Fernandez, A., Verde, M.T., Gasc6n, M., Ramos, J.J., Gémez, J., 1994. Aflatoxin and its
metabolites in tissues from laying hens and broiler chickens fed a contaminated diet.
J. Sci. Food Agric. 65, 407-414. http://www.sciencedirect.com/science/article/pii/
003592038690266X.

FSCJ, Food Safety Commission of Japan, 2013. Food safety. Off. J. Food Safety Comm. 1
(1), 2-11. https://www.fsc.go.jp/english/topics/fsc_journal el.html, Accessed date:
20 November 2013.

Garcia, M.A., Sober6n, E., Cortés, M., Rodriguez, R., Herrera, J., 2002. In: Colegio
Nacional de, Q.F.B., México, A.C., México, D.F. (Eds.), Guia de validacién de métodos
analiticos, . http://farmanalisis.net/Documentos/Gu%C3%ADa%20para
%20Validaci%C3%B3n%20de%20M%C3%A9todos%20Anal%C3%ADticos-CNQFB
%202002.pdf.

Gonzélez-Cérdova, A.F., Yescas, C., Ortiz-Estrada, A.M., De la Rosa-Alcaraz, M.A.,
Herndndez-Mendoza, A., Vallejo-Cérdoba, B., 2016. Invited review: artisanal
Mexican cheeses. J. Dairy Sci. 99, 3250-3262. https://doi.org/10.3168/jds.2015-
10103.

Hayes, J.R., Polan, C.E., Campbell, T.C., 1977. Bovine liver metabolism and tissue dis-
tribution of aflatoxin B;. J. Agric. Food Chem. 25, 1189-1193. https://doi.org/10.
1021/jf60213a042. http://pubs.acs.org/doi/abs/10.1021/jf60213a042?
journalCode = jafcau.

Hendrickse, R.G., Maxwell, S.M., Young, R., 1989. Aflatoxins and heroin. Proceedings of
the International Symposium on Agricultural and Biological aspects of aflatoxin re-
lated health hazards. J. Toxicol. Toxin Rev. 8, 89-94. http://europepmc.org/
abstract/med/3092419.

Hernandez-Camarillo, E., 2016a. Riesgo a la Salud del Consumidor por la contaminacién,
de Plaguicidas Organoclorados y Aflatoxinas, en quesos, fresco y Oaxaca, de la
Ciudad de Veracruz. Tesis de Doctorado. Instituto Tecnolégico de Veracruz, México,
pp. 1-109.

Hernandez-Camarillo, E., 2016¢. Contamination of Organchlorate Plaguicides and
Aflatoxins in Fresh and Oaxaca Cheeses and Health Risk to the Consumer of the City
of Veracruz. PhD Thesis. Technological Institute of Veracruz, Mexico, pp. 1-109.

Hernédndez-Camarillo, E., Ramirez-Martinez, A., Vargas-Ortiz, M., Wesolek, N.,
Rodriguez-Jimenes, G.C., Salgado-Cervantes, M.A., Roudot, A.-C., Carvajal-Moreno,
M., Robles-Olvera, V., 2016b. Consumption data for the main cheeses (Mexican-style
Fresh and Oaxaca) for dietary exposure assessment among the population of Veracruz
City, Mexico. J. Adv. Dairy Res. 4, 1000164. https://www.researchgate.net/profile/
Alain-Claude_Roudot/publication/309352483_Consumption_Data_for_the Main_
Cheeses_Mexican-Style Fresh_and_Oaxaca_for Dietary_Exposure_Assessment_among_
the_Population_of Veracruz_City Mexico/links/580a88fe08ae74852b530597.pdf.

Hervas, A., 2012. El mercado del queso en México. Oficina Econémica y Comercial de la
Embajada de Espana en México. http://www.ivace.es/Internacional_Informes-
Publicaciones/Pa%C3%ADses/M%C3%A9xico/M%C3%89XICOQUESOICEX2012 .
pdf.

Hsieh, D.P.H., 1983. Metabolism and transmission of mycotoxins. In: Proc. Intern. Symp.
Mycotoxins, Cairo, Egypt, pp. 151-165. https://scholar.google.com.mx/scholar?q=
Hsieh + DPH + %281983%29 + Metabolism + and + transmission + of + mycotoxins.
+Proc + of + the + Intern + Symp + on + Mycotoxins + %28Cairo%2C + Egypt%29%
2C+ pp. +151%E2%80%93165.&btnG = &hl = es&as_sdt = 0%2C5.

IARC, International Agency for Research on Cancer, 1997. Naturally Occurring Aflatoxins
(Group 1), Aflatoxin M1 (Group 2B) 08/21/1997. Monographs on the Evaluation of
Carcinogenic Risks to Humans. Some Naturally Occurring Substances: Food Items and
Constituents, Heterocyclic Aromatic Amines and Mycotoxins, vol. 56 5.1-5.5, Lyon
France. http://monographs.iarc.fr/ENG/Monographs/vol56/volume56.pdf.

