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Abstract 

Aflatoxins (mold-synthetized secondary metabolites) contamination associated with food such as spices continue to be 
a global problem in the world. The aim of this study was to measure the standard parameters of validation (Linearity, 
occuracy, repeatability, intermediate precision, reproducibility, limit of detection, limit of quantification and 
robustness) of the total Aflatoxins (AFt) low-matrix Enzyme-Linked ImmunoSorbent Assay (ELISA) Kit (Lot No. 062218, 
RENEKABIO, USA) and used this method to evaluate the contamination degree of AFt ( AFB1, AFB2, AFG1 and AFG2) in 4 
different spice matrices [white pepper (Piper nigrum), black pepper (Piper nigrum), njansang (Ricinodendron 
heudelottii) and super épice mbongo  ( Mix of Aframomum citratum, Monodora myristica and Afrostyrax lepidophyllus] 
marketed in Cameroon and commonly used as ingredients in Cameroonian sauces. The test was performed as a solid 
phase direct competitive ELISA using a horse radish peroxidase conjugate as the competing, measurable entity. 

Data obtained from validation showed linearity in the range between 0 g kg-1 and 20 g kg-1; an accuracy marked by a 
recovery rate ranging from 95.09 % to 110.29 %; a coefficient of variation (CV) of repeatability of 3.14 %, a coefficient 
of variation (CV) of intermediate precision of 6.82 % and a coefficient of variation (CV) of reproducibility of 13.96 %. 
Detection and quantification limits of 0.15 g kg -1 and 0.50 g kg -1 were determined, respectively. The robustness test 
revealed a critical point of the method as an incubation for 30 minutes at room temperature. The application of the 
method to our spices analyzed revealed 100 % contamination of 2.34 ± 0.25 µg kg -1 (white pepper), 2.37 ± 0.38 µg kg -1 
(black pepper), 2.58 ± 0.87 µg kg -1 (Njansang) and 6.60 ± 5.21 µg kg -1 (Super épice mbongo).  

The RENEKABIO low matrix ELISA kit used for this research enables an accurate, reliable and faithful screening and 
quantification of AFt in spice matrices. This will be an asset in quality control of spices marketed in Cameroon. 
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1. Introduction

Spices are non-caloric substances used for diets and to bring a lot of flavor to food [1, 2] The Cameroonian cuisine uses 
a plethora of spices, some of which are imported and others are locally produced such as white pepper, black pepper, 
njansan, ginger, cinnamon, anise, clove etc. [3]. After harvest, they are stored in shops, storehouses, warehouses and 
households. However, the storage conditions of these spices are favorable for the development of molds, which produce 
mycotoxins that contaminate spices [4-6]. Ingestion of these toxins leads to diseases known as "mycotoxicoses", 
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manifested by certain disorders (vomiting, abdominal pain, convulsions, coma ...) sometimes having a fatal outcome [7-
8]. There are more than 400 types of mycotoxins [8-9] those mainly found in Africa are Aflatoxins, Ochratoxin A and 
Fumonisins. Of all these toxins, Aflatoxins are the most studied and the most feared, as some such as Aflatoxin B1, the 
most toxic, is a class 1 carcinogen [10] naturally produced by a fungi of the family Aspergillus, especially Aspergillus 
flavus. This form of Aflatoxin is directly related to adverse health effects such as liver cancer and cirrhosis depending on 
the degree of exposure [11]. 

