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ABSTRACT
This study addressed the challenge of  accurately detecting mycotoxins in herbs and spices, which have gained pop-
ularity as alternative medicines but pose health risks due to potential contamination. We used a competitive direct 
ELISA kit (Art No. 8610), Veratox for Ochratoxin, to quantify Ochratoxin A in the herb and spice samples. The 
samples were first prepared using solid-liquid extraction with 70% methanol. The resulting filtrate was then subjected 
to ELISA analysis. The results of  the analysis were then further analyzed using principal component analysis (PCA). 
In this study, PCA was used to classify the concentration levels of  Ochratoxin A based on various factors, such as the 
packaging type, country of  origin, shelf  life, and sample weight. The limits of  detection (LOD) and quantification 
(LOQ) values indicate the lowest amount of  Ochratoxin A that can be detected and quantified, respectively, with high 
accuracy and precision. The range of  the LOD and LOQ values (0.43-0.58 µg/kg and 1.45-1.95 µg/kg, respectively) 
suggests that the method used was capable of  detecting and quantifying Ochratoxin A in the herb and spice samples 
at different concentrations with a high degree of  accuracy and precision. These results suggest that while most of  the 
samples (73.33%) were below the maximum residue limit (MRL) for Ochratoxin A, a significant number of  samples 
(26.67%) had concentrations of  Ochratoxin A that were higher than the MRL. This highlights the importance of  
monitoring Ochratoxin A in herb and spice samples and ensuring the products are safe for consumption.
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INTRODUCTION

Herbs and spices have long played a crucial role in human 
existence, improving quality of  life through their use as medic-
inal remedies globally, including in developed countries [1-3]. 
Although there are differences between herbs and spices, they 
are often used interchangeably, and definitions for spices often 
overlap with those for herbs [4]. However, the safety of  herbal 

medicines has been called into question due to their susceptibili-
ty to mycotoxin contamination, caused by environmental factors 
such as high temperatures and heavy rainfall that provide ideal 
conditions for infestation [4]. Improper drying, high moisture 
levels, inadequate production methods, poor storage conditions, 
and lack of  farmer awareness can lead to contamination, caus-
ing substantial economic losses and posing a significant threat 
to human health [5-7]. Contaminations can also be introduced 
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during the harvesting and post-harvesting phases of  herbs [3]. 
One of  the most common mycotoxins is Ochratoxin A (OTA), 
produced by several species of  Aspergillus and Penicillium fungi [8]. 
The contamination of  herbs and spices with OTA has become a 
major concern for human health, as it has been shown to have 
nephrotoxic, immunotoxic, genotoxic, and carcinogenic effects 
in animal studies [9, 10]. Additionally, OTA has been classified as 
a possible human carcinogen by the International Agency for Re-
search on Cancer (IARC) [11]. Agencies, such as the Joint Food 
and Agricultural Organization/World Health Organization Ex-
pert Committee on Food Additives (JECFA), the European Food 
Safety Authority (EFSA), the United States Environmental Pro-
tection Agency, and the International Agency for Research on 
Cancer monitor and evaluate the potential health risks associated 
with mycotoxins in food, including herbal products, and set stan-
dards for the safe levels of  these contaminants. They also provide 
guidelines for producing, processing and storing herbal products 
to minimize the risk of  mycotoxin contamination. Additionally, 
they work with manufacturers, growers, and regulators to ensure 
that herbal products and food are tested for mycotoxins and com-
ply with established standards.  Aflatoxins, Ochratoxin, Fumonis-
ins, Zearalenone, and Deoxynivalenol have been identified as the 
most dangerous mycotoxins regarding their health impact [12]. 
The presence of  mycotoxins at trace levels in herbs makes their 
detection and accurate measurement a significant challenge. The 
methods developed for analyzing mycotoxins include immunoas-
says, chromatography, and spectrometry. However, each method 
has its limitations and drawbacks, making it difficult to obtain 
accurate and consistent results [13]. To address this challenge, 
the use of  multiple analytical techniques in combination, such 
as multi-mycotoxin analysis, can provide more accurate and 
comprehensive results. Additionally, applying proper sampling 
and storage methods and good agricultural and manufacturing 
practices can help minimize the contamination of  herbs with my-
cotoxins [14]. By implementing these measures, we can ensure 
the safety and quality of  herbal products and protect the health 
of  consumers [13]. Over the years, various methods for the ex-
traction of  Ochratoxin A from complex samples have been em-
ployed, including sonication followed by clean-up using an im-
muno-affinity column (IAC) [15, 16] or the use of  a molecularly 
imprinted polymer solid phase extraction (MIP-SPE) step for 
cleaning up herbs. The Quick Easy Cheap Effective Rugged Safe 
(QuEChERS) technique has also been applied in various mod-
ifications for the determination of  Ochratoxin A in cereals and 
cereal products, including Radix Paeoniae Alba [17], Angelica sinensis 
[18], and Silybum marianum [19]. In addition, liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS) has been widely 
used as a highly sensitive and specific method for determining 
mycotoxins in food and herbal products [20, 21]. Other meth-
ods like enzyme-linked immunosorbent assay (ELISA), high-per-
formance liquid chromatography (HPLC), and gas chromatog-
raphy (GC) have also been employed for mycotoxins analysis, 
but LC-MS/MS is considered the gold standard in mycotoxins 
analysis [19].  It is essential that appropriate measures are taken 
to minimize the risk of  mycotoxin contamination in herbs and 
other food products, and the effective analysis of  mycotoxins is 
an important step toward ensuring the safety of  food and herbal 
products for consumers. Using validated and appropriate meth-
ods for mycotoxin analysis is crucial in ensuring that the results 
obtained are reliable and trustworthy. Proper quality control pro-
cedures, such as the use of  certified reference materials, routine 
quality control checks, and regular monitoring of  the analytical 