IARC, International Agency for the Research of Cancer, 2002. Overall Evaluations of
Carcinogenicity: an Updating of IARC Expert Committee. WHO, Lyon, France, pp.
171. Monograph 82. https://monographs.iarc.fr/ENG/Monographs/vol82/mono82.
pdf.


https://doi.org/10.1016/j.fct.2018.11.046
http://agris.fao.org/agris-search/search.do?recordID=US201301111854
http://agris.fao.org/agris-search/search.do?recordID=US201301111854
https://www.ncbi.nlm.nih.gov/pubmed/11695861
http://documents.mx/documents/aoac-2005.html
http://europepmc.org/abstract/med/3092419
https://www.ncbi.nlm.nih.gov/pubmed/7519308
https://www.ncbi.nlm.nih.gov/pubmed/9672662
https://doi.org/10.3168/jds.S0022-0302(05)72987-8
https://books.google.com.mx/books?hl=es&lr=&id=0bLnIiiUIPsC&oi=fnd&pg=PA1&dq=Bennett+W,+hang+-K,+hatnagar++1997)+neene+o+holethway:+he+oleforsoloriniccidnflatoxin+esearch.+dv+ppl+icrobiol+1%E2%80%9315.&ots=ua9Y9ca64m&sig=VyqxsN
https://books.google.com.mx/books?hl=es&lr=&id=0bLnIiiUIPsC&oi=fnd&pg=PA1&dq=Bennett+W,+hang+-K,+hatnagar++1997)+neene+o+holethway:+he+oleforsoloriniccidnflatoxin+esearch.+dv+ppl+icrobiol+1%E2%80%9315.&ots=ua9Y9ca64m&sig=VyqxsN
https://books.google.com.mx/books?hl=es&lr=&id=0bLnIiiUIPsC&oi=fnd&pg=PA1&dq=Bennett+W,+hang+-K,+hatnagar++1997)+neene+o+holethway:+he+oleforsoloriniccidnflatoxin+esearch.+dv+ppl+icrobiol+1%E2%80%9315.&ots=ua9Y9ca64m&sig=VyqxsN
https://books.google.com.mx/books?hl=es&lr=&id=0bLnIiiUIPsC&oi=fnd&pg=PA1&dq=Bennett+W,+hang+-K,+hatnagar++1997)+neene+o+holethway:+he+oleforsoloriniccidnflatoxin+esearch.+dv+ppl+icrobiol+1%E2%80%9315.&ots=ua9Y9ca64m&sig=VyqxsN
https://books.google.com.mx/books?hl=es&lr=&id=0bLnIiiUIPsC&oi=fnd&pg=PA1&dq=Bennett+W,+hang+-K,+hatnagar++1997)+neene+o+holethway:+he+oleforsoloriniccidnflatoxin+esearch.+dv+ppl+icrobiol+1%E2%80%9315.&ots=ua9Y9ca64m&sig=VyqxsN
https://books.google.com.mx/books?hl=es&lr=&id=0bLnIiiUIPsC&oi=fnd&pg=PA1&dq=Bennett+W,+hang+-K,+hatnagar++1997)+neene+o+holethway:+he+oleforsoloriniccidnflatoxin+esearch.+dv+ppl+icrobiol+1%E2%80%9315.&ots=ua9Y9ca64m&sig=VyqxsN
https://doi.org/10.1016/0742-8413(89)90096-0
https://doi.org/10.1016/0742-8413(89)90096-0
https://doi.org/10.1007/BF01042721
http://link.springer.com/article/10.1007/BF01042721
https://www.informador.mx/Economia/La-industria-del-vestido-genera-el-prototipo-del-mexicano-20120731-0248.html
https://www.informador.mx/Economia/La-industria-del-vestido-genera-el-prototipo-del-mexicano-20120731-0248.html
http://www.ingentaconnect.com/content/iafp/jfp/2003/00000066/00000010/art00021
http://www.ingentaconnect.com/content/iafp/jfp/2003/00000066/00000010/art00021
http://www.tandfonline.com/doi/abs/10.1080/02652030310001594478
http://www.tandfonline.com/doi/abs/10.1080/02652030310001594478
http://www.dairyinfo.gc.ca/index_e.php?s1=dff-fcil&s2=cons&s3=consglo&s4=tc-ft
http://www.dairyinfo.gc.ca/index_e.php?s1=dff-fcil&s2=cons&s3=consglo&s4=tc-ft
http://www.dairyinfo.gc.ca
http://www.sciencedirect.com/science/article/pii/0006295285905465
http://www.sciencedirect.com/science/article/pii/0006295285905465
http://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=16&issue=2&article=003
http://www.indianjournals.com/ijor.aspx?target=ijor:ijan&volume=16&issue=2&article=003
https://www.cabdirect.org/cabdirect/abstract/19821383246
https://academic.oup.com/carcin/article-abstract/3/11/1261/2391085/Comparative-mutagenicity-of-aflatoxins-using-a
https://academic.oup.com/carcin/article-abstract/3/11/1261/2391085/Comparative-mutagenicity-of-aflatoxins-using-a
http://www.sciencedirect.com/science/article/pii/003592038690266X
http://www.sciencedirect.com/science/article/pii/003592038690266X
http://www.sciencedirect.com/science/article/pii/S0378427401004799
http://www.sciencedirect.com/science/article/pii/S0378427401004799
http://www.rhworld.com.mx
mailto:clientes@rhworld.com.mx
https://doi.org/10.1111/j.1471-0307.2009.00533.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1471-0307.2009.00533.x/full
http://link.springer.com/article/10.1007/BF00442763
http://adsabs.harvard.edu/abs/1968Natur.219..967D
http://adsabs.harvard.edu/abs/1968Natur.219..967D