Conventional chemical methods for the analysis of Aflatoxins such as thin layer chromatography, column 
chromatography, high performance liquid chromatography, mass spectrometry are laborious, time-consuming, and 
expensive and require intensive sample cleaning [12]. New efforts have been made to develop and use the ELISA or 
Enzyme-Linked Immunosorbent Assay method for the determination of Aflatoxins in feeds and foodstuffs. ELISA 
methods although in some instances give acceptable performances have not been validated at sufficiently low levels 
and are limited in the range of matrices examined [13]. Therefore, an extensive study on the accuracy and precision of 
ELISA method over a wide range of commodities is needed and a full validation for an ELISA method is essential and 
critical [13]. Several research studies have been done on the level of mycotoxin contamination of spices and the results 
reveal a high level of contamination that sometimes exceeds recommended standards [14]. In order to prove that the 
protocol of an ELISA RENEKABIO test kit is sufficiently accurate and reliable to have confidence in the results provided 
for decision-making, this study is conducted to implement a quantitative ELISA test and to validate it, for the 
determination of total Aflatoxins (AFB1, AFB2, AFG1, AFG2) in spices marketed in our country.  

2. Material and methods 

2.1. Sampling  

We carried out a "snow ball" sampling nearby major spice [White pepper (Piper nigrum), Black pepper (Piper nigrum), 
Njansang (Ricinodendron heudelottii) and Super épice mbongo (Aframomum citratum, Monodora myristica, Afrostyrax 
lepidophyllus)] distributors of some markets in Yaoundé, Cameroon) (Mokolo, Mfoundi, Mvog-bi, marché huitième and 
Essos market). The sampling was done during May 2019 according to the European Commission Regulation [15], which 
stipulates that the collection of elementary samples for mycotoxicological analyzes must be done at various points 
distributed over the entire batch or sublot. Then the overall sample is obtained by uniting the elementary samples. In 
each market, we took 4 global samples of 500g (one global sample per spice) and a total of 16 global samples. They were 
then tagged and sent to the Laboratory of Food Study and Quality Control in the Centre of Research in Food, Food 
Security and Nutrition of the Institute of Medical Research and Medicinal plants Studies in Cameroon where they 
followed various treatments. 

2.2. Treatment of samples 

The samples were dried in a "MEMMERT" brand ventilation oven at 50 ° C for 3 days, in order to facilitate grinding and 
to obtain a fairly fine powder having a particle size of at least 0.05. These samples were then ground in an electronic 
machine brand "Sanford SF5664CG" until the finest possible particle size. This done, the powder was introduced into 
hermetically sealed plastic containers and kept in the freezer for various analyzes. 

2.3. Extraction of total Aflatoxins in spice samples 

The extraction of total Aflatoxins in our samples was done with 80 % methanol as described by the kit "Total Aflatoxin 
Low Matrix ELISA Lot No: 062218". Firstly, we prepared the extraction solvent by adding 800 mL of Methanol (with a 
degree of purity of 100 %) to 200 mL of distilled water in an Erlenmeyer flask and homogenized with a magnetic stirrer 
for 5 minutes. Then we took 5 grams of our ground sample to which we added 25 mL of the extraction solvent, after 
which the mixture was vortexed for 5 minutes, centrifuged at 3500 rpm for 5 minutes and finally, the supernatant was 
extracted using a micropipette tip in a hemolysis tube. 5 mL of the extract was filtered using a N°1 Wattman paper and 
1mL of the filtrate removed and diluted by adding 9 mL of the washing buffer. The latter was covered with aluminum 
foil and used for various analyzes. The total dilution factor was 1:50. 

