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ABSTRACT

A high performance liquid chromatography coupled with fluorescence detection (HPLC-FLD) was evaluated for the monitoring of
aflatoxin B, (AFB;) production by Aspergillus section Flavi isolates, which were found in the commaodities of Slovak origin (barley and
tomatoes). Rapid validation of the method was performed and the method was applied for the determination of the mycotoxin. Based on
the calculated validation characteristics, the method showed high sensitivity and reproducibility. The LOD and LOQ determined were
0.03 and 0.10 pg.mL* which is fully acceptable for the determination of the AFB; in isolates from plant commodities. The calibration
graph was linear in the concentration range of 0.01— 10.0 ug.mL. The optimized method was used for the analysis of the mycotoxin in
three Aspergillus section Flavi isolates. The submerse cultivation was performed at 25+1°C in yeast extract sucrose liquid medium and
material was collected on the 7th, 14th and 21st day of cultivation. Simple sample extraction was carried out with use of ethyl acetate,
and measurement was done with use of the mobile phase consisting of water and methanol by HPLC-FLD. Production of the AFB; by
isolates was ranging from <LOD (0.03 pg. mL™) to 49.38 ug.mL* with the highest concentration on the 14th day of cultivation. The

maximum level of AFB; was achieved by the Isolate 1 (isolated from barley, Kolifiany, 2018).
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INTRODUCTION

Aflatoxins (AFs) present a major food and feed safety issue. The aflatoxigenic
fungi —mainly species of genus Aspergillus subgenus Circumdati section Flavi are
responsible for production of various members of the aflatoxin group of chemicals
(AFB;, AFB,, AFG; and AFG;) and other mycotoxins (Varga etal., 2011;
Coppock et al., 2018), such as 3-nitropiazonic acid, tenuazonic acid and
cyclopiazonic acid (Varga et al., 2011). Aflatoxins are mainly produced by
Aspergillus flavus, A. parasiticus (Vargaet al., 2011) and A. nomius (Ayob, 2022),
which coexist with and grow on almost any crop or food (Varga et al., 2011). AFs
of the B type (AFB;, AFB,) are produced by A. flavus (Amare et Keller, 2014;
Varga et al., 2009), while as both AFs of group B and G (AFG;, AFG,) are
produced by A. parasiticus and A. nomius (Costa et al., 2019). Some reports
indicate that A. flavus can produce the G type of aflatoxins, as well (Saldan et al.,
2018; Okoth et al., 2018). With the help of human metabolism system, AFs are
transferred into AFs M1 and Q1. The toxicity levels of AFs are high, while as
biological toxicity is contributed measurely from AFB; and AFG; (Bacaloni etal.,
2008).

Aflatoxin B; (AFB;) is the most toxic of the many naturally occurring secondary
metabolites produced by fungi (Varga et al., 2011). AFB;, due to its toxic,
mutagenic, immunotoxic, teratogenic, and carcinogenic effect on humans and
animals, is classified as a group 1 carcinogen in the International Agency for
Research on Cancer (IARC) classification of carcinogenic substances (IARC,
2002; Ostry et al., 2017). As potent carcinogen, AFB; may affect organs like the
liver and kidneys (Alvarez et al., 2020). It is also reported to suppress human‘s
immune systems, rendering them vulnerable to infectious viruses like HIV and
subsequent disease AIDS (Jolly et al., 2013). Exposure of human to AF leads to
several health-related conditions including acute and chronic aflatoxicosis,
immune suppression, liver cancer, liver cirrhosis, stunted growth in children and
many others. AF contamination of agricultural commaodities poses considerable
risk to human and livestock health and economic losses. The effect of AFs on
human depends on age, gender, level of exposure, duration of exposure, health
condition, strength of their immune system, diet and environmental factors
(Negash, 2018).