http://www.nrcresearchpress.com/doi/abs/10.1139/o70-130?journalCode=cjbio#.WJKFglPhC1s
http://www.nrcresearchpress.com/doi/abs/10.1139/o70-130?journalCode=cjbio#.WJKFglPhC1s
http://www.sciencedirect.com/science/article/pii/S0956713506001903
http://www.sciencedirect.com/science/article/pii/S0956713506001903
http://www.sciencedirect.com/science/article/pii/S0956713511001289
http://www.sciencedirect.com/science/article/pii/S0956713511001289
http://www.fao.org/docrep/meeting/006/ad729e/ad729e00.htm
http://www.fao.org/docrep/meeting/006/ad729e/ad729e00.htm
http://www.sciencedirect.com/science/article/pii/003592038690266X
http://www.sciencedirect.com/science/article/pii/003592038690266X
https://www.fsc.go.jp/english/topics/fsc_journal_e1.html
http://farmanalisis.net/Documentos/Gu%C3%ADa%20para%20Validaci%C3%B3n%20de%20M%C3%A9todos%20Anal%C3%ADticos-CNQFB%202002.pdf
http://farmanalisis.net/Documentos/Gu%C3%ADa%20para%20Validaci%C3%B3n%20de%20M%C3%A9todos%20Anal%C3%ADticos-CNQFB%202002.pdf
http://farmanalisis.net/Documentos/Gu%C3%ADa%20para%20Validaci%C3%B3n%20de%20M%C3%A9todos%20Anal%C3%ADticos-CNQFB%202002.pdf
https://doi.org/10.3168/jds.2015-10103
https://doi.org/10.3168/jds.2015-10103
https://doi.org/10.1021/jf60213a042
https://doi.org/10.1021/jf60213a042
http://pubs.acs.org/doi/abs/10.1021/jf60213a042?journalCode=jafcau
http://europepmc.org/abstract/med/3092419
http://europepmc.org/abstract/med/3092419
http://refhub.elsevier.com/S0278-6915(18)30848-2/sref36
http://refhub.elsevier.com/S0278-6915(18)30848-2/sref36
http://refhub.elsevier.com/S0278-6915(18)30848-2/sref36
http://refhub.elsevier.com/S0278-6915(18)30848-2/sref36
http://refhub.elsevier.com/S0278-6915(18)30848-2/sref37
http://refhub.elsevier.com/S0278-6915(18)30848-2/sref37
http://refhub.elsevier.com/S0278-6915(18)30848-2/sref37
https://www.researchgate.net/profile/Alain-Claude_Roudot/publication/309352483_Consumption_Data_for_the_Main_Cheeses_Mexican-Style_Fresh_and_Oaxaca_for_Dietary_Exposure_Assessment_among_the_Population_of_Veracruz_City_Mexico/links/580a88fe08ae74852b530597.pdf
https://www.researchgate.net/profile/Alain-Claude_Roudot/publication/309352483_Consumption_Data_for_the_Main_Cheeses_Mexican-Style_Fresh_and_Oaxaca_for_Dietary_Exposure_Assessment_among_the_Population_of_Veracruz_City_Mexico/links/580a88fe08ae74852b530597.pdf
https://www.researchgate.net/profile/Alain-Claude_Roudot/publication/309352483_Consumption_Data_for_the_Main_Cheeses_Mexican-Style_Fresh_and_Oaxaca_for_Dietary_Exposure_Assessment_among_the_Population_of_Veracruz_City_Mexico/links/580a88fe08ae74852b530597.pdf
https://www.researchgate.net/profile/Alain-Claude_Roudot/publication/309352483_Consumption_Data_for_the_Main_Cheeses_Mexican-Style_Fresh_and_Oaxaca_for_Dietary_Exposure_Assessment_among_the_Population_of_Veracruz_City_Mexico/links/580a88fe08ae74852b530597.pdf
http://www.ivace.es/Internacional_Informes-Publicaciones/Pa%C3%ADses/M%C3%A9xico/M%C3%89XICOQUESOICEX2012_.pdf
http://www.ivace.es/Internacional_Informes-Publicaciones/Pa%C3%ADses/M%C3%A9xico/M%C3%89XICOQUESOICEX2012_.pdf
http://www.ivace.es/Internacional_Informes-Publicaciones/Pa%C3%ADses/M%C3%A9xico/M%C3%89XICOQUESOICEX2012_.pdf
https://scholar.google.com.mx/scholar?q=Hsieh+PH+281983%29+etabolismnd+ransmissionfycotoxins.+rocf+he+ntern+ympn+ycotoxins+28Cairo%2C+gypt%29%2C+.+E2%80%93165.&btnG=&hl=es&as_sdt=0%2C5
https://scholar.google.com.mx/scholar?q=Hsieh+PH+281983%29+etabolismnd+ransmissionfycotoxins.+rocf+he+ntern+ympn+ycotoxins+28Cairo%2C+gypt%29%2C+.+E2%80%93165.&btnG=&hl=es&as_sdt=0%2C5
https://scholar.google.com.mx/scholar?q=Hsieh+PH+281983%29+etabolismnd+ransmissionfycotoxins.+rocf+he+ntern+ympn+ycotoxins+28Cairo%2C+gypt%29%2C+.+E2%80%93165.&btnG=&hl=es&as_sdt=0%2C5
https://scholar.google.com.mx/scholar?q=Hsieh+PH+281983%29+etabolismnd+ransmissionfycotoxins.+rocf+he+ntern+ympn+ycotoxins+28Cairo%2C+gypt%29%2C+.+E2%80%93165.&btnG=&hl=es&as_sdt=0%2C5
http://monographs.iarc.fr/ENG/Monographs/vol56/volume56.pdf
https://monographs.iarc.fr/ENG/Monographs/vol82/mono82.pdf
https://monographs.iarc.fr/ENG/Monographs/vol82/mono82.pdf

