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1. Introduction

Aflatoxins (AFs) consist of a large group of extremely 
toxic components that are produced by certain species of 
fungi such as Aspergillus flavus and Aspergillus parasiticus 
(Pereyra et al., 2010) and are found in fungal-contaminated 
nuts (Wilson and Ryne, 1993). These microorganisms have 
been considered to be responsible for significant problems 
such as severe liver damage as well as mutagenic and 
carcinogenic effects (Li et al., 2001; Wild and Turner, 2002). 
Among the four common AFs (B1, B2, G1 and G2), AFB1 
is the most widespread and the most poisonous AF that 
is categorised as group 1 human carcinogen (IARC, 1993; 
JECFA, 1998). Pistachio nuts are one of the most important 
commodities with the highest risk of AFB1 contamination. 

Pistachio is cultivated in different regions of the world and 
provides economic benefits for many countries including 
Iran, the largest pistachio producer (FAO, 2012; Zheng, 
2011). Natural occurrence of AFB1 in pistachio nuts has 
been reported in different countries. In Qatar, 27.7% of 
81 pistachio nut samples were found contaminated with 
AFs at >20 ng/g (Abdulkadar et al., 2000). Set and Erkman 
(2010) reported that 50.5% (48 samples from the total of 
95 samples) of unpacked pistachio nuts in Turkey during 
the years 2008-2009 were contaminated with AFB1 at 
levels ranging from 0.007 to 7.72 ng/g. Similar levels of 
contamination were reported for total AF. Also, according 
to a report from Iran, during the years 2009-2011, 6.8% 
of pistachio nut sub-samples (556 from the total of 8,203 
samples) were contaminated with AFB1 levels higher 
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than the maximum level allowed for AFB1 in Iran (5 ng/g) 
(Dini et al., 2013).

According to EU legislation, contaminant levels shall be 
kept as low as can reasonably be achieved by following good 
practice at all the stages (EC, 1993). In this regard, several 
treatments including hydrogen peroxide, γ-radiation, ozone, 
sodium hydroxide, sodium hypochlorite, electrolysed NaCl 
anode and acidic electrolysed oxidising water have been 
applied developed to inactivate AFs (McKenzie et al., 
1997; Mukendi et al., 1991; Patel et al., 1989; Suzuki et 
al., 2002; Zhang et al., 2012). Most of these treatments 
involve certain difficulties such as a need for expensive 
equipment, high energy consumption and loss of product 
quality. In addition, the undesirable health impacts of these 
methods have not been fully evaluated (Phillips et al., 1994; 
Samarajeewa et al., 1990). Therefore, it is necessary to seek 
for some methods that are safe, effective and energy-saving 
to deactivate/remove AFs from foodstuffs. Use of certain 
bio-based approaches is preferred for such treatments 
using different bacteria mainly from the family of lactic acid 
bacteria (Bueno et al., 2007; El-Nezami et al., 1998; Gratz 
et al., 2007; Haskard et al., 1998, 2001; Hathout et al., 2011; 
Hernandez-Mendoza et al., 2009; Lee et al., 2003; Peltonen 
et al., 2001; Zuo et al., 2013). Some strains of Saccharomyces 
cerevisiae were also reported as potential candidates to 
decrease AFB1 (Bueno et al., 2007; Devegowda et al., 1996; 
Madrigal-Santillán et al., 2006; Pizzolitto et al., 2011, 2012; 
Rahaie et al., 2010; Raju and Devegowda, 2000; Shetty et 
al., 2007; Slizewska et al., 2010). These microorganisms 
are capable of binding AFB1 in liquid media involving the 
formation of a reversible complex between the toxin and 
microorganism surface (Bueno et al., 2007; Lee et al., 2003).

Kefir grains (KGs) are formed by the symbiotic association 
of lactic acid bacteria and/or yeasts containing probiotic 
microorganisms. A number of studies have utilised such 
microorganisms (Lactobacillus plantarum, Lactobacillus 
casei and S. cerevisiae) for decontamination of AFB1 (Kakisu 
et al., 2013; Leite et al., 2012; Zhou et al., 2009). Ismaiel et 
al. (2011) showed that KGs possess certain antimicrobial 
activities against A. flavus AH3 and consecutive repression 
of AF production. The reduction of AFB1 in different food 
commodities is of the highest interest for human safety. 
To the best of authors’ knowledge, no studies have so far 
been reported on the possibility of AFB1 decontamination 
by KGs. Therefore, the objectives of this study were to 
evaluate the capacity of KGs to remove/deactivate AFB1 
from pistachio nuts. The effects of toxin concentration, 
KG level, contact time, incubation temperature and 
pre-treatment heat level on the reduction of AFB1 were 
investigated using full factorial design followed by response 
surface methodology (RSM).

