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Abstract 
Objectives: To challenge the expiry dates of low concentration high purity 
mycotoxins standards. Literature Review: Aflatoxins (AFs) and Ochratoxin A 
(OTA) are persistent mycotoxins with adverse effects on humans. Mycotoxins 
standards are purchased to determine mycotoxin concentrations in food and 
may be stocked in some laboratories beyond expiry dates causing laboratories 
financial losses. Methods: Certified mycotoxins standards were purchased 
over the years from the same supplier at times and at other times from two 
different suppliers for quality control purposes. For AFs, six chromatographic 
runs for each of the mycotoxins standards were done to compare the differ-
ence among these standards having the following expiry dates (2008, 2012, 
2013 and 2018). AFs standards purchased/obtained from two different sup-
pliers in 2016 and expiring in 2018 were also compared. For OTA, the differ-
ence of concentration obtained between two years (2010 and 2018) was tested. 
All samples were run on a HPLC equipped with a fluorescence detector. Li-
nearity of calibration curves and the points of lowest detection were deter-
mined for AFs components and for OTA from the unexpired mycotoxins 
standards. Results: At a 0.05 significance level and using non parametric tests, 
the statistical test revealed a p of 0.166, 0.153, 0.358 and 0.03 for B1, G1, B2 
and G2 respectively among years for standards from same supplier and 0.037, 
0.109, 0.182 and 0.182 for B1, G1, B2 and G2 respectively for unexpired stan-
dards from two different suppliers. For OTA, a p of 0.109 was obtained for 
standards of different expiry dates purchased from different suppliers. Con-
clusion: High purity low concentration mycotoxin standards purchased a 
decade ago (i.e. expired) did not differ from those purchased this current year 
(still valid). Hence, the expiry date can be renewed reducing the laboratories 
expenses. Manufacturers are urged to reconsider the expiry dates. 
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1. Introduction 

Aflatoxins and Ochratoxin A (Figure 1 & Figure 2) [1], persistent and ther-
mostable natural mycotoxins produced by fungi [2] [3], are found in different 
foodstuffs such as peanuts, corn, coffee beans and spices [4]. Aflatoxins are 
composed mainly of G2, B2, G1 andB1toxins; the latter has been classified as a 
carcinogen [5]. 

Mycotoxins have adverse effects on human health. They alter the mitochon-
drial DNA, affect protein synthesis, damage the blood cell production, blood 
components, kidneys and liver [6] [7] [8]. Because of their harmful effect and 
because the main route of mycotoxins into the human body is through ingestion 
of contaminated food [9], it became imperative to measure their concentration 
in food matrices. For this, high purity standards (greater than 98%) containing 
specific concentration of mycotoxins were purchased or obtained. 

Both AFs and OTA standards come often in low concentration with specific 
expiry dates which is usually within two years of production and/or date of 
opening. By definition, expiry date is the date after which the standard is not va-
lid to be used [10]. In other words, when a standard is expired, it must not be 
used since the results might not be accurate or defensible. For the suppliers of 
these standards, regulatory and economic factors affecting the determination of 
the expiry date, include the accuracy and precision of the manufacturer in stud-
ying the stability of compounds, the storage conditions as well as the ability of 
the manufacturer to sell more chemicals which increases the laboratory expenses 
 

 
Figure 1. Structure of OTA according to PubChem-NIH [1]. 
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Structure of AF B1                             Structure of AF G1 

 
Structure of AF B2                               Structure of AF G2 

Figure 2. Structures of AF components according to PubChem-NIH [1]. 
 
[11] especially for laboratories already working under tight budgets. In addition 
to this, laboratories have to purchase the standards periodically and might not 
use all its standard stock within the expiry date. This will incur on the laborato-
ries financial losses and any saving in this matter will minimize the expenses and 
shortens the quantity of chemicals stored for disposal purposes. 

In this paper, trials were conducted in order to challenge the expiry dates and 
to check if properly stored (4˚C) low concentration high purity mycotoxins’ 
standards, specifically B1, B2, G1, G2 and OTA can last for many years even at 
low doses without being affected by time and can be preserved for at least a dec-
ade without degrading. This study will save the laboratories some financial losses 
and will help or prompt the suppliers to rethink and extend their expiry date. 