M. Carvajal-Moreno et al.

INEGI, Instituto Nacional de Estadistica, Geografia e Informatica, 2006. Encuesta in-
dustrial mensual. Cantidad y valor de ventas. http://www.inegi.gob.mx/est/
contenidos/espanol/sistemas/aee05/info/mex/c15_06.xls, Accessed date: 20 June
2016.

INEGI, Instituto Nacional de Estadistica, Geografia e Informatica, 2008. Encuesta in-
dustrial mensual. Cantidad y valor de produccién de los productos elaborados.
Encuestas tradicionales en establecimientos. http://www.inegi.gob.mx/prod_serv/
contenidos/espanol/bvinegi/productos/encuestas/establecimientos/eim/resumen/
pro_v2.xls, Accessed date: 10 March 2016.

JECFA, 2001. Joint FAO/WHO Expert Committee on Food Additives. Paper 47, Aflatoxin
M1. http://www.inchem.org/documents/jecfa/jecmono/v47je01.htm.

Karabulut, S., Paytakov, G., Leszczynski, J., 2014. Reduction of aflatoxin B; to aflatoxicol:
a comprehensive DFT study provides clues to its toxicity. J. Sci. Food Agric. 94,
3134-3140. http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6663/full.

Kok, W.T.H., 1994. Derivatization reactions for the determination of aflatoxins by liquid
chromatography with fluorescence detection. J. Chromatogr., B 659, 127-137.
http://www.sciencedirect.com/science/article/pii/0378434794001529.

Kuilman, M.E.M., Maas, R.F.M., Woutersen-van Nijnanten, F.M.A., Fink-Gremmels, J.,
2000. Inhibition of aflatoxin M; production by bovine hepatocytes after intervention
with Oltipraz. Vet. Quartrly. 22, 30-35. https://doi.org/10.1080/01652176.2000.
9695020.

Kuiper-Goodman, T., 1990. Uncertainties in the risk assessment of three mycotoxins:
aflatoxin, ochratoxin, and zearalenone. Can. J. Physiol. Pharmacol. 68, 1017-1024.
http://www.nrcresearchpress.com/doi/abs/10.1139/y90-155#.WJnSSm_hCls.

Kumagai, S., Nakano, N., Aibara, K., 1983. Interactions of aflatoxin B; and blood com-
ponents of various species in vitro: interconversion of aflatoxin B; and aflatoxicol in
the blood. Toxicol. Appl. Pharmacol. 67, 292-301. http://www.sciencedirect.com/
science/article/pii/0041008X83902363.

Li, Y., Su, J., Qin, L., Egner, P.A., Wang, J.-S., Groopman, J.D., Kensler, T.W., Roebuck,
B.D., 2000. Reduction of aflatoxin B1 adduct biomarkers by Oltipraz in the tree shrew
(Tupaia belangeri chinensis). Cancer Lett. 154, 79-83. https://doi.org/10.1016/
S0304-3835(00)00382-7.

Liu, L., Nakatsu, K., Massey, T.E., 1993. In vitro cytochrome P450 monooxygenase and
prostaglandin H-synthase mediated aflatoxin B, biotransformation in Guinea pig
tissues:effects of beta-naphthoflavone treatment. Arch. Toxicol. 67, 379-385. http://
link.springer.com/article/10.1007/BF01977398.

Lovelace, C.E.A., Njapau, H., Salter, L.F., Bayley, A.C., 1982. Screening method for the
detection of aflatoxin and metabolites in human urine:aflatoxins By, Gy, My, Ba,, Gaa,
aflatoxicols I and II. J. Chromatogr. 227, 256-261. http://www.sciencedirect.com/
science/article/pii/S0378434700803825.

Manetta, A.C., Giammarco, M., Di Giuseppe, L., Fusaro, I., Gramenzi, A., Formigoni, A.,
Vignola, G., Lambertini, L., 2009. Distribution of aflatoxin M; during Grana Padano
cheese production from naturally contaminated milk. Food Chem. 113, 595-599.
http://www.sciencedirect.com/science/article/pii/S0308814608009412.

Megalla, S.E., Mohran, M.A., 1984. Fate of aflatoxin B1 in fermented dairy products.
Mycopathologia 88, 27-29. http://link.springer.com/article/10.1007/BF00439291.

Micco, C., Miraglia, M., Onori, R., Brera, C., Mantovani, A.L, Ioppolo, A., Stasolla, D.,
1988. Long term administration of low doses of mycotoxins to poultry. 1. Residues of
aflatoxin B1 and its metabolites in broilers and laying hens. Food Addit. Contam. 5,
303-308. http://www.tandfonline.com/doi/abs/10.1080/02652038809373708.