2. Materials and methods

Sample preparation

Dehulled, undamaged and mature dry pistachio nuts 
(Ahmad-aghaee cultivar from Kerman, Iran) were used 
to investigate the deactivation treatments in the current 
study. Preparation of subsamples for extraction, analysis 
and further analytical experiment were carried out at the 
Mycotoxin Laboratory located in the Department of Food 
Science and Technology at the Standard Research Institute 
(Karaj, Iran) and Faroogh Scientific Research Laboratory 
(Tehran, Iran).

To minimise the subsampling errors in the study, samples 
were mixed with water in a 1:1 (w:w) ratio and ground 
using a slurry machine to provide a uniform paste based 
on a standard method from ISIRI (2011). A 50-g aliquot 
of this paste was used for each experiment and analysis 
was performed by using a high-performance liquid 
chromatography (HPLC).

Activation and maintenance of kefir grains

KGs were obtained from Department of Food Science, 
Engineering and Technology (University of Tehran, Tehran, 
Iran). In the laboratory, they were propagated in pasteurised 
skimmed cow’s milk at 23±2 °C for 24 h. To maintain grain 
viability, they were retrieved by sieving, re-inoculated into 
fresh milk and incubated under the same conditions on a 
daily basis (Tramšek and Goršek, 2007). Grains were then 
maintained at 4 °C for a short period of time (up to one 
week) before use in the treatments (Liu and Lin, 2000).

Preparation of kefir grains

For homogenisation of the KGs, 2.5, 5.0, 7.5, 10.0 and 
12.5 g (respectively, equal to 5, 10, 15, 20 and 25% in 
pistachio paste samples) were ground and mixed with 
equal amounts of water using an appropriate high-speed 
blender (minimum 6,000 rpm). KGs were treated in three 
levels (N = non-heated at room temperature; H = heated 
at 70±2 °C using a controlled hot plate for 5-10 min; and 
U = heated at 110±2 °C using an autoclave for 10 min).

Sample treatment with kefir grains

According to the matrix design, to prepare contaminated 
samples, each pistachio paste portion (50 g) was 
thoroughly contaminated with working solution of AFB1 
to reach 5, 10, 15, 20 and 25 ng/g concentrations of AFB1. 
The contaminated samples were then inoculated with 
2.5, 5.0, 7.5, 10.0 and 12.5 g (w/w) of KGs, shaken and 
incubated at different temperature levels (20, 30, 40, 50 
and 60 °C) for 0, 2, 4, 6 and 8 h while other parameters 
were maintained constant.
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Chemicals and reagents

Standard solution of AFB1 was obtained from Sigma-
Aldrich Chemical Company (St. Louis, MO, USA). 
Methanol, n-hexane, acetonitrile, sodium chloride, 
potassium bromide, nitric acid were from Merck Chemical 
Company (Darmstadt, Germany). To produce phosphate-
buffered saline, 0.20 g KCl, 0.20 g KH2PO4, 1.16 g anhydrous 
Na2HPO4 and 8.0 g NaCl were dissolved in 900 ml water 
and the pH was adjusted to 7.4 using 0.1 M HCl or 0.1 M 
NaOH (as needed) and diluted (with water) to 1000 ml.

Extraction of residual aflatoxin B1

For the extraction purposes, the test portions (25 g sample 
+ 45 ml water) were combined with 180 ml of methanol 
and 50 ml n-hexane and shaken vigorously (at 8,000 rpm) 
for 3-5 min and then diluted by 130 ml water before being 
filtered through a glass microfiber filter. Aflatest immuno-
affinity column (IAC; Faroogh Scientific and Research 
Laboratory, Theran, Iran) was used to clean up the samples. 
First, 10 ml of phosphate buffer saline was passed through 
the column to activate it for use in the subsequent stages 
and then 75 ml of the filtrate passed through at a rate of 1 
drop/s. The column was then washed using 15 ml water 
and dried by applying vacuum for 10 s. Finally, elution of 
the column was performed using methanol in two steps. 
First, 500 µl methanol was applied on IAC and allowed 
to pass through by gravity and then 1000 µl additional 
methanol was poured on the column after one min and 
the eluate was collected in a vial. The eluate was finally 
diluted using 1,500 µl water before being analysed by HPLC 
(AOAC, 2000; ISIRI, 2011). Recovery of the method was 
determined for each representative commodity and those 
lying within 60-120% recovery were accepted (Fajgelj and 
Ambrus, 2000).