2.4. Determination of total Aflatoxins by the ELISA method 

The total Aflatoxins assay in our spice samples was done by the ELISA (Enzyme-Linked ImmunoSorbent Assay) method. 
The ELISA kit (Total Aflatoxin low-matrix ELISA Kit, Lot No. 062218, RENEKABIO, USA) used for the detection and 
quantification of total Aflatoxins (AFB1, AFB2, AFG1, AFG2) is said to be by direct competition.  
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For precaution, all the manipulations were done under the hood in order to avoid poisoning. At First, all the reagents 
and samples were brought back to room temperature and the wash buffer was brought to 1L with distilled water. Then, 
the mixing wells were placed in a micro-well holder and an exact number of antibody coated microtiter well were also 
placed in another micro-well holder. In each mixing well, we simultaneously dispensed 200 μL of the sample diluent 
using a monoclonal micropipette and then 100 μL of each standard (concentration 0.05 μg mL-1, 0.02 μg mL-1, 0.05 ηg 
mL-1, 0.1 ηg mL-1, 0.2 ηg mL-1 and 0.4 ηg mL-1 respectively) and prepared samples, all mixed by priming the micropipette 
3 times. Using a new tip, we transferred 100μL of the contents of each mixing well into the corresponding antibody-
coated microtiter wells. The whole was covered with aluminum foil and incubated for 30 minutes at room temperature. 
After incubation, the contents of each well were decanted into a discard basin and washed with washing buffer 3 times 
(this consisted of introducing into each microtiter 300 μL of the wash buffer with a micropipette, followed by the 
emptying of these and the whole process done three times). The residual water from the wells was subsequently 
removed by tapping the microwells face down on a layer of absorbent towels. After that, 100 μL of conjugate (Aflatoxin 
HRP-Conjugate) was added to each well and the whole covered with aluminum foil and then incubated again at room 
temperature for 30 minutes. After the incubation time, we washed the microwells again with the washing buffer 3 times. 
Subsequently, we added 100 μL of the substrate reagent (tetramethylbenzidine) to each well, covered with aluminum 
foil and incubated at room temperature for 10 minutes. After the incubation, 100 μL of stop solution (acid solution) was 
added per well and the optical densities read at 450 nm using the Bexim ELISA microplate reader (LEDETECT 96). The 
total incubation time of the kit was 1 hour 10 minutes. 

2.5. Determination of the standard validation parameters of the ELISA test 

2.5.1. Choice of the area of validity of the method (Linearity) 

Validation interval: the validation range was from 0.00 ηg mL-1 to 0.4 ηg mL-1 (Table 1). 

Table 1 Validation domain 

Level Concentration (ηg mL-1) 

1 0.0 

2 0.02 

3 0.05 

4 0.1 

5 0.2 

6 0.4 

2.5.2. Experimental design of the other parameters of validation of the ELISA kit 

The validation plan is formed on one side of I = 2 series (coded day 1 and day 2) for accuracy and intermediate fidelity 
with K = 4 concentration levels (X1, X2, X3 and X4) and K = 1 concentration level (X5), J = 3 repetitions and J = 10 
repetitions per day respectively. On the other hand, it consists of I = 1 series (coded day 1), with K = 1 level of 
concentration and J = 10 repetitions per day (for repeatability, reproducibility and limit of detection) and J = 3 
repetitions per day (for robustness) (Table 2). 
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Table 2 Experimental design of other parameters of validation 

Parameter Level 
(K) 

Concentration Level (X) 
(µg kg-1) 

Days (I)  Number of 
repetitions (J) 

Limit of detection/quantification 1 X1 1 10 

Accuracy 1 X2 1 3 

2 3 

 2 X3 1 3 

2 3 

 3 X4 1 3 

2 3 

 4 X5 1 3 

2 3 

Precision (repeatability) 1 X6 1(morning) 5 

1(evening) 5 

Precision (Intermediate precision)  1 X6 1 10 

2 10 

precision (reproducibility) 1 X6 1 10 

Robustness 1 X7 1 (37°C) 3 

1 (15min) 3 

2.5.3. Limit Of Detection (LOD)  

The detection limit of our ELISA test was determined by a method described by the “Center of Expertise in 
Environmental Analysis of  Québec” [16]. 

 Exactly 10 replicas of the white pepper sample (from the samples analyzed above) with a concentration of X1 = 2.28 μg 
kg-1 were analyzed following all the steps of the analytical method, after which we calculated the resulting 
concentrations and their averages. From the mean of the concentrations, we calculated the standard deviation and the 
coefficient of variation (CV) using the formulas below. 