Minto, R.E., Townsend, C.A., 1997. Enzymology and molecular biology of aflatoxin
biosynthesis. Chem. Rev. 97, 2537-2552. https://doi.org/10.1021/cr960032y.
http://pubs.acs.org/doi/abs/10.1021/cr960032y.

Nakazato, M., Morozumi, S., Saito, K., Fujinuma, K., Nishima, T., Kasai, N., 1990.
Interconversion of aflatoxin B; and aflatoxicol by several fungi. Appl. Environ.
Microbiol. 56, 1465-1470. http://aem.asm.org/content/56,/5/1465.short.

Nakazato, M., Morozumi, S., Saito, K., Fujinuma, K., Nishima, T., 1991. Production of
aflatoxins and aflatoxicols by Aspergillus flavus and Aspergillus parasiticus and meta-
bolism of aflatoxin B; by aflatoxin-non-producing Aspergillus flavus. Eisei Kagaku 37,
107-116. http://doi.org/10.1248/jhs1956.37.107.

NOM, Norma Oficial Mexicana NOM-243-SSA1-2010, 2010. Productos y Servicios,
férmula lactea, producto lacteo combinado y derivados lacteos. Disposiciones y
especificaciones sanitarias. Métodos de prueba. http://legismex.mty.itesm.mx/
normas/ssal/ssal243-1009.pdf.

Oruc, H.H., Cibik, R., Yilmaz, E., Kalkanli, O., 2006. Distribution and stability of Aflatoxin
M; during processing and ripening of traditional white pickled cheese. Food Addit.
Contam. 23, 190-195. http://www.tandfonline.com/doi/abs/10.1080/
02652030500389048.

Oyelami, O.A., Maxwell, S.M., Adelusola, K.A., Aladekoma, T.A., Oyelese, A.O., 1995.
Aflatoxins in the autopsy brain tissue of children in Nigeria. Mycopathologia 132,
35-38. http://link.springer.com/article/10.1007/BF01138602.

Oyelami, O.A., Maxwell, S.M., Adelusola, K.A., Aladekoma, T.A., Oyelese, A.O., 1998.
Aflatoxins in autopsy kidney specimens from children in Nigeria. J. Toxicol. Environ.
Health, Part A 55, 317-323. http://www.tandfonline.com/doi/abs/10.1080/
009841098158368.

Peraica, M., Radic, B., Lucic, A., Pavlovic, M., 1999. Toxic effects of mycotoxins in hu-
mans. Bull. W.H.O. 77, 754-766. http://www.who.int/bulletin/archives/77(9)754.
pdf?ua=1.

Pietri, A., Mulazzi, A., Piva, G., Bertuzzi, T., 2016. Fate of aflatoxin M; during production
and storage of parmesan cheese. Food Contr. 60, 478-483. http://www.sciencedirect.
com/science/article/pii/S0956713515301675.

Postupolski, J., Rybinska, K., Szczesna, M., Karlowski, K., Ledzion, E., 1999. The review of
the European Union documents relating to contamination of aflatoxins in food. Rocz.
Panstw. Zakl. Hig. 50, 57-67. http://europepmc.org/abstract/med/10474294.

Prandini, A., Fallah, A.A., Jafari, T., Fallah, A., Rahnama, M., 2009. Determination of
aflatoxin M; levels in Iranian white and cream cheese. Food Chem. Toxicol. 47,

138

Food and Chemical Toxicology 124 (2019) 128-138

1872-1875. http://www.sciencedirect.com/science/article/pii/
$0278691509002130.

PROFECO, Procuraduria federal del consumidor, 2012. Estudio de calidad, quesos
Oaxaca, consentido de la gastronomia mexicana. Revista del Consumidor, México,
pp. 38-47. junio 2012. http://red.ilce.edu.mx/sitios/tabletas/familia/Estudio_
quesos_oaxaca.pdf.

R-Biopharm Rhone Ltd, 2012. Easi-extract aflatoxin. Guia de uso para el usuario.
RP71RP70N/V12/28.06.12. pp. 3-12. Block 10 Todd Campus, West of Scotland
Science Park. Acre Road, Glasgow G20 0XA. UK. https://www.google.com.mx/
webhp?sourceid = chrome-instant&ion = 1&espv = 2&ie = UTF-8#q = R-Biopharm
+Rhone +Ltd. +2012. + Easi-extract + aflatoxin. + Gu%C3%Ada +de +uso + para
+ el + usarioRP71RP70N%2FV12%2F28.06.12. 4+ pp + 3-12. + Block + 10+ Todd
+ Campus%2C + West + of + Scotland + Science + Park. + Acre + Road%2C + Glasgow
+G20+ 0XA. + UK.

Sabino, M., Purchio, A., Milanez, T.V., 1995. Aflatoxins By, M; and aflatoxicol in tissues
and urine of calves receiving aflatoxin. Food Addit. Contam. 12, 467-472. http://
www.tandfonline.com/doi/abs/10.1080/02652039509374331.

Saito, K., Nishijima, M., Yasuda, K., Kamimura, H., Ibe, A,, et al., 1984. Analytical method
for aflatoxins and aflatoxicols in cereals, nuts and their products. Studies on myco-
toxins in foods. XVI. J Food Hyg Soc Japan 25, 112-117. https://www.jstage.jst.go.
jp/article/shokueishi1l960/25/2/25 2 112/ pdf.