HPLC procedure

An HPLC system (Waters 2695; Waters Corporation, 
Milford, MA, USA) using post column derivatisation 
(PCD) involving bromination was applied to determine 
AFB1 (AOAC, 2000; ISIRI, 2011). The HPLC system was 
equipped with a pump, a Waters 2475 multi-fluorescence 
detector and a Chromolit reversed-phase C18 analytical 
column (Merck Chemical Company; 20 cm × 4.6 mm 
× 4 µm). An electrochemical PCD system was applied 
using Farlib® EDC cell (Faroogh Scientific and Research 
Laboratory) for bromination purposes. 100 µl of each 
sample was injected into the HPLC system. Mobile phase 
was prepared by mixing water (600 ml), methanol (300 ml) 
and acetonitrile (200 ml) and adding 350 µl nitric acid 
(4 M) and 120 mg potassium bromide. All solvents were 
HPLC-grade. The flow rate was set at 2.5 ml/min. The 
detector was operated at 365 and 435 nm as excitation 
and emission wavelengths, respectively. For quantification 

purposes, a seven-point calibration curve was obtained on 
a daily basis using working standard solutions at different 
concentrations (0.4-7.2 ng/g). The limit of detection for 
AFB1 determination was obtained at 0.1 ng/g.

Experimental design and statistical analysis

Screening experiments to select main factors were 
performed with combination of five variables (toxin 
concentration, KG level, contact time, incubation 
temperature and pre-treatment heat level) by use of a 
general full factorial design (using a first order model). 
Data analysis was carried out by the analysis of variance 
(ANOVA) combined with Tukey’s mean comparison tests 
and step by step multiple regressions using the R statistical 
package (version R-3.0.3; https://cran.r-project.org/) at 
P<0.05.

A central composite design using RSM with four coded 
levels (main factors) was used to optimise significant 
factors. The results of the central composite design were 
fitted into a second-order polynomial equation by a multiple 
regression analysis. The fit of the polynomial model was 
expressed by the coefficients of determination R2.

3. Results and discussion

Screening the significant factors for experimental design

According to the results of a preliminary study, pistachio 
nuts treated with KG showed a positive effect on the 
removal of AFB1 (P=3.05×10-5) (Figure 1). Then, a full 
factorial design using four parametric variables (toxin 
concentration (X1), KG level (X2), contact time (X3) and 
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Figure 1. Range of variations in the preliminary study of the 
current work for the investigation of the effect of kefir grain 
(KG) on the reduction of aflatoxin B1 (AFB1). Control = samples 
with no KG treatment; Test = KG-treated samples (P=3.05×10-5).

https://cran.r-project.org
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incubation temperature (X4)) and one non-parametric 
variable (pre-treatment heat level (X5)) was applied to 
identify the main parameters (i.e. those having significant 
effects on the removal of AFB1). Several stages were used to 
carry out the analysis of the data. Table 1 shows the results 
for the ANOVA based on a first order model. According to 
the results, KG (P<0.05), contact time (P<0.05), incubation 
temperature (P<0.01) and pre-treatment heat level (P<0.001) 
positively influence AFB1 reduction. Then, means of the 
variables (X1, X2, X3, X4 in two levels and X5 in three levels: 
N, H, U) affecting AFB1 were compared against each other 
using Tukey’s multiple comparisons of the means (Table 2). 
The statistical test factor, P-value, was used to evaluate the 
significance of the models at the 95% confidence level. The 
results indicated that there were significant differences 
between the two levels of KG, contact time and incubation 
temperature as well as the three levels of heating treatments. 
Further analysis using the coefficient estimates in the full 
factorial design (Table 3) indicated that the first-order 
model was significant and only 2.04% of the total variation 
was not explained by the model (R2=97.96%). The value of 
adjusted coefficient of determination was also high enough 
(adjusted R2=97.09%) to confirm the high significance of 
the model (Myers and Montgomery, 2002). Therefore, 
considering the above justifications, the first-order model 
for AFB1 reduction was approved (Table 3). AFB1 reduction 
determined for the first order model is shown in Equation 1:

Y = 50.46 + 0.62 X1 + 1.38 X2 – 0.75 X3 – 96.32 X5N +  
		  6.39 X5NX3 � (1)

where Y is the experimental response of AFB1 reduction 
and X1 is the toxin concentration, X2 is the KG level, X3 
the contact time, and X5N is the pre-treatment heat level 
at non-heated condition.