system, should also be implemented in the analysis of  mycotox-
ins [22]. The ELISA method has been widely used to determine 
Ochratoxin A in food and herbal samples due to its specificity 
and sensitivity [21]. In this method, a monoclonal or polyclonal 
antibody is used to recognize the Ochratoxin A molecules in the 
sample, and the reaction between the antibody and the mycotox-
in is then quantified using a detection reagent. The ELISA meth-
od provides accurate and precise results and has been validated 
to determine Ochratoxin A in different food matrices [22]. How-
ever, the ELISA method has some limitations, such as the mono-
clonal or polyclonal antibody cost and the need for specialized 
equipment and trained personnel. The ELISA method may also 
not be suitable for determining other mycotoxins, as a different 
antibody is needed for each mycotoxin [23]. To overcome these 
limitations, other methods, such as liquid chromatography-mass 
spectrometry (LC-MS) and high-performance liquid chromatog-
raphy (HPLC), have also been applied for the determination of  
mycotoxins in food and herbal samples [20]. It is important to 
monitor the presence of  mycotoxins in herbal products to guar-
antee public health and ensure the efficacy and safety of  these 
products. The ELISA method has been widely used to determine 
Ochratoxin A in herbal samples, but it has some limitations. 
Therefore, a combination of  different methods should be used to 
determine the presence of  mycotoxins in herbal products to en-
sure accurate and reliable results. This study aimed to determine 
Ochratoxin A in herb and spice samples using a competitive 
direct ELISA kit (Art No. 8610), with Veratox for Ochratoxin. 
Additionally, principal component analysis (PCA) was employed 
to explore the relationships between Ochratoxin A concentration 
and various factors, including sample type, packaging, source of  
origin, shelf  life, and sample weight.

MATERIAL AND METHODS

Sample preparation    

Ten grams of  each of  the 90 spice or herb samples were dis-
solved in 100 milliliters of  double-distilled water, heated to 50°C, 
and stirred using a hot plate stirrer. The sample was then centri-
fuged at 3500 g for 10 minutes at 10°C. The upper fat layer was 
removed, and the herb serum was directly analyzed for Ochra-
toxin A (OTA) using a specific ELISA kit. To prepare the herb 
samples, 50 grams of  the ground and homogenized herb was 
blended with 250 milliliters of  70% methanol for 1 minute in a 
high-speed blender. Sample recovery was done with 50 grams 
of  non-contaminated herb samples with three different fortifi-
cation levels, with OTA standard spiked at 5.0, 10.0, and 20.0 
micrograms per kilogram of  herb. The spiked samples were left 
overnight for 14 hours in the dark at room temperature (with hu-
midity between 30% and 60%) to allow solvent evaporation and 
for PDE5 inhibitors to be absorbed into the matrix. The samples 
were then extracted using the following steps: the extract was fil-
tered by passing a minimum of  5 milliliters through a Whatman 
#1 filter (or a Neogen filter syringe), and the resulting filtrate was 
collected as a sample, prepared for subsequent ELISA analysis.

Analysis of OTA by competitive enzyme-linked 
immunosorbent assay (ELISA)   

Ochratoxin A (OTA) was determined using Veratox for Ochra-
toxin ELISA kit from Neogen Corporation with a detection limit 
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RESULTS

The concentration range tested demonstrated strong linear 
relationships with correlation coefficients of  0.997 for the tar-
geted analyte. As shown in Table 1, the recoveries ranged from 
90.2±1.0% to 99.6±5.5%, with a relative standard deviation 
(RSD) ranging from 1.0 to 6.0% when analyzing samples spiked 
with 5, 10, and 20 µg/kg. These recovery results and relative 
standard deviation were considered satisfactory according to the 
European Commission decision 2002/657/EC [21].