2. Experiment 

Materials. Certified high purity low concentration standards were purchased or 
obtained over the following years (2006, 2010, 2011 and 2016) for AFs and over 
two years (2008 and 2015) for OTA. In the year 2016, AFs standards, tested from 
two different suppliers, were at a concentration of 0.3 μg/ml for B1 and G1 and 1 
μg/ml for B2 and G2 for the standard obtained from the first supplier; and 0.5 
μg/ml for B1 and G1 and 2 μg/ml B2 and G2 for the standard purchased from 
the second supplier. For OTA, standards purchased or obtained, were from two 
different suppliers at a concentration of 1 μg/ml. Standards were all processed at 
the Environmental Core Laboratory of the American University of Beirut. High 
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purity solvents mainly acetonitrile (Sigma-Aldrich) and methanol (Sigma-Al- 
drich) were used. As for derivatization of AFs, a solution of water, trifluoroacetic 
acid (Sigma-Aldrich) and glacial acetic acid (AnalaR) in a ratio of 7:2:1 was used. 
Equipment, programs & experiments. HPLC (Agilent, 1100 series), equipped 
with FLD (Agilent Technologies, 1200 series), was used for AFs and OTA ana-
lyses. The mobile phase, used in the detection of AFs, was prepared by mixing 
water, methanol and acetonitrile in a ratio of 6:2:2. As for mobile phase of OTA, 
acetonitrile was mixed with water and glacial acetic acid in a ratio of 99:99:2. All 
samples were filtered (0.45 μm) before 20 μl of each vial was injected in the in-
strument using an auto sampler. In order to check on the precision and repro-
ducibility of sample injection, and to eliminate the chance that the difference 
among samples is coming from a defect in the auto sampler/injection and/or 
needle, a curve of certified series of standards of caffeine concentrations (5, 25, 
50, 125 and 250 μg/ml),purchased from Agilent, was used. AFs and OTA com-
ponents were separated using the C-18column (Hypersil, particle size 5 µm, di-
mensions 250 mm × 4.6 mm). Moreover, due to their ability to fluoresce, AFs 
and OTA were detected using fluorescence detector (FLD) where AFs excitation 
was at 365 nm wavelength and emission was at 450 nm [12]. As for OTA, the ex-
citation was at 333 nm and the emission was at 460 nm [4]. Finally, the data was 
displayed on the computer connected to the HPLC system (Chemstation for LC 
3D system). 

Calibration curves and quality control preparation. The first step was to 
establish calibration curves of six points (Table 1) for each of the two AF stan-
dards purchased/obtained in 2016 (expiry date 2018) from two different suppli-
ers to ensure a good quality control [13] i.e. to make sure that there is no differ-
ence between suppliers. This was done to eliminate any chance that the differ-
ence in standards among years is not stemming from difference in suppliers 
concentrations or stocks but rather from the degradation of the analytes them-
selves. This can become the case if we were to compare expired standards from 
one supplier with a currently valid standard purchased from a different supplier. 
The second step was to determine the lowest quantification point for each and 
every mycotoxin component. This was done to check, by the same token, the li-
mitation of the method, to reaffirm the ability of the laboratory to meet safety 
limits values especially for B1 (less than 1 ppb) and for G1, G2 and B2 (less than 
0.5 ppb) and to report below these lowest detection points in case of degradation 
 
Table 1. Six different concentrations of AFs components used in the calibration curves 
and diluted from high purity low concentration original standard where the original stock 
from one supplier contained different concentrations of individual: 1000 ppb for G1 and 
B1 and 300 ppb for B2 and G2 mycotoxins. 

 Standard 1 
Standard 

2 
Standard 

3 
Standard 

4 
Standard 

5 
Standard 

6 

G1 and B1 (ppb) 2.2 3.3 4.4 6.6 13.2 26.4 

G2 and B2 (ppb) 0.67 1.005 1.34 2 4 8 
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of standards. Standard calibration curves were prepared and processed from a 
stock of 1000 ppb for B1 and G1; and 300 ppb for B2 and G2 according to the 
protocol highlighted in the next paragraph. For OTA, five different concentra-
tions (0.5, 2, 4, 6 and 8 ppb) were prepared from an original stock of 1000 ppb. 
Both sets of curves (AF components and OTA) were repeated three times. A 
coefficient of correlation(r), greater than 0.995, was accepted for both AFs and 
OTA. 

AFs and OTA preparation for standard comparison testing. Six different 
aliquots, taken from each standard container, were each transferred to individual 
chromatography micro vials. AF samples were evaporated to dryness using ni-
trogen gas (purity 99.999%). For derivatization, 0.6 ml of acetonitrile and 1.2 ml 
of derivatizing mixture were added to the AFs vials only. Samples were then 
placed in an incubator at 65˚C for 9 minutes before injecting the samples on 
HPLC system [12] [14]. The final concentration for the six determinations of B1 
and G1 was 26.4 ppb while it was 8 ppb for B2 and G2 in all samples (Table 1). 
As for OTA samples, dilutions from the original stock (1000 ppb) were prepared 
using a mixture of acetonitrile, water, and glacial acetic acid (99:99:2, v/v/v). The 
concentration of OTA obtained was 1.8 ppb for all samples. 