Table 3 and Equation 1 show that the main first-order 
factors (X1, X2, X3) and X5N and also the interactions of 
X3 with X5N have the most pronounced effects on AFB1 
reduction. Therefore, the main factors along with incubation 
temperature (X4) obtained from ANOVA analysis in the 
screening test were used for further optimisation steps.

Comparing the means among the studied variables (Table 2) 
indicates that there were significant differences between 
the three levels of heating treatments on KGs (N, H and 
U) at 95% confidence level with the highest efficiency of 
AFB1 reduction at H and U conditions and the lowest 
efficiency for the non-heated KG (N). However, using the 
data obtained for the coefficient estimates (Table 3) shows 
that there were significant differences (99.9% confidence 
level) between the AFB1 levels in the non-heated grains 
(N) and grains heated at H level. These results are in good 
agreement with those of El-Nezami et al. (1998), Lee et 
al. (2003), Oatley et al. (2000), Rahaie et al. (2010), and 

Table 1. Analysis of variance and coefficient estimates in the first-order model.

Variable Degree of freedom Sum of squares Mean square F-value P-value

Toxin concentration 1 59 59 1.39 0.244
Kefir grain level 1 276 276 6.53 0.014
Contact time 1 254 254 6.01 0.018
Incubation temperature 1 437 437 10.34 0.002
Pre-treatment heat1 2 44,714 22,357 529.92 <0.001

1 Levels: H = 70±2 °C; U = 110±2 °C; and N = non-heated at room temperature.

Table 2. Multiple comparisons of the means for the variables in the first-order model.

Variable Comparison Differences Lower Upper Adjusted-P

Toxin concentration 10-20 (ng/g) 2.21 -1.57 6.00 0.244
Kefir grain level 5-10 (g) 4.79 1.00 8.58 0.014*
Contact time 2-4 (h) 4.59 0.81 8.38 0.018*
Incubation temperature 30-40 (°C) 6.03 2.24 9.81 0.002*
Pre-treatment heat1 H-N -61.38 -66.96 -55.79 <0.001*

H-U 6.27 0.68 11.85 0.024*
N-U 67.65 62.06 73.23 <0.001*

*P<0.05.
1 Levels: H = 70±2 °C; U = 110±2 °C; and N = non-heated at room temperature.
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Shetty et al. (2007), who reported that heat-treatment of 
microorganisms enhance their AFB1 binding abilities at 
20-90%. In agreement with the above reports, Bueno et 
al. (2007), Haskard et al. (2001), Pizzolitto et al. (2011) 
and Topcu et al. (2010) reported no significant differences 
between the viable and non-viable microorganisms in 
eliminating AFB1. Considering the above findings, KGs 
were heated under H conditions for further experiments 
in the current study.

The original concentration of AFB1 was also considered as a 
factor for detoxification efficiency, which was not significant 
(Table 1 and 2) but the results of the coefficient estimates in 
Table 3 shows a positive effect on the AFB1 reduction by KGs 
(P<0.05). Since the latter approach based on the coefficient 
estimates is more accurate, it was used for the evaluation of 
our data in the current study. Therefore, it can be concluded 
that the amount of toxin removed will increase with at higher 
AFB1 contamination levels. Whether such decrease is sufficient 
to reduce the toxin level below the maximum tolerable level 
established for the pistachio nuts will be discussed in the later 
sections. El-Nezami et al. (1998), Haskard et al. (1998), Lee 
et al. (2003) and Pizzolitto et al. (2011) have also reported 
similar relationship between the toxin concentrations and the 
efficiencies of microorganisms.

Optimising the model for the best detoxification effect

A central composite design using four factors (X1, X2, X3 and 
X4) each at five levels and seven replicates at the centre point (to 
account for pure internal error) was applied for the optimisation 
of AFB1 reduction in pistachio nuts. In these experiments, 
because of the results observed in the screening experiment 
and also the economic aspect which was related to the need for 
more energy consumption in the U condition (i.e. ultra-heated 
condition), KGs treated with 70±2 °C (H condition) were used 
for further optimisation. The design matrix for these factors 
in the optimisation runs was fitted to the data, as noted in the 
experimental section.