𝑠 = √
∑ (𝑚 − 𝑥𝑖)2𝑛

𝑖=1

𝑛 − 1
 

𝐶𝑉(%) =
𝑠

𝑚
× 100 

m: Arithmetic mean of a series of measurements; 
xi: Individual measures; 
n: Number of measurements; 
s: Standard Deviation of a series of measurements 
CV: Coefficient of Variation 
 
The limit of detection was calculated from the following formula; 

𝐿𝑂𝐷 = 3 × 𝑠 

2.5.4. LOD: Limit of detection 

S : standard deviation of a series of measurements 
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The detection limit being obtained, we went forth by calculating the validity of the approach (compliance ratio (R)). In 
general, if the result of the calculation for a ratio R used to establish a limit of detection is not greater than 4, the 
procedure for establishing the limit of detection is applied once more with a sample that has a higher concentration. We 
calculated the compliance ratio with the formula below; 

𝑅 = 𝑚 × 𝐿𝑂𝐷 

R: Compliance ratio; 
m: Arithmetic mean of the n replicas; 
LOD: Limit of detection 

2.5.5. Limit Of Quantification (LOQ) 

The LOQ was determined by a method described by [16]. It was obtained from the standard deviation in the evaluation 
of the limit of detection. The following formula was used to calculate the limit of quantification; 

𝐿𝑂𝑄 = 10 × 𝑠 

LOQ: Limit Of Quantification 
s: Standard Deviation 

2.5.6. Accuracy (systematic error) 

The accuracy of our ELISA test was determined by a method described by [16]. 

About 100 μL of each certified reference material (standard) with a concentration level of X2 = 0.05 ηg mL-1, X3 = 0.1 ηg 
mL-1, X4 = 0.2 ηg mL-1 and X5 = 0.4 ηg mL-1, were analyzed by the ELISA method (whose procedure is described above) 
in 6 tests (3 on the first day and the other 3 on the second day), then the concentrations of each test, followed by their 
averages were calculated. The accuracy of this method has been determined and expressed in terms of bias and recovery 
rate by the formulas presented in Table 3 below. 

Table 3 Validation Values for Accuracy 

Parameters of accuracy Expression  Equation  

Absolute accuracy bias  B 𝑦̿  − 𝑉  

Relative accuracy bias  B(%) (𝑦̿  - V) / V x 100 

Recovery rate TR(%)  𝑦̿  /V x100 

 

where 

𝑦̿  = arithmetic mean, V = given concentration 

2.5.7. Precision (random error) 

The precision of our ELISA test was determined by a method described by [16]. 

2.5.8. Repeatability 

Ten replicas of the white pepper samples with a concentration of X6 = 2.70 μg kg-1 were analyzed by the same analyst, 
the same apparatus and the same day at all the stages of the analytical method. Five replicas were analyzed in the 
morning and five more in the evening. Then we calculated the mean (y1) and the standard deviation (δ1) of the 
concentrations obtained, followed by their coefficient of variation (CVr). The value of the repeatability was determined 
from the equation below. 

CVr = δ1/y1 x 100 

CVr = Coefficient of Variation of repeatability 
δ1 = Standard Deviation of a series of measurements referring to repeatability  
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y1= Mean 

2.5.9. Intermediate precision 

Twenty replicas of the white pepper samples with a concentration of X6 = 2.70 μg kg-1 were analyzed according to all 
the steps of the analysis by the same analyst, the same apparatus but on different days. Ten samples were analyzed the 
same day and the other 10 the next day. Then we calculated the mean (y2), the standard deviation (δ2) and the coefficient 
of variation (CVi) of the concentrations obtained. The value of the intermediate precision was determined from the 
equation below. 