Schoenhard, G.L., Hendricks, J.D., Nixon, J.E., Lee, D.J., Wales, J.H., Sinnhuber, R.O.,
Norman, E., Pawlowski, N.E., 1981. Aflatoxicol-induced hepatocellular carcinoma in
rainbow trout (Salmo gairdneri) and the synergistic effects of cyclopropenoid fatty
acids. Cancer Res. 41, 1011-1014. http://cancerres.aacrjournals.org/content/41/3/
1011.short.

Shephard, G.S., 2008. Risk assessment of aflatoxins in food in Africa. Food Addit. Contam.
25, 1246-1256. https://doi.org/10.1080/02652030802036222.

Skrbi¢, B., Anti¢, 1., Zivancev, J., 2015. Presence of aflatoxin M1 in white and hard cheese
samples from Serbia. Food Contr. 50, 111-117. http://www.sciencedirect.com/
science/article/pii/S0956713514004800.

Sweeney, M.J., Dobson, A.D.W., 1999. Molecular biology of mycotoxin biosynthesis.
FEMS Microbiol. Lett. 175, 149-163. https://www.ncbi.nlm.nih.gov/pubmed/
7773383.

Tekinsen, K.K., Eken, H.S., 2008. Aflatoxin M, levels in UHT milk and kashar cheese
consumed in Turkey. Food Chem. Toxicol. 46, 3287-3289. http://www.
sciencedirect.com/science/article/pii/S0278691508004079.

Torres, N., Chandan, R.C., 1981. Latin American white cheese - a review. J. Dairy Sci. 64,
552-557. https://doi.org/10.3168/jds.S0022-0302(81)82608-2.

Trail, F., Mahanti, N., Linz, J.E., 1995. Molecular biology of aflatoxin biosynthesis.
Microbiology 141, 755-765. http://www.microbiologyresearch.org/docserver/
fulltext/micro/141/4/mic-141-4-755.pdf?expires = 1515531186&id = id&accname =
guest&checksum = C371E6E4F67AC250DEE7DF358F0F1ED6.

Troxel, C.M., Buhler, D.R., Hendricks, J.D., Bailey, G.S., 1997a. CYP1A induction by beta-
naphthoflavone, Aroclor 1254, and 2,3,7,8-tetrachlorodibenzo-p-dioxin and its in-
fluence on aflatoxin B, metabolism and DNA adduction in zebrafish (Danio rerio).
Toxicol. Appl. Pharmacol. 146, 69-78. https://doi.org/10.1006/taap.1997.8219.

Troxel, C.M., Reddy, A.P., O'Neal, P.E., Hendricks, J.D., Bailey, G.S., 1997b. In vivo
aflatoxin B; metabolism and hepatic DNA adduction in zebrafish (Danio rerio).
Toxicol. Appl. Pharmacol. 143, 213-220. https://doi.org/10.1006/taap.1996.8058.

Trucksess, M.W., Stoloff, L., Young, K., Wyatt, R.D., Miller, B.L., 1983. Aflatoxicol and
aflatoxins B; and M; in eggs and tissues of laying hens consuming aflatoxin con-
taminated feed. Poultry Sci. 62, 2176-2182. https://academic.oup.com/ps/article-
abstract/62/11/2176/1490882/Aflatoxicol-and-Aflatoxins-B1-and-M1-in-Eggs-and.

Van der Linde, J.A., Frens, A.M., De Iongh, M., Vles, R.O., 1964. Inspection of milk from
cows fed aflatoxin containing groundnut meal. Tijdschr. Diergeneeskd. 89,
1082-1088. https://www.cabdirect.org/cabdirect/abstract/19661301271.

Vargas-Ortiz, M., Carvajal-Moreno, M.*, Herndndez-Camarillo, E., Rojo-Callejas, F., Ruiz-
Velasco, S., 2017. Unreported aflatoxins and hydroxylate metabolites in artisanal
Oaxaca cheese from Veracruz, Mexico. Biochem. Anal. Biochem. 6, 322. https://doi.
org/10.4172/2161-1009.1000322. https://www.omicsonline.org/open-access/
unreported-aflatoxins-and-hydroxylate-metabolites-in-artisanal-oaxacacheese-from-
veracruz-mexico-2161-1009-1000322.pdf.

Walsh, A.A., Hsieh, D.P.H., Rice, R.H., 1992. Aflatoxin toxicity in cultured human epi-
dermal cells: stimulation by 2, 3, 7, 8- tetrachlorodibenzo- p- dioxin. Carcinogenesis
13, 2029-2033. https://doi.org/10.1093/carcin/13.11.2029.

WHO, 1998. World Health Organization. Safety Evaluation of Certain Food Additives and
Contaminants. Aflatoxins. WHO Food Additives Series 40. WHO, Geneva, pp.
359-468. http://www.who.int/foodsafety/publications/jecfa-reports/en/.

WHO/FAO, World Health Organization/Food and Agriculture Organization, 2006. Food
Safety Risk Analysis. A Guide for National Food Safety Authorities. FAO Food and
Nutrition Paper 87. Rome FAO. United Nations. http://apps.who.int/iris/bitstream/
handle/10665/133869/9241595124_eng.pdf;jsessionid =
6DEE7CCDO036E2000E8379DF925EA4F82?sequence=1.