AFB1 level is the main factor and other variables are set for its 
reduction. Maximum tolerable levels set for AFB1 in pistachio 
nuts based on the Iranian standard is 5 ng AFB1 in 1 g pistachio. 
That level for the European Union legislation is set at 8 ng/g (EC, 
2010; ISIRI 2010). In this stage, the value of spiked AFB1 was 
examined under the conditions of a maximum level (25 ng/g) 
and a minimum (5 ng/g). The highest value of AFB1 reduction 
was observed at both higher and lower concentrations of KG 
in the first-order model (Table 3). The range of KG levels was 
also extended from 5-10 g (10–20%) to 2.5-12.5 g (5-25%). Such 
ranges for the contact time and incubation temperature were 
also extended from 2-4 h to 0-8 h and 30-40 °C to 20-60 °C, 
respectively, because of significant differences found between 
the two levels defined in the first-order model (Table 2) and in 
their interactions with other factors (Table 3).

Table 3. Coefficient estimates in the first-order model.

Variable Estimate Standard error t-value P-value

Intercept 50.46 11.88 4.24 <0.001
Toxin concentration (X1) 0.62 0.27 2.30 0.02
Kefir grain level (X2) 1.38 0.54 2.56 0.01
Contact time (X3) -0.75 1.35 -0.55 0.58
Incubation temperature (X4) 0.45 0.27 1.66 0.10
Pre-treatment heat-U (X5U) 25.52 16.80 1.51 0.13
Pre-treatment heat-N (X5N)1 -96.32 16.80 -5.73 <0.001

Interaction effects
X1X5N -0.65 0.38 -1.71 0.09
X1X5U -0.54 0.38 -1.43 0.16
X5NX2 0.04 0.76 0.06 0.95
X5UX2 -1.33 0.76 -1.74 0.09
X5NX3 6.39 1.91 3.33 <0.01
X5UX3 2.77 1.91 1.44 0.15
X5NX4 0.72 0.38 1.88 0.06
X5UX4 -0.26 0.38 -0.69 0.49

1 Levels: H = 70±2 °C; U = 110±2 °C; and N = non-heated at room temperature.
R2=97.96%; Adj R2=97.09%; P<2.2×10-16.
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Based on the ANOVA and coefficient estimates (Table 4) 
obtained from the second-order model the quadratic regression 
was significant (P=0.0001) and the lack-of-fit was insignificant 
(P=0.096). The value of the coefficient of determination (R2) 
was 86.37% suggesting that the model (Equation 2) accurately 
represents the data in the experimental region:

Y = 86.44 + 3.25 X1 + 0.35 X2 + 1.58 X3 – 0.93 X4 +  
		  1.04 X2

4 + 1.42 X1X2 + 1.34 X1X4 – 2.16 X3X4� (2)

Table 4 and Equation 2 show that toxin concentration 
and contact time have the most significant effects on the 
AFB1 reduction (P<0.001 and P<0.01, respectively). The 
interactions between the applied factors in AFB1 reduction 
(toxin concentration with KG: P<0.05; toxin concentration 
with incubation temperature: P<0.05; and contact time with 
incubation temperature: P<0.01) are shown in Figure 2. 
Reduction in AFB1 increased with an increase in the toxin 
concentration and KG level (Figure 2A). But, it did not reach 
zero. Bueno et al. (2007) and Lee et al. (2003) suggested that 
a reversible process could be involved in AFB1 reduction 
prohibiting a full removal of the toxin. At low concentrations 
of KGs (under 10%), increasing toxin concentration resulted 
in a maximum AFB1 decontamination of 86%. This may be 
due to a saturation occurring in the binding equilibrium 
between the microflora of KG and AFB1 (Pizzolitto et al., 
2011). On the other hand, at high toxin concentrations (20-
25 ng/g), the reduction of AFB1 increased with an increase 
in the KG level from 5 to 25%. With toxin concentration at 5 

to 20 ng/g, an increase in AFB1 reduction (from 72 to 88%) 
is observed at a contact time of up to ~6 h. At high toxin 
concentration levels (20-25 ng/g), a 90% AFB1 decrease 
occurs in less than 1 h (Figure 2B).