CVi = δ2/y2 x 100 

CVi = Coefficient of Variation of intermediate precision 
δ2 = Standard Deviation of a series of measurements referring to intermediate precision 
y2= Mean 

2.5.10. Reproducibility 

Ten replicas of the white pepper samples with a concentration of X6 = 2.70 μg kg-1 were analyzed according to all the 
steps of the analysis in another laboratory (the quality control laboratory of the Center for Research in Nutrition of the 
Institute of Medical Research and Studies of Medicinal Plants). The analysis were done by a different analyst, different 
devices and on a different day. Subsequently, we calculated the mean (y3), standard deviation (δ3) and coefficient of 
variation (CVR) of the concentrations obtained. The reproducibility value was determined from the equation below. 

CVR = δ3/y3 x 100 

CVR = Coefficient of Variation of reproducibility 
 δ3 = Standard Deviation of a series of measurements referring to reproducibility 
y3= Mean 

2.5.11. Robustness 

For the determination of the robustness of our method, we chose the following parameters: incubation temperature (37 
° C) and incubation time (15 min) according to a method proposed by the Codex Alimentarius Commission [17]. Three 
sets of three samples of white pepper with a concentration of X7 = 2.26 μg kg-1 were analyzed according to all the steps 
of the analysis method at an incubation temperature of 37 ° C, an incubation time of 15 minutes and at an initial volume 
of the measured extract of 50 μl respectively. Then, concentrations and their averages were calculated. 

2.6. Determination of total Aflatoxins in prepared spice samples by the validated method. 

After the validation of the ELISA test used, we applied it in the assay of the spice samples collected according to the 
protocol described above. A total of 16 global spice samples were assayed. 

2.7. Statistical analysis 

The results of the various analyzes were presented as mean ± standard deviation with a significance level of 5 % and in 
the form of coefficient of variation (CV). The statistical analysis was performed by the IBM / SPSS 20.0 for Windows 
software using the ANOVA test to compare averages and the Microsoft Office Excel 2013 software was used for graphical 
representations. 

3. Results  

3.1. Linearity 

Figure 1 below is the calibration curve of 6 standards assayed by the ELISA method. This figure is the representation of 
y (percentage of binding, obtained by the division of the optical densities (OD) of each standard by the OD of the 
standard at the concentration 0 ηg mL-1, and the whole multiplied by 100) against the concentrations of the standards 
(0 ηg mL-1, 0.05 ηg mL-1, 0.1 ηg mL-1, 0.2 ηg mL-1 and 0.4 ηg mL-1 respectively) provided in the kit. It has an equation of 
the form y = ax + b with y =% of binding, x = concentration of AFt to be determined, and b constants generated when 
drawing the line in Excel. The cloud of points obtained enabled us to determine the equation of the curve y = -4.1366x 
+ 98.036, with a correlation coefficient (R2) of 0.9856. 
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Figure 1 Calibration curve of standards assayed by the ELISA method 

3.2. Limit of Detection (LOD) and Limit of Quantification (LOQ)  

The detection limit and the limit of quantification of our quantitative ELISA kit are shown in Table 5 below. According 
to this table, the smallest amount that can be detected by our ELISA kit is 0.14 μg kg-1. This result was obtained from 10 
tests having an average concentration of 2.35 μg kg-1, a standard deviation of 0.05 μg kg-1 and a repeatability CV of 2.11 
%. The calculation of the compliance ratio gave us a value of 15.77 indicating that the concentration used was good and 
fair. The limit of quantification found by our method is 0.5 μg kg-1. The latter was determined through 10 tests having 
an average concentration of 2.35 μg kg-1, a standard deviation of 0.05 μg kg-1 and a repeatability CV of 2.11 %.  

Table 4 Limits of detection and quantification of the kit 

Parameter Mean (µg 
kg-1) 

Standard deviation 
(µg kg-1) 

Concentration 
(µg kg-1) 

CV compliance 
ratio (R) 

 LOD  2.35 0.05 0.15  2.11  15.77 

 LOQ  2.35 0.05 0.50  2.11  -------- 

3.3. Accuracy 

The values of the parameters of accuracy are presented in Table 6 below. Based on these results, the absolute accuracy 
bias shows deviations ranging from -0.49 to 0.51 μg kg-1. As for the relative accuracy bias or relative error, we obtained 
values ranging from -4.91 to 10.29 % and a recovery rate ranging from 95.09 to 110.29 %. 