Although aflatoxin’s occurrence is widespread and affects many food crops,
certain crops are more susceptible than others (Jallow et al., 2021). AFs are found
in the soil as well as in grains, nuts, dairy products, tea, spices and cocoa, as well

as animal and fish feeds (Waliyar et al., 2008). Commaodities can be contaminated
with aflatoxicogenic fungi and AF at any time before harvest and after harvest. The
prevention of AF once occurs and treatment of aflatoxicosis is difficult. However,
there are some mitigation mechanisms pre- and post-harvest, especially proper
storage is essential with proper moisture and temperature. Moreover, awareness
creation on AF contamination, its effect and management are essential (Negash,
2018).

Determination of AFB; has been object of many studies. Different analytical
approaches were applied in this topic. Conventional analytical approaches for
identification of aflatoxins present thin-layer chromatography (TLC), high-
performance liquid chromatography (HPLC), and gas chromatography (GC)
(Maggira et al., 2022). A high performance liquid chromatography coupled with
fluorescence detection (HPLC-FLD) was applied in the studies of AFs
determinations in common food samples by Blesa et al. (2003), Campos et al.
(2017), Sheijooni-Fumani et al. (2011), Golge et al. (2016) etc. HPLC with MS
detection was used in the works of Blesa et al. (2003), Stefanovic et al. (2015),
Fan etal. (2015), Pereira et al. (2020) etc. ELISA method is also a way for
determination of AFB;, mentioned in the works of Stefanovic et al. (2015),
Pereira et al. (2020), Dai et al. (2022), Maggira et al. (2022) etc.

The objective of our study was to optimize and validate an HPLC-FLD method for
the determination of aflatoxin B; and evaluation of the production of this
mycotoxin by Aspergillus section Flavi isolates.

MATERIAL AND METHODS
Chemicals and reagents

The HPLC grade solvents acetonitrile and methanol were purchased from Sigma-
Aldrich Chemie GmbH. (Steinheim, Germany), double-distilled deionized water
used was prepared in a Millipore Synergy UV water purification system (Millipore,
Bedford, USA). Acetonitrile was used for a stock standard solution of AFB; (5 mg,
99.7%, Sigma-Aldrich Laborchemikalien GmbH; Seelze, Germany) and
preparation of individual standard solutions for calibration in the concentration
range 0.01 to 10.0 pg.mL™ was done by injecting of appropriate volumes of the
stock solution in a mobile phase.
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Instrumentation

Measurements were performed on the apparatus Agilent 1260 Infinity (Agilent
Technologies, Palo Alto, USA), equipped with the degasser G4225A, binary pump
G1312B, auto sampler G1329B, column thermostat G1316A and a fluorescence
detector G1321B. A reversed-phase column Eclipse XDB-C18 (3.5 um, 3.0x150
mm, Agilent, USA) was used for the separation. The column temperature was set
at 40 °C and isocratic mode was applied with a composition of the mobile phase
water/methanol (60/40, v/v). A flow rate was set at 1 mL.min and injected volume
of standards and samples was 10pL. Excitation wavelength was set at 362 nm and
emission wavelength was 455 nm, while the data acquisition was done within the
range 280 — 500 nm. Repeated measurements were done for the purpose of
validation of the method, and for determination of individual samples, as well.
Instrument control, data acquisition and data analysis were carried out with
a ChemsStation software package (Agilent Technologies, Palo Alto, USA).

Fungi, media and growth conditions

Three strains of Aspergillus section Flavi (Isolate 1: KMi-ZB1 isolated from barley
from Kolinany, 2018; Isolate 2: KMi-ZB2 from barley from Oponice, 2019; Isolate
3: KMi- ZB4 from tomatoes originated from Slovakia, 2021, were studied in this
work. For each fungal strain, a conidial spore suspension of 2,0x10® spores per mL
was prepared. Spores were collected by rinsing the colony with physiological
saline solution supplemented with Tween 80 (0.5%). 1 mL of spore suspension
was inoculated into 40 mL of the liquid medium YES (Yeast extract sucrose;
Samson et Frisvad, 2004) in 50 mL centrifuge tubes (VWR International)
in 3 repetitions. Cultivation was carried out on Orbital Shaker PSU-10i (Biosan)
and QS-10 Orbital Shaker (Biosan) at 220 RPM. The inoculated media were
incubated in darkness at 25+1 °C during the 7, 14 and 21 days.