When using low toxin concentrations (5-10 ng/g), AFB1 
reduction decreased with an increase in the temperature 
(up to ~50 °C). A 92-96% reduction in the AFB1 level 
occurred at high toxin concentrations of 20-25 ng/g and 
at 50-60 °C incubation temperature (Figure 2C). Reduction 
of AFB1 increased with an increase in the contact time at 
the lowest incubation temperature of ~20 °C. But, at higher 
temperatures (50-60 °C), the reduction was very fast (92% 
reduction in 0-1 h) (Figure 2D). According to the obtained 
results for the optimisation step (using the estimates in 
Equation 2(, KG level at 10 g (equal to 20% in pistachio 
paste samples), contact time at 6 h and an incubation 
temperature at 30 °C were the optimal conditions for the 
highest reduction in the AFB1 level (96%) with an original 
toxin concentration at 20 ng/g. Such finding was examined 
using six replicates of contaminated pistachio paste. The 
obtained value (92%) was compared with that of the model 
(96%) using the t-test indicating a good agreement between 
these data (R2=92.49).

 
 

Table 4. Analysis of variance and coefficient estimates in the second-order model.

Source of variation Degree of freedom Sum of squares Mean square F-value P-value

Linear 4 338.38 84.59 15.25 <0.001
Interaction 6 179.54 29.92 5.39 0.003
Square 4 44.45 11.11 2.00 0.142
Residuals 16 88.75 5.54
Lack of fit 10 73.92 7.39 2.98 0.096
Pure error 6 14.84 2.47

Term Estimate Standard error t-value P-value

Intercept 86.44 0.89 97.10 <0.001
Toxin concentration (X1) 3.25 0.48 6.76 <0.001
Kefir grain level (X2) 0.35 0.48 0.73 0.473
Contact time (X3) 1.58 0.48 3.30 0.004
Incubation temperature (X4) -0.93 0.48 -1.95 0.068
Interaction effects
X1X2 1.42 0.58 2.41 0.028
X1X4 1.34 0.58 2.27 0.036
X3X4 -2.16 0.58 -3.67 0.002
X4

2 1.04 0.44 2.38 0.029

R2=86.37%; Adj R2=74.44%; P=0.0001.
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4. Conclusions

The effects of five independent variables including 
toxin concentration, KG level, contact time, incubation 
temperature and pre-treatment heat level on AFB1 reduction 
were investigated using a sequential optimisation strategy (a 
full factorial design followed by a central composite design). 
The results obtained for the pistachio paste (as used in 
the current study) indicated that KGs pre-treated at 70 °C 
caused significant reduction (P<0.05) in AFB1 level in the 
contaminated pistachio samples. AFB1 removal increased 
with increase in contact time (0 to 8 h) at 20 °C. But, at 50-
60 °C the reduction was very fast (92% reduction in 0-1 h). 
The reduction level for AFB1 was also dependent on toxin 
concentration (P<0.001). When applying such treatments 
for whole pistachio kernels, there might be some other 
parameters (such as available surface area) that need to be 
considered for more appropriate evaluation of the treatment 
efficiency for whole kernels.

The optimisation part of the study indicated that maximum 
AFB1 reduction (96%) would be obtained at 20 ng/g toxin 
concentration, 20% KG (based on the amount of pistachio 
paste), 6 h contact time and 30 °C incubation temperature. 
These optimal conditions were then validated and a 
good accuracy was found among the results (R2=92.49). 
Therefore, the optimal conditions obtained in this study 
were approved for the treatment of pistachio nuts with KGs 
pre-treated at 70 °C. As a final conclusion, the optimised 
detoxification conditions obtained in the current study can 
be suggested for routine AFB1 detoxification in pistachio 
nuts. However, as a warning to the consumers, since the 
binding of AFB1 with microorganisms is a reversible 
process (Bueno et al., 2007; Lee et al., 2003) the toxic effects 
observed from the treated pistachio with KG may be higher 
than what is expected in the current study. Therefore, future 
in vivo studies are required to verify the efficacy of KG on 
the consumed contaminated pistachios.
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Figure 2. Contour plots of the model equation fitted to the data of the central composite design for the interaction between (A) 
kefir grains and aflatoxin B1 (AFB1), (B) AFB1 and contact time, (C) AFB1 and temperature, and (D) contact time and temperature.
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