Table 5 Results of the parameters of accuracy 

Concentration 
levels (ηg mL-1) 

 Parameters of accuracy 

Absolute accuracy 
bias (µg kg-1) 

Relative accuracy bias 
or relative error (%) 

Recovery rate 
(%) 

Standard deviation 
(µg kg -1) 

0.05 -0.08 -3.12 96.88 0.46 

0.1 0.51 10.29 110.29 1.03 

0.2 -0.49 -4.91 95.09 0.44 

0.4 0.24 1.22 101.22 0.16 

 

According to European Commission 2002/658 / EC [18], in the case of repeated analyzes of a certified reference 
material, the difference between the corrected average weight fraction of the experimentally determined recovery and 
the certified value shall be within the limits set out in Table 7 below. This table stipulates that for a certified reference 
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material (standard) with a concentration between 1 and 10 μg kg-1 and a concentration equal to or greater than 10 μg 
kg-1, the recovery must be between 70 % - 110 % and 80 % -110 % respectively.  

Table 6 Limits on the recovery rate at given concentrations 

Concentration fractions (µg kg-1) Recovery rate interval (%) 

< 1 -50 to + 20 

>1-10 -30 to + 10 

≥10 -20 to +10 

Weight fraction (ppb) Beach (%) 

< 1 -50 to+20 

>1-10 -30 to + 10 

≥10 -20 to +10 

3.4. Repeatability, intermediate precision and reproducibility 

As shown in Table 8 below, the coefficient of variation of repeatability that reflects intraday precision is 3.14 % with a 
standard deviation of 0.08 μg kg-1. That of the intermediate precision which reflects the inter-day precision is 6.82 % 
with a standard deviation of 0.18 μg kg-1 and finally the CV of reproducibility is 13 % with a standard deviation of 0.32. 
This difference in the coefficients of variation could be due to errors of inter-day and intraday manipulation. Moreover, 
the difference between the devices and tools of the two laboratories (National Veterinary Laboratory and CRASAN's 
(Center for Research of Food, Food Security and Nutrition of the Institute of Medical Research and Studies of Medicinal 
Plants) Quality Control Laboratory), the handling conditions presented by the two laboratories and the laboratory 
technicians could be at the origin of these differences. 

Table 7 Results of the precision’s parameters [18] 

Parameter of precision Mean (µg kg-1) Standard deviation (µg kg-1) Coefficient of variation (CV) /% 

Repeatability 2.68 0.08 3.14 

Intermediate precision 2.61 0.18 6.82 

Reproducibility 2.28 0.32 13.96 

The requirements of FSA[19] on the coefficients of variation (CV) to be respected for the repeatability, intermediate 
precision and reproducibility of quantitative methods are presented in Table 9 below.  

Table 8 FSA requirements for coefficients of variation (CV) of repeatability, intermediate precision and reproducibility 
[19] 

Concentration (µg kg-1) CV of repeatability and intermediate precision (%) CV de reproducibility (%) 

1 ≤ 20 ≤ 30 

10 ≤ 20 ≤ 30 

100 ≤ 15 ≤ 25 

1000 ≤ 12 ≤ 20 

 

3.5. Robustness 

Table 10 below presents the robustness test data obtained by our ELISA method. Regarding the robustness parameter 
referring to incubation for 15 minutes at room temperature, we obtained an average of 3 tests amounting to 0.75 ± 0.13 
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μg kg-1. Regarding the parameter of robustness having time of incubation 30 minutes at 37 ° C, we obtained an average 
of 1.41 ± 1.03 μg kg-1 for 3 tests. 