Statistical analysis. Areas under the individual peaks of each standard were 
recorded. Data was manipulated using excel and statistical analyses were done 
using SPSS (version 24). The nonparametric Kruskal-Wallis test was performed 
with a confidence level of 0.05% on AF individual toxins in order to check 
whether there is a significance difference between expired and unexpired AFs 
standards stocked from different years and purchased from same supplier. 
Kruskal-Wallis was also performed on the unexpired AF standards obtained 
from the two different suppliers and purchased in 2016. It was also applied to 
detect difference in years for OTA standards even though those were purchased 
from two different suppliers. It is worth mentioning that with OTA standards, 
any difference which might arise between years and suppliers will be perhaps 
due to either a difference between the suppliers themselves or a degradation be-
tween the two years (a decade apart). Null hypothesis is retained when there is 
no statistical significant difference between the samples while it is rejected when 
significant difference exist and the probability of the difference is less than 1 in 
20 (5% or 0.05). 

3. Results and Discussion 

Results are reported per individual mycotoxins. Calibration curves for caffeine, 
OTA and AFs components were visually assessed and their linearity was ac-
cepted since the correlation coefficient was greater than 0.995 for all of them 
(Table 2). 

Calibration curves. The HPLC instrument was eliminated as a cofactor 
which might have affected the analytical and statistical outcomes since accuracy 
and precision in injection were achieved. The instrument was able to detect low 
and high concentrations of mycotoxins and the linearity of caffeine calibration  

https://doi.org/10.4236/msce.2017.58006


A. Aridi et al. 
 

 

DOI: 10.4236/msce.2017.58006 64 Journal of Materials Science and Chemical Engineering 
 

Table 2. Correlation coefficient (r), limit of quantification (LOQ in ppb) and equation of 
the calibration curve for each of B1, G1, B2, G2, OTA and caffeine extracted from the ca-
libration curves. 

Mycotoxins and Caffeine r LOQ (ppb) Equation of calibration curve 

B1 0.9989 2.2 y = 4.3005x – 3.1197 

G1 0.998 2.2 y = 2.0981x – 1.5463 

B2 0.9993 0.67 y = 4.9284x – 0.0352 

G2 0.9976 0.67 y = 3.1662x – 0.4517 

OTA 0.9992 0.5 y = 0.3474x – 0.0439 

caffeine 0.9988 5 y = 66.627x + 272.25 

 
curve (r = 0.9988) (Figure 3) eliminates the chance that the difference among 
mycotoxins samples, if found, is coming from a defect in the auto sampler/ in-
jection and/or needle rather than degradation of samples through time. 

Moreover, high correlation coefficients (r) 0.9989, 0.998, 0.9993, 0.9976, and 
0.9992 for B1, G1, B2, G2 and OTA, from unexpired standards and from two 
suppliers, were obtained respectively (Figure 4). 

Comparison results. Areas under chromatograms were extracted from the 
software outputs and median, mean, standard deviation (SD) and range were 
calculated for each mycotoxin component (Table 3). 

AFs difference between two suppliers same year of purchase (2016) and 
same year of expiry (2018). The statistical test for comparing AF standards 
purchased from two different suppliers, having the same expiry date (2018), re-
vealed a p of 0.037, 0.109, 0.182 and 0.182 for B1, G1, B2and G2 respectively at a 
0.05 confidence level. As a result, null hypothesis is retained for AFs components 
(except for B1) and there is no significant difference between AF standards from 
two different suppliers. Since these standards are not expired yet and since the 
difference appears only for B1, and only among suppliers, it is then safe to say 
that this difference is not due to degradation. Any future difference among years 
with B1, if found, will be looked at closely, especially when expired B1 from one 
supplier (for years 2008, 2012 and 2013) was compared with an unexpired B1 
from another supplier yielded a p of 0.047 which is on borderline (The differ-
ence between means was less than 9%). As a result, the difference is not related 
to degradation but most probably it is due to a natural difference between sup-
pliers. 

AFs standards difference among years purchased from same supplier. AFs 
standards purchased from same supplier expiring in 2008, 2012, 2013 and 2018 
were compared among each other. The statistical test showed a p of 0.166, 0.153, 
0.358 and 0.03 for B1, G1, B2 and G2 respectively. For G2, the area obtained for 
year 2012 was greater than that of years 2013 and 2018. Consequently, the signi-
ficance difference was not due to degradation, it might due to other reasons 
(analytical, difference in preparation of batches, integration of peaks, etc.).Thus, 
null hypothesis was retained for all AFs components. Therefore, expired AF  
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standards, belonging to same supplier, did not differ from newly purchased ones 
(still valid, unexpired). 