Wong, Z.A., Hsieh, D.P.H., 1978a. Aflatoxicol: major aflatoxin B1 metabolite in rat
plasma. Science 200, 325-327. https://doi.org/10.1126/science.635590. http://
science.sciencemag.org/content/200/4339/325.

Wong, Z.A., Hsieh, D.P.H., 1978b. Aflatoxicol: major aflatoxin B1 metabolite in rat
plasma. Science 200, 325-327. http://toxicology.usu.edu/endnote/Aflatoxicol-
major-aflatoxin-metabolite.pdf.

Wong, Z.A., Hsieh, D.P.H., 1980a. The comparative metabolism and toxicokinetics of
aflatoxin B1 in monkey, rat and mouse. Toxicol. Appl. Pharmacol. 55, 115-125.
https://www.sciencedirect.com/science/article/pii/0041008X80902276.

Wong, Z.A., Hsieh, D.P.H., 1980b. The comparative metabolism and toxicokinetics of
aflatoxin B1 in monkey, rat and mouse. Toxicol. Appl. Pharmacol. 55, 115-125.
https://doi.org/10.1016/0041-008X(80)90227-6.


http://www.inegi.gob.mx/est/contenidos/espanol/sistemas/aee05/info/mex/c15_06.xls
http://www.inegi.gob.mx/est/contenidos/espanol/sistemas/aee05/info/mex/c15_06.xls
http://www.inegi.gob.mx/prod_serv/contenidos/espanol/bvinegi/productos/encuestas/establecimientos/eim/resumen/pro_v2.xls
http://www.inegi.gob.mx/prod_serv/contenidos/espanol/bvinegi/productos/encuestas/establecimientos/eim/resumen/pro_v2.xls
http://www.inegi.gob.mx/prod_serv/contenidos/espanol/bvinegi/productos/encuestas/establecimientos/eim/resumen/pro_v2.xls
http://www.inchem.org/documents/jecfa/jecmono/v47je01.htm
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.6663/full
http://www.sciencedirect.com/science/article/pii/0378434794001529
https://doi.org/10.1080/01652176.2000.9695020
https://doi.org/10.1080/01652176.2000.9695020
http://www.nrcresearchpress.com/doi/abs/10.1139/y90-155#.WJnSSm_hC1s
http://www.sciencedirect.com/science/article/pii/0041008X83902363
http://www.sciencedirect.com/science/article/pii/0041008X83902363
https://doi.org/10.1016/S0304-3835(00)00382-7
https://doi.org/10.1016/S0304-3835(00)00382-7
http://link.springer.com/article/10.1007/BF01977398
http://link.springer.com/article/10.1007/BF01977398
http://www.sciencedirect.com/science/article/pii/S0378434700803825
http://www.sciencedirect.com/science/article/pii/S0378434700803825
http://www.sciencedirect.com/science/article/pii/S0308814608009412
http://link.springer.com/article/10.1007/BF00439291
http://www.tandfonline.com/doi/abs/10.1080/02652038809373708
https://doi.org/10.1021/cr960032y
http://pubs.acs.org/doi/abs/10.1021/cr960032y
http://aem.asm.org/content/56/5/1465.short
http://doi.org/10.1248/jhs1956.37.107
http://legismex.mty.itesm.mx/normas/ssa1/ssa1243-1009.pdf
http://legismex.mty.itesm.mx/normas/ssa1/ssa1243-1009.pdf
http://www.tandfonline.com/doi/abs/10.1080/02652030500389048
http://www.tandfonline.com/doi/abs/10.1080/02652030500389048
http://link.springer.com/article/10.1007/BF01138602
http://www.tandfonline.com/doi/abs/10.1080/009841098158368
http://www.tandfonline.com/doi/abs/10.1080/009841098158368
http://www.who.int/bulletin/archives/77(9)754.pdf?ua=1
http://www.who.int/bulletin/archives/77(9)754.pdf?ua=1
http://www.sciencedirect.com/science/article/pii/S0956713515301675
http://www.sciencedirect.com/science/article/pii/S0956713515301675
http://europepmc.org/abstract/med/10474294
http://www.sciencedirect.com/science/article/pii/S0278691509002130
http://www.sciencedirect.com/science/article/pii/S0278691509002130
http://red.ilce.edu.mx/sitios/tabletas/familia/Estudio_quesos_oaxaca.pdf
http://red.ilce.edu.mx/sitios/tabletas/familia/Estudio_quesos_oaxaca.pdf
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=R-Biopharm+hone+td.+asi-extractflatoxin.+u%C3%Ada%20e+so+ral+sarioRP71RP70N%2FV12%2F28.06.12.+-12.+lock+%20Todd+ampus%2C+estf+cotland+cience+ark.+cr
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=R-Biopharm+hone+td.+asi-extractflatoxin.+u%C3%Ada%20e+so+ral+sarioRP71RP70N%2FV12%2F28.06.12.+-12.+lock+%20Todd+ampus%2C+estf+cotland+cience+ark.+cr
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=R-Biopharm+hone+td.+asi-extractflatoxin.+u%C3%Ada%20e+so+ral+sarioRP71RP70N%2FV12%2F28.06.12.+-12.+lock+%20Todd+ampus%2C+estf+cotland+cience+ark.+cr