Preparation of extracts for HPLC analysis

On the 7th, 14th and 21st days of cultivation, 20 ml of the liquid medium were
taken into 50 ml centrifuge tubes (VWR International) and centrifuged on a Rotina
420 centrifuge (Hettich Zentrifugen, Tuttlingen, Germany) for 3 minutes at a speed
of 5,000 x g. 2 mL of the centrifuged liquid medium were filtered through a 25
mm Nylon syringe filter (0.2 pm, Agilent Captiva) into microtubes (1.5 ml,
Eppendorf). The filtrate (500 puL) was extracted by adding 500 pL ethyl acetate

(Fisher Scientific, Leics, UK) and mixed for 5 minutes using an IKA MS 3 digital
vortex (IKA-Werke GmbH & Co., Staufen, Germany). 100 uL of the prepared
extract was added into HPLC vials (2 ml, Agilent) and then dried. The extract was
reconstituted by adding 500 pL of methanol/water solution (40/60, v/v) before
HPLC analysis.

Data processing

Statistical testing was used for data evaluation. A rapid method validation was done
in the program Excel (Microsoft, Redmond, WA, USA). Rapid in-house validation
of the method for determination of AFB; in isolates was performed in terms of
intermediate precision and linearity, determination of limit of detection (LOD), and
limit of quantification (LOQ). Intermediate precision was tested by determining
intraday and interday precision in two parameters - concentration and retention
time of analyte. Linearity was assessed by determination of regression analysis,
based on repeated measurements of standards in the concentration range from 0.01
to 10.0 ug.mL?, and coefficient of determination (R?) was calculated. LOD and
LOQ were determined from the calibration curve based on the on the upper limit
approach (Hegediis et al., 2010). Evaluation of the results from determinations of
AFB; in the isolates was carried out in a statistical program Past4.03. We tested
the results by means of kinetics and significant differences between the samples in
different periods of cultivation by Tukey HSD test and boxplots were used
for the visualisation.

RESULTS AND DISCUSSION
Rapid method validation

The method for determination of AFB; was optimized and tested to obtain
validation characteristics. The verification the reliability of the method was carried
out. Several validation parameters were calculated to evaluate the HPLC method
performance for the purpose of routine analysis of AFB; in isolates after
cultivation and subsequent liquid-liquid extraction from the liquid medium YES.
Standard solutions of AFB; were used for determination of repeatability and
intermediate precision, which were presented as RSD (%) values of repeated
measurements performed during the one and within three days. In the table 1 are
shown the results for repeatability by means of intermediate precision.

Table 1 Intermediate precision of the retention time and concentration of aflatoxin B, in two standard solutions

Intraday precision Interday precision

Campaund Concentration Retention time Concentration measured Retention time Concentration
calculated measured
pg. mLt* min RSD % pg. mL? RSD % min RSD % pg. mL?  RSD %
Aflatoxin B; 1.00 4.25 0.28 0.97 0.20 4.28 1.33 0.97 1.98
Aflatoxin B; 2.00 4.26 0.09 1.99 0.13 4.29 1.29 2.00 1.72

Note: *concentration of aflatoxin Bz in the standard solution,

data presents mean values calculated from 6 repeated measurements within one day for intraday precision and for interday precision data presents mean values calculated from

twelve repeated measurements within three days

Variability of retention time expressed by RSD % did not exceeded 0.3% for the
both evaluated concentrations of AFB; in intraday precision and even lower RSD
was determined in interday measurements of retention time (RSDs were 1.98 and
1.72%, respectively). Evaluation of intraday precision of concentration showed
RSD % up to 0.20% and for interday variability was up to 1.98%.

We observed a slight delay of retention times of AFB; in samples compared to
standard solutions. Within one day a mean delay of retention time for samples was
0.033s. The slight shift was probably due to matrix effect of the extracts of isolates.

Calibration dependence was used for calculation of limit of detection (LOD) and
limit of quantification (LOQ) based on the upper limit approach (Hegediis et al.,
2010). Coefficient of determination (R?) was used for determination of linearity of
calibration and was determined from three individual measurements of each
standard concentration level. Table 2 presents calculated LOD and LOQ values
and linearity of calibration.