OTA standard difference among years obtained from two different sup-
pliers. For OTA, standards obtained from two different suppliers with different 
expiry dates (2010 and2018) were compared and statistical test revealed a p of 
0.109. Therefore, null hypothesis was retained and OTA standards are consi-
dered persistent and did not expire for at least a decade in this study. However, 
this remains true for the OTA if we keep our original assumption that there ex-
ists no difference between suppliers to start with. And, if this assumption does 
not hold true, i.e. if the concentrations of OTA in unexpired standards between 

 

 
Figure 3. Caffeine standard curve for checking precision and accuracy of HPLC compo-
nents. 
 

Table 3. Mean± SD, median, range (min-max)of areas under peaks and p value for mycotoxins purchased from the 2 different 
suppliers with various expiry dates using Kruskal-Wallis test (p is significant< 0.05). 

  Supplier 1 Supplier 2 p value 

Mycotoxins 
AFs 2008 
OTA 2010 

2012 2013 2018 2018 
Among  

suppliers 
(1 and 2) 

Among years 

AFB1 
Mean ± SD 85.75 ± 16.02 98.37 ± 6.60 83.82 ± 7.80 84.05 ± 12.48 105.05 ± 16.42 

0.037 0.166 Median 
(min-max) 

88.90 
(61.3 - 104.65) 

99.29 
(91 - 107.91) 

80.05 
(77.34 - 94.58) 

81.55 
(70.11 - 107.37) 

110.46 
(71.93 - 114.68) 

AFB2 
Mean ± SD 34.98 ± 7.26 34.89 ± 2.39 30.27 ± 4.96 31.82 ± 5.35 36.53 ± 5.49 

0.182 0.358 Median 
(min-max) 

36.35 
(24.66 - 42.79) 

35.14 
(30.68 - 37.78) 

29.42 
(23.80 - 36.99) 

30.66 
(25.85 - 41.79) 

38.70 
(25.42 - 39.85) 

AFG1 
Mean ± SD 38.21 ± 16.01 52.27 ± 4.89 38.91 ± 7.60 38.03 ± 7.92 48.45 ± 8.42 

0.109 0.153 Median 
(min-max) 

39.09 
(18.8 - 55.5) 

52.27 
(46.87 - 58.12) 

36.96 
(31.55 - 48.89) 

37.25 
(30.26 - 51.09) 

50.14 
(32.50 - 57.77) 

AFG2 
Mean ± SD 19.15 ± 6.96 25.78 ± 1.87 18.66 ± 2.94 19.11 ± 3.89 22.17 ± 3.22 

0.182 0.030 Median 
(min-max) 

19.42 
(11.06 - 27.09) 

25.61 
(23.89 - 28.29) 

19.14 
(14.97 - 22.13) 

17.09 
(16.38 - 25.97) 

23.24 
(16.02 - 25.09) 

OTA 
Mean ± SD 0.64 ± 0.11 --- --- --- 0.46 ± 0.11 

--- 0.109 Median 
(min-max) 

0.61 
(0.53 - 0.84) 

--- --- --- 
0.45 

(0.21 - 0.59) 
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Figure 4. Calibration curves forB1, G1, B2, G2, and OTA taken 
from two different suppliers and repeated three times. 
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suppliers are different, then the insignificant statistical p cannot be interpreted 
to conclude that the OTA did not degrade. In this case we say either there was 
no difference between suppliers and OTA did not degrade, or alternatively there 
is difference between two suppliers and hence we cannot truly conclude if the 
OTA has degraded or not. In this case, as a corrective action, it is advisable to 
purchase additional OTA standards from three other suppliers at least. 

Consequently, high purity low concentration AFs and OTA standards are per-
sistent and do not degrade for at least a decade. This study is a small contribu-
tion and means to help laboratories in cost savings by reducing the expenses of 
buying new standards or getting rid of expired ones which might involve ship-
ping fees and disposal penalty. Moreover, it will hopefully help the manufactur-
ers to extend the expiry date of mycotoxins standards mainly AFs and OTA and 
update their way in determining them. It is worth mentioning that to the best of 
our knowledge this is the first study done to challenge the expiry date of myco-
toxins standards stored over a decade. 

4. Conclusion 

The study confirmed that AFs and OTA were persistent and that the challenge of 
expiry dates was successful as none of the mycotoxins components B1, G1, B2, 
G2 and OTA degraded over the last decade taking into consideration all the oth-
er cofactors that may have affected the study (HPLC instrument, analyst, storage 
of standards) and the assumption made to the OTA. Thus, manufacturers are 
urged to rethink the way they determine the expiry date of mycotoxin standards. 
This study is beneficial for laboratories since it reduces their expenses. 
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