Table 9 Robustness parameter results 

Parameters of 
robustness 

test 1 
(µg 
kg-1) 

test 2 
(µg 
kg-1) 

test 3 
(µg 
kg-1) 

mean 

(µg kg-1) 

Concentration in 
normal 
conditions 

(µg kg-1) 

Lower limite 
(-30%) (µg 
kg-1) 

Upper 
limit 

(+30%) 
(µg kg-1) 

Incubation for 

15 min at room 
temperature 

Incubation at 
37°C for 30 
minutes 

0.63  0.75  0.88  0.75 ± 0.13  2.26 1,58 

 

2,94 

 

2.51   1.24  0.48  1.41 ± 1.03  2.26  1.58  2.94 

3.6. Quantitative total Aflatoxins in spices samples 

The calibration curve (Figure 1) allowed us to calculate the total Aflatoxins concentrations in our spice samples, the 
results of which are shown in figure 2. As this shows, the samples of white pepper, black pepper, njansang and super 
épice mbongo are 100 % contaminated, with the contamination of white pepper, black pepper and njansang significantly 
different from that of super épice mbongo. Total Aflatoxins concentration in white pepper had an average of 2.34 ± 0.25 
μg kg-1. In black pepper, we had average concentration of total Aflatoxins of 2.37 ± 0.38 μg kg-1. Njansang had total 
aflatoxins concentrations average of 2.58 ± 0.87 μg kg-1. The super épice mbongo contains average total Aflatoxins of 
6.60 ± 5.21 μg kg-1.  

 

Figure 2 Mean of total Aflatoxins concentrations in spices samples  

4. Discussion 

The pattern of the calibration line (figure 1) shows that it is linear in the range between 0 μg kg-1 and 20 μg kg-1 with a 
correlation coefficient (R2) of 0.99. This implies that the method in question can quantify total aflatoxins in a 
concentration range going from 0 μg kg-1 to 20 μg kg-1. These values are similar to those obtained by Raquel et al. [20] 
who worked on the development and validation of an HPLC method for the detection and quantification of Ochratoxin 
A in green tea and obtained a linearity ranging from 3 μg kg-1 to 23 μg kg-1. 
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The detection limit obtained (0.15 μg kg-1) is lower than the maximum limit of Aft in spices set by the European 
Commission (10 μg kg-1) and the Codex Alimentarius Commission (FAO / WHO) (20 μg kg-1 at 30 μg kg-1) [21]. Thereby, 
the ELISA test can detect concentrations far below the limits set by the regulation. In addition to that, the limit of 
detection obtained is lower than that obtained by the HPLC method in the determination of AFt in wheat, carried out by 
Felipe et al [22] which obtained a detection limit of 0.6μg kg-1.The limit of quantification determined is lower than the 
maximum limit of Aft in spices set by the European Commission (10 μg kg-1), thus showing that the method is capable 
of quantifying AFt in spices at very low concentrations below the regulatory limit. Furthermore, this limit is lower than 
that obtained by Felipe et al [22], who noted a limit of quantification of 1.2 μg kg-1, by the HPLC method. 

Thus, the concentrations of our standards used being included in these ranges (2.5 – 20 μg kg-1), we can qualify our 
method as being fair, because it gave us a recovery rate ranging from 95.09 to 110.29 %, which is within the range 
provided by the regulations. 

According to the table 9, samples with concentrations ranging from 1 to 10 μg kg-1 must have a CV ≤ 20 % for 
repeatability and intermediate precision and a CV ≤ 30 % for reproducibility. Those with a concentration of 100 μg kg-1 
and 1000 μg kg-1 must have CV ≤ 15 % and CV ≤ 12 % for repeatability and intermediate precision respectively and CV 
≤ 25 % and ≤ 20 % for reproducibility respectively. The concentration of the white pepper sample analyzed for this 
parameter was 2.70 μg kg-1. This concentration being found between 1 and 10 μg kg-1 must according to the regulations 
below have a CV ≤ 20 % for repeatability and intermediate precision and a CV ≤ 30 % for reproducibility. In Table 8 
above, we obtained on one hand a CV of repeatability and intermediate fidelity of 3.14 % and 6.82 % respectively and 
on the other hand a CV of reproducibility of 13.96 %. These CV obtained are respectively < 20 % and < 30 %. Thus, based 
on the regulations in force above, we can qualify our method as being faithful. 