Table 2 Linearity, limit of detection and limit of quantification for aflatoxin B,

Linearity Limits of the method
Compound Concentration range Equation® Ro* LOD LOQ
ug. mL? 4 pg. mL? pg. mL?
Aflatoxin B, 0.01-10.00 y =33.003x - 0.3505 0.99999 0.034 0.102

Note: * mean values calculated from three dependences of peak area and concentrations within three days

Campos et al. (2017) reported limits of quantification 0.18 pg.kg™ for AFB; for
the HPLC-FLD with post-column derivatization. High linearity was obtained over
a dynamic range of 0.2-7.0 ug.kg* for AFB;. However, fluorescence detection is
considered to be high sensitive, for the most of aflatoxin analysis a derivatisation
is carried out prior to delivery of the analyte to detector (Sheijooni-Fumani et al.,
2011). Derivatisation of extracted aflatoxins increases fluorescence of analytes and
thus sensitivity of the method. Pre-column derivatisation is commonly known with
use of either trifluoracetic acid or iodine, however they have some significant
limitations (Sheijooni-Fumani et al., 2011). Post column derivatisation of
aflatoxins can be performed with bromine, using a Kobra Cell system. lamanaka
et al. (2014) reported optimised method for total aflatoxins with LOD and LOQ of

0.05 and 0.25 pgkg?, respectively. Golge et al. (2016) published data
from the AFB; determinations in confectionery products containing nuts. Their
method had LOQ for AFs ranging from 0.106 to 0.374 pg.kg ™' and they applied
immunoaffinity column (IAC) clean-up of the samples. For the concentration
levels of AFB, from isolates cultivated in the liquid medium is the proposed
analysis sufficient, however further improvements of sensitivity and selectivity of
the method could be applied e.g. the use of IACs for sample clean-up and efficient
post-column derivatisation with use of Kobra Cell system.
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Determination of AFBL1 in the isolates from barley and tomatoes

Aspergillus section Flavi (today are known 33 species of this section) contains
several species that produce some of the most important mycotoxins known,
especially aflatoxins, ochratoxins and cyclopiazonic acid (Frisvad et al., 2019).
AFB; is the most potent of these compounds and has been well-characterized to
lead to the development of hepatocellular carcinoma in humans and animals

(Rushing et Selim, 2019). In our study, the isolates of Aspergillus section Flavi
from barley and tomatoes samples of the Slovak origin were analysed for the
production of AFB;. Results of description statistics are summarized in the table
3. The highest concentrations were found in isolate 1, while the content in two
other isolates contained similar levels of the mycotoxin.

Table 3 Aflatoxin B; content (ug. mL?) in individual isolates of Aspergillus section Flavi from barley and tomatoes in relation with period of

cultivation
Isolate 1 Isolate 2 Isolate 3
cDuaI}c/isv inon 7 14 21 7 14 21 7 14 21
N 6 6 6 6 6 6 6 6 6

Min 3.67 4.81 9.58 <LOD <LOD <LOD <LOD 4.95 6.12
Max 8.05 49.38 33.01 4.62 7.96 4.81 4.87 6.12 7.77
Mean 4.88 25.23 24.77 2.54 5.14 2.09 1.52 5.53 6.85
SD 1.80 20.04 11.43 2.05 3.99 2.16 2.36 0.39 0.68

Note: < LOD the value measured was below the LOD value (LOD: 0.034 pug. mL?), N — total number of measurements, Min — minimum value,

Max — maximum value, SD — standard deviation

Tukey HSD test was used for determination of a difference between the means of
all possible pairs using a studentized range distribution (Lee et Lee, 2018). The

results from statistical testing of pairs of variants within one isolate are shown in
the table 4.