The LOQ ranged from 1.45-1.95 µg/kg, while the LOD 
ranged from 0.43-0.58 µg/kg (as shown in Table 1).

The intra-day precision was between 1.2 and 2.0, while the in-
ter-day precision was between 2.4 and 3.1%. These values, below 
the acceptable maximum, demonstrate the reproducibility and 
repeatability of  the method, which can be considered selective, 
precise, and robust.

Analysis of real samples   

Samples were analyzed for the presence of  Ochratoxin A, and 
the samples were obtained from the Jordanian market with origins 
from different countries, as indicated in Table 2.

of  1 ppt. The kit was kept at room temperature (20-25°C) for an 
hour before use. The standard curve was prepared using the OTA 
standard solutions of  0, 2, 5, 10, and 25 ppb. 

Following the preparation steps, sample analysis was conduct-
ed in accordance with the manufacturer's instructions. To initiate 
the analysis, 100 μL of  conjugate was added to each designated, 
red-marked mixing well. Subsequently, 100 μL of  both controls 
and samples were added to their respective wells. After mixing, 100 
μL was transferred to the antibody wells. Excess liquid from the 
antibody wells was then carefully discarded. To ensure accuracy, 
the wells underwent five washes with deionized water, and any re-
maining water was removed by gently tapping the wells on a paper 
towel. The next step involved transferring 100 μL of  substrate from 
the reagent boat to the antibody wells using a 12-channel pipettor, 
followed by an incubation period of  10 minutes. Finally, 100 μL of  
Red Stop from the reagent boat was added to the antibody wells. 
The absorbance was measured at 650 nm using a microwell reader 
with a 650 nm filter. The OTA sheet supplied with the kit was used 
to generate a standard curve and calculate the OTA concentration 
in the samples.

Method validation 

This method was validated in-house for linearity, accuracy, in-
tra- and inter-day precisions, limit of  detection (LOD), and lim-
it of  quantification (LOQ). Linearity was confirmed by testing 
a standard Ochratoxin A (OTA) solution in the concentration 
range of  2.0 to 25 µg/L. Calibration was carried out using the 
standard solution, and quantification was performed using the 
least square method. Statistical comparison of  the mean was con-
ducted using an ANOVA test (p<0.05). Accuracy was assessed by 
determining the recoveries of  OTA in various samples, including 
clean thyme leaves, rosemary, and mixed spices samples spiked 
with OTA standard at levels of  5.0, 10.0, and 20.0 µg/kg, and 
analyzed in triplicate. 

The sensitivity of  the method was evaluated by determining 
the limit of  detection (LOD) and the limit of  quantification 
(LOQ). LOD was established as the lowest concentration that 
produced a response three times higher than the baseline noise, 
while LOQ was defined as the concentration resulting in a re-
sponse ten times higher than the baseline noise.

The precision of  the method for detecting Ochratoxin A 
(OTA) in samples was rigorously assessed, both for intra-day and 
inter-day variations. The intra-day precision was evaluated by 
assaying five replicates of  the same sample at a spiked level of  
10 µg/L OTA on the same day, while the inter-day precision was 
evaluated by analyzing five replicates of  the same sample at a 
spiked level of  10 µg/L OTA over three consecutive days.

Table 1. Recovery, LOD, LOQ, intra- and inter-day precision of OTA 

Matrix 
Recovery (%)a

LOD 
µg/kg 

LOQ 
µg/kg Intra-day %  Inter-day % 

5 µg/kg 10 µg/kg 20 µg/kg 

Thyme leaves 99.6±2.4 90.8±5.6 95.2±1.3 0.56 1.87 1.2 2.5 

Rosemary 99.3±3.3 92.1±3.4 95.6±5.5 0.58 1.95 1.7 2.4 

Mixed spices 98.0±3.4 98.0±6.0 90.2±1.0 0.43 1.45 2.0 3.1 

a:  Recovery ± RSD (%) (n=5) 

Table 2. The 90 samples analyzed

Country No. 