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=R-Biopharm+hone+td.+asi-extractflatoxin.+u%C3%Ada%20e+so+ral+sarioRP71RP70N%2FV12%2F28.06.12.+-12.+lock+%20Todd+ampus%2C+estf+cotland+cience+ark.+cr
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=R-Biopharm+hone+td.+asi-extractflatoxin.+u%C3%Ada%20e+so+ral+sarioRP71RP70N%2FV12%2F28.06.12.+-12.+lock+%20Todd+ampus%2C+estf+cotland+cience+ark.+cr
https://www.google.com.mx/webhp?sourceid=chrome-instant&ion=1&espv=2&ie=UTF-8#q=R-Biopharm+hone+td.+asi-extractflatoxin.+u%C3%Ada%20e+so+ral+sarioRP71RP70N%2FV12%2F28.06.12.+-12.+lock+%20Todd+ampus%2C+estf+cotland+cience+ark.+cr
http://www.tandfonline.com/doi/abs/10.1080/02652039509374331
http://www.tandfonline.com/doi/abs/10.1080/02652039509374331
https://www.jstage.jst.go.jp/article/shokueishi1960/25/2/25_2_112/_pdf
https://www.jstage.jst.go.jp/article/shokueishi1960/25/2/25_2_112/_pdf
http://cancerres.aacrjournals.org/content/41/3/1011.short
http://cancerres.aacrjournals.org/content/41/3/1011.short
https://doi.org/10.1080/02652030802036222
http://www.sciencedirect.com/science/article/pii/S0956713514004800
http://www.sciencedirect.com/science/article/pii/S0956713514004800
https://www.ncbi.nlm.nih.gov/pubmed/7773383
https://www.ncbi.nlm.nih.gov/pubmed/7773383
http://www.sciencedirect.com/science/article/pii/S0278691508004079
http://www.sciencedirect.com/science/article/pii/S0278691508004079
https://doi.org/10.3168/jds.S0022-0302(81)82608-2
http://www.microbiologyresearch.org/docserver/fulltext/micro/141/4/mic-141-4-755.pdf?expires=1515531186&id=id&accname=guest&checksum=C371E6E4F67AC250DEE7DF358F0F1ED6
http://www.microbiologyresearch.org/docserver/fulltext/micro/141/4/mic-141-4-755.pdf?expires=1515531186&id=id&accname=guest&checksum=C371E6E4F67AC250DEE7DF358F0F1ED6
http://www.microbiologyresearch.org/docserver/fulltext/micro/141/4/mic-141-4-755.pdf?expires=1515531186&id=id&accname=guest&checksum=C371E6E4F67AC250DEE7DF358F0F1ED6
https://doi.org/10.1006/taap.1997.8219
https://doi.org/10.1006/taap.1996.8058
https://academic.oup.com/ps/article-abstract/62/11/2176/1490882/Aflatoxicol-and-Aflatoxins-B1-and-M1-in-Eggs-and
https://academic.oup.com/ps/article-abstract/62/11/2176/1490882/Aflatoxicol-and-Aflatoxins-B1-and-M1-in-Eggs-and
https://www.cabdirect.org/cabdirect/abstract/19661301271
https://doi.org/10.4172/2161-1009.1000322
https://doi.org/10.4172/2161-1009.1000322
https://www.omicsonline.org/open-access/unreported-aflatoxins-and-hydroxylate-metabolites-in-artisanal-oaxacacheese-from-veracruz-mexico-2161-1009-1000322.pdf
https://www.omicsonline.org/open-access/unreported-aflatoxins-and-hydroxylate-metabolites-in-artisanal-oaxacacheese-from-veracruz-mexico-2161-1009-1000322.pdf
https://doi.org/10.1093/carcin/13.11.2029
http://www.who.int/foodsafety/publications/jecfa-reports/en/
http://apps.who.int/iris/bitstream/handle/10665/133869/9241595124_eng.pdf;jsessionid=6DEE7CCD036E2000E8379DF925EA4F82?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/133869/9241595124_eng.pdf;jsessionid=6DEE7CCD036E2000E8379DF925EA4F82?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/133869/9241595124_eng.pdf;jsessionid=6DEE7CCD036E2000E8379DF925EA4F82?sequence=1
https://doi.org/10.1126/science.635590
http://science.sciencemag.org/content/200/4339/325
http://toxicology.usu.edu/endnote/Aflatoxicol-major-aflatoxin-metabolite.pdf
http://toxicology.usu.edu/endnote/Aflatoxicol-major-aflatoxin-metabolite.pdf
https://www.sciencedirect.com/science/article/pii/0041008X80902276
https://doi.org/10.1016/0041-008X(80)90227-6

	Presence of unreported carcinogens, Aflatoxins and their hydroxylated metabolites, in industrialized Oaxaca cheese from Mexico City
	Introduction
	Materials and methods
	Sampling
	Chemical extraction method for aflatoxins
	Derivatization
	Validation of the extraction method
	Linearity of the system (calibration curves)
	Limits of detection (LOD) and quantification (LOQ)
	Recovery percentages
	HPLC quantitation
	Statistical analysis
	Risk assessment

	Results and discussion
	Quantification of all AFs
	Statistical analysis
	Risk assessment

	Acknowledgements
	Transparency document
	References