Table 4 Significance differences with p-values in relation with period of cultivation within the individual isolates tested by Tukey HSD test

Days of Isolate 1 Isolate 2 Isolate 3

cultivation 7 14 21 7 14 21 7 14 21

7 0.046 0.052 0.289 0.961 5.98x10* 3.22x10°
14 0.998 0.191 0.282

Note: significant difference (p < 0.05) between the concentration of aflatoxin B, for the same isolate in different period of cultivation is

expressed with one colour

In the Isolate 1 we found significant difference in concentrations of AFB; between
7 and 14 days of cultivation, and between 7 and 21 days of cultivation. Giorni et
al. (2007) published, that optimal temperature for growth of Aspergillus section
Flavi is 25-30 °C and for AFB, production 25 °C. Isolate 1 produced at 25 °C the

highest concentration of AFB; (49.38 pg.mL™) on 14" day of cultivation. Giorni
et al. (2008) mentioned, that the AFB,;amounts were highest after 7 days of
cultivation and then decreased over the subsequent period up to the end of the
experiment (21 days). In Isolate 2 we did not observed any significant differences,
which could be confirmed by statistical tests. Isolate 2 produced at 25 °C highest
concentration of AFB; (7.96 ug. mL™) on 14th day of cultivation, as well. In
Isolate 3 significant differences were found in all possible pairs regarding the
cultivation period. The highest concentration of AFB;, which were produced by
Aspergillus section Flavi at 25 °C, was 7.77 pg. mL™.

Figure 1 shows kinetic behaviour of concentration development of individual
isolates. In Isolate 1 and 3 we can observe increasing trend in concentration of
AFB,, however decrease in production of AFB, by fungi is visible in the

Isolate 1

Isolate 2

cultivation period between 14" and 21* day. Similar trend of AFB; and AFG,
production by Aspegillus flavus in YES medium was observed with the highest
AFB, and AFG, concentrations between 7" and 12" day of cultivation (Davis et
al., 1966). Decrease of aflatoxin concentrations was visible after 15" day of
cultivation. Concentration of AFB, published by the authors was from 1 to 20
pg.mL! what is in agreement with the results from our experiment achieved in the
isolates 2 and 3 isolates, however maximum AFB, concentrations in Isolate 1 is
higher than those in the published work. Davis et al. (1966) discussed that YES
cultivation medium containing 20% sucrose and 2% yeast extract provided good
conditions for production of high concentration of aflatoxins and Mateo et al.
(2017) also confirmed that YES medium is promising for production of aflatoxins
in maize. A semisolid YES agar was also used in the study of Aldars-Garcia et
al. (2018) and the concentration of AFB, in 4. flavus isolates from maize grains,
chilli and pistachio nuts were achieved at 25°C and 7 days of cultivation in the
range between 1.5 to 2114.6 ng.g™".

Isolate 3

(ngmL")

Aflatoxin B,

54

~ = = ~ =

= =
&

14
1

Days of cultivation

Figure 1 Kinetics of AFB; concentration (ug.mL™) in individual isolates in relation with cultivation period
(boxplots of mean content and standard errors)

CONCLUSION

Optimization of the method HPLC-FLD and further rapid validation was
carried out to provide suitable method for the determination of AFB;
applicable on samples cultivated from Aspergillus section Flavi isolates
originated from vegetables and cereals. The testing of the method confirmed
high sensitivity suitable for the aflatoxin determination at the sub-pg.mL™*
concentration levels. The LOD value was calculated to be 0.03 pg.mL™*
for AFB;. A simple sample preparation was applied for the cultivated isolates

containing AFB; and could be possibly used also for other types of cultivated
isolates with a probable production of aflatoxins. The method showed high
sensitivity, reproducibility and accuracy and testing the method on real
samples showed its suitability for measurements of AFB; in isolates or
matrices of similar composition.

The concentration of the aflatoxin; produced by 3 strains of Aspergillus
section Flavi, was ranging between levels below LOD and 49.38 ug.mL™.
The highest concentration of AFB; was obtained at 25+1°C after 14 days of
experimental cultivation. The highest concentration of AFB; (49.38 pg.mL"
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1) produced Isolate 1 (KMi-ZB1, isolated from barley, Kolifiany, 2018).
Comparison of concentration of AFB; regarding the cultivation period
showed the highest increase in AFB; production by Aspergillus strains
between 7" and 14" day of cultivation.
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