Brazil 1 

China 1 

Egypt 6 

India 3 

Indonesia 1 

Jordan 51 

Lebanon 3 

Mexico 1 

Nigeria 1 

Pakistan 2 

Sudan 2 

United State 9 

Four samples could not be traced 9 

Total 90 
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Table 3. Ochratoxin A contaminations in spice samples (Total Ochratoxin A (µg/kg))  

Sample Ochratoxin A 
(µg/kg) Sample Ochratoxin A 

(µg/kg) Sample Ochratoxin A 
(µg/kg)

Abido special spices 6.216 Gory roses 14.44 Mixed spices 1.84 

Alexandrian Senna 3.77 Grain spices 5.46 Mixed spices 6.88 

All spice 6.09 Green tea 42.37 Moringa 45.84 

Anise grain 1.56 Ground biryani spices 8.40 Moringa 16.12 

Badia dill 5.93 Ground cinnamon 81.13 Moringa 30.88 

Black pepper 38.25 Ground cinnamon 101.89 Nettles 9.06 

Boiled chicken and meat 
mixture spices 7.30 Ground curry 0.71 Orijano 41.39 

Bukhari spices 2.70 Ground garlic 117.65 Paprika spices 16.55 

Caesalpiniaceous 6.20 Ground ginger 1.51 Potato sprinkle spices 164.06 

Cajun seasoning 1.67 Ground nutmeg spice 1.89 Red pepper 35.86 

Caraway 6.53 Ground spices 166.82 Rose flower 130.80 

Carnation flower 138.40 Ground turmeric 2.67 Roselle 17.51 

Chamomile 5.768 Ground white pepper 2.29 Roselle 117.65 

Chamomile 12.39 Grounded sumac 20.90 Rosemary 0.80 

Chicken shawarma spices 9.06 Grounded sweet red pepper 0.65 Rosemary 2.84 

Chicken shawarma spices 1.96 Grounded sweet red pepper 33.22 Rosemary 31.17 

Chicken shawarma spices 13.68 Guava leaves 21.38 Sage 6.04 

Chinese spices 7.12 Hamburger spice 32.89 Sage 4.98 

Circaea 0.96 Hawthorn 6.93 Sage 23.20 

onion and hot 
pepper mixture 5.87 Himalayan pink salt spices 0.69 Seven spices 37.43 

Curry 9.29 Italian herbs 2.93 Soft cinnamon 61.24 

Dried basil 2.57 Kabsa spices 16.44 Soft kibbe spice 18.89 

Dry mint 7.82 Kudra spices 4.10 Spices lemon, salt and 
turmeric 5.10 

Dry mint 5.32 Laureate paper 13.97 Sweet paprika 2.83 

Fajita seasoning 2.62 Laureate paper 3.42 Tandoori spices 3.72 

Fenugreek beans 9.29 Lemon and dill seasoning 
for fish 2.33 Thyme leaves 5.51 

Fish seasoning 5.03 Marjoram 3.03 Thyme leaves 3.36 

Fish spices 1.82 Marjoram 49.82 Thyme leaves 3.42 

Fish spices 1.29 Meat shawarma spices 7.49 Upside down spice 7.40 

Ghee and mansaf 
spices 10.27 Mixed chicken spices 5.74 Yarrows 138.40 
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els. Most of  the samples with lower concentrations (15-20 µg/
kg) were locally produced in Jordan, with some imported from 
countries such as Pakistan, Egypt, Syria, Sudan, and the United 
States. The highest concentration of  Ochratoxin A found was 
166.82 µg/kg in ground spices produced in Jordan. The results 
of  the principal component analysis, as seen in Figure 1(A-E) 
and Table 4, indicated that the first component had a signifi-
cant positive effect on the origin, shelf  life, and weight of  the 
samples. In contrast, the second component showed a strong 
positive correlation with the type of  spice and the concentra-
tion of  Ochratoxin A in each sample. The PCA results showed 
that shelf-life accounted for 58.40% of  the total variance in 
the first principal component, reflecting the length and type of  
storage, while the country of  origin accounted for 55.00% of  
the observed variance, potentially due to environmental and 
climatic conditions in the country of  production. The weight 
of  the sample accounted for 53.60% of  the total variance. The 
loading plot revealed that both concentration and packaging 
type had positive effects on Ochratoxin A levels, while the type 
of  spices, shelf-life, sample weight, and country of  origin all had 
positive effects as well.

The spice and herb samples were packed in different package 
types, such as boxes (17), glass jars (7), and plastic bags (66). 

The detection of  Ochratoxin A in herbs and spices is crucial 
due to the unique conditions of  their production and storage. 
Of  the 90 samples analyzed, Ochratoxin A was present in vary-
ing concentrations, with 73.33% (66 samples) being below the 
maximum residue levels set by Regulation 1881/2006 of  the 
European Commission (Table 3). However, 26.67% (23 sam-
ples) had concentrations exceeding the maximum residue lev-

Figure 1. Principal component analysis (PCA) of Ochratoxin A in 
spices and herbs showing (A) scree, (B) score, (C) loading, (D) bi-
plot, and (E) outlier plots. 

A
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