According to standards established by the Codex Alimentarius Commission [17], on guidelines for performance criteria 
and validation of methods for the detection, identification and quantification of specific DNA sequences and specific 
proteins contained in food, the response of a robustness test in the presence of these small changes (incubation time, 
incubation temperature) should not deviate by ± 30 percent from the response obtained in the original conditions. The 
result obtained for the normal handling conditions (incubation at room temperature for 30 min) was 2.26 μg kg-1. From 
the latter we established a lower bound of 1.58 μg kg-1 (-30%) and an upper limit of 2.94 μg kg-1 (+ 30 %). By observing 
the results obtained after a modification of the incubation time and the incubation temperature (Table 10), we can 
affirm that the kit is not robust neither when the incubation time is reduced to 15 minutes, nor even when the incubation 
temperature is increased to 37 ° C. This could be explained by the fact that the incubation time of 15 minutes is short 
and insufficient to allow AFt to bind to the fixed antibodies in the microtiter wells. And also by the fact that the 
incubation temperature of 37 ° C is not optimal for the binding between antibody and AFt. 

The absoluteness of Aflatoxin contamination in spices (white pepper, black pepper, njansang and super épice mbongo ) 
sold in the city of Yaoundé could be attributed in part to the hot and humid weather conditions, which could favor the 
proliferation of toxigenic fungi. This environment provides optimal conditions for mold growth and subsequent 
accumulation of mycotoxins in spices over time as spices are a natural medium for mold growth. Moreover, agricultural 
practices such as irrigation, harvesting and post-harvest handling of spices could also contribute to contamination by 
toxigenic fungi. This can be remedied by using good agricultural practices such as the use of genetically modified seeds 
to resist mold growth, crop rotation, cleaning of grain harvesting or transporting machinery and storage silos. These 
levels of total Aflatoxins found in our different spice samples are below the maximum limit set by the European 
Commission [23], which states that spices intended for human consumption must not exceed a rate greater than 10 μg 
kg-1. In addition to that, the Codex Alimentarius Commission, following a study conducted in 2018, has set a maximum 
total Aflatoxins limit of 20 to 30 μg kg-1 in spices in general [20]. This would also mean that the deleterious nature of the 
spices which are the subject of our study is negligible. Water content, which is one of the fundamental parameters in 
mold development and AF production, may also explain lower concentrations than the observed regulation. These water 
contents obtained not being above the recommended limit (12 to 13 g per 100g of dry matter), explains the low 
production of AFt in our spice samples, due to a limited development of the molds producing them. Moreover, since the 
water content is directly proportional to the activity of water, as shown by the sorption isotherm curve, it normally 
indicates a small Aw which cannot reach the threshold value (0.99) of mold growth and production of Aflatoxins. 

5. Conclusion 

The goal of our study was to validate a quantitative ELISA for the determination of total aflatoxins (AFB1, AFB2, AFG1, 
AFG2) in spices, it appears that the ELISA test kit performed is specific, accurate and precise. Furthermore, it has a limit 
of detection and quantification at a relatively small concentration thus allowing screening at almost negligible doses. 
Moreover, the ELISA test performed has a critical point as being incubation at room temperature for 30 minutes. All the 
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samples that took part in the screening are contaminated at a rate lower than that prescribed by the European Union's 
current regulations. Based on these findings, the ELISA test kit produces reliable results and can be used for control 
analyzes. The spices (white pepper, black pepper, njansang and super épice mbongo) sold in the local markets of the city 
of Yaoundé are save in what aflatoxins are concerned, because they have concentrations below the maximum limit set 
by the European Union (<10 μg kg-1)  
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