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Introduction  

Tea is an aromatic drink made by pouring hot or 

boiling water on the dried leaves obtained from the 

plant known as Camellia sinensis. After water, tea is 

one of the most important drinks in the world, with a 

history of 5000 years, and reported to be drunk by 

approximately two-thirds of the global population 

(McKay and Blumberg, 2002; Schwarz et al., 1994; 

Diby et al., 2017). In a 2017 statistical study from 

the UK, the USA, and Germany, it was shown that 

30%-40% of the participants drank 2-3 cups of tea 

per day (Sedova et al., 2018). Tea plants are grown 

in the northern hemisphere at a latitude of 

approximately 42°, and in the southern hemisphere 

at 27°, in regions where the climate is hot with 

abundant rainfall. The countries where tea plants are 

generally grown are China, India, Sri Lanka, Kenya, 

Vietnam, Indonesia, Russia, Japan, Myanmar, 

Turkey, Bangladesh, Iran, Argentina, 

UgandaTanzania, Malawi, Thailand, Nepal, 

Rwanda, Burundi and Ethiopia (Kurt and Hacıoğlu, 

2013; Takım and Aydemir, 2018). Tea plantations 

are widespread and tea production is intense in 

India, China, Sri Lanka, Indonesia, Kenya, Turkey 

and Japan, with 80% of the world tea produced in 

these countries (Harman, 2014; Amirahmadi et al., 

2013).  

The polyphenols found in the tea plant have 

antioxidant, antimicrobial, anticancer, anti-

inflammatory and anti-viral effects on human health. 

Benefits have also been reported of lowering 

cholesterol, blood presssure, and the risk of 

cardiovascular disease, and reducing the risk of 

osteoporotic fractures in the elderly (Zhang et al., 

2013; Khan and Mukhtar, 2007; Shen et al., 2013). 

However, although tea has many benefits, the 

presence of harmful polluting substances such as 

heavy metals, mycotoxins and pesticide remnants, 

can have a negative effect on human health (Abd El-

Atya et al., 2014). Mycotoxins in tea can lead to 

serious health problems such as 

immunosuppression, and carcinogenic, genotoxic, 

hepatotoxic and nephrotoxic effects (Milićević et al., 

2010; Santoz et al., 2009).  

Aflatoxins are mycotoxins produced by several 

fungi, the most common of which are A. flavus and 

A. parasiticus. At least different aflatoxin types are 

produced naturally (B1, B2, G1, G2, M1, M2, Q1) 
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(Murphy et al., 2006). Aflatoxin B1 produced by A. 

flavus and A. parasiticus is the strongest liver 

carcinogen (Lee et al., 1971). Aflatoxins have 

mutagenic, teratogenic and immunosuppressive 

activities, and long-term consumption of foods 

containing aflatoxins increases the risk of liver, 

stomach and colon cancer (Reiter et al., 2009).  

During the harvesting, processing and storage of 

tea plants, there may be contamination with 

mycotoxins. Moulds and fungi which can spread to 

tea during processing and production include 

Aspergillus, Penicillium, Pacelomyces, 

Cladosporium, Alternaria, Mucor, Fusarium, 

Rhizopus, Absidia and Trichoderma (Abd et al., 

2014). Poor farming practices, incorrect processing, 

drying, packaging and storage, and transportation 

under inappropriate conditions increase the risk of 

mycotoxin contamination by promoting fungal 

growth. Moreover, as the regions where tea is grown 

are warm, wet and humid, this provides the ideal 

environment for the development of toxicogenic 

mould (Sedova et al., 2018). 

Mycotoxins are resistant to the traditional heat 

range of food processing (80°-121°C), so following 

normal cooking such as boiling or frying, or 

pasteurisation, there may be very little or no 

reduction in general toxin levels (Kabak, 2009). 

Therefore, in the preparation of tea contaminated 

with aflatoxin, it is not possible for the temperature 

of the boiling water to impair or decompose the 

toxins.  

Different methods are used to determine the 

presence of aflatoxins in food and animal feed, such 

as thin layer chromatography (TLC), high-

performance liquid chromatography (HPLC) and 

enzyme-linked immunosorbance analysis (ELISA). 

Of these methods, HPLC has been reported to be 

ideal as it has high sensitivity and specificity (0-320 

µg/kg) (Braga et al., 2005).    

The aim of this study was to evaluate the 

presence of total aflatoxin and aflatoxin B1 in local 

and imported tea sold in the southeastern and eastern 

provinces of Turkey, using LC-MS/MS analysis.  

Materials and Methods  

Sample Collection 

A total of 79 samples were taken from tea 

originating from Turkey, Iran, Sri Lanka, and India. 

The numbers of samples taken from Turkish 

provinces were: Mardin; 7, Şırnak; 3, Van; 15, 

Diyarbakır; 13, Siirt; 9, Batman; 4, Gaziantep; 14, 

Kilis; 4, and Şanlıurfa; 10 (Figüre 1). The samples 

were collected from city markets and cafes, placed 

in sterile sample bags and sent to the laboratory, 

where they were stored in a cool, dry environment 

until analysis. The analyses were performed in an 

advanced, private, EU-accredited laboratory. The 

analyses were made using the Rapid Common Mass 

Spectrometry method (2006; 20: 2649-2659) with an 

LC-MS/MS device. 

 
Figure 1. Cities and number of samples 

 

Sample Preparation. 

The ground tea samples (10g) were homogenised 

with a 40mL organic extraction solvent mixture 

(acetonitrile: water:acetic acid, 79:20:1) (Merck, 

Darmstadt, Almanya) for 60 mins in an orbital 

shaker (model 711 VDRI, Asal, Milan, Italy). The 

supernatant part was centrifuged for 10 mins at 3000 

rpm (Allegra X-22R centrifuge, Beckman Coulter, 

Palo Alto, CA, USA). Then with single-stage 

extraction, 0.5 mL extract with the same amount of 

acetonitrile: water: acetic acid (20:79:1) was passed 

through a 0.22 µm filter and was injected into the 

LC-MS/MS (Sulyok et al., 2006).  

LC – MS / MS device and conditions. 

Determination and the amount determination 

were performed with a TurboIon Spray ESI source 

and a QTrap 4000 LC-MS/MS system (Applied 

Biosystems, Foster City, CA, USA) equipped with a 

1100 Series HPLC system (Agilent, Waldbronn, 

Germany). LC analysis was performed using the 

Finnegan TSQ quantum ultra mass system (Thermo 

Scientific, CA, USA) formed from a paired pump, a 

degasser, a column oven and an automatic sampler. 

The analysis was made on a column over C18 

columns of 150 mm, 4.6 and 3 µm fragment size. 

The column temperature was kept at 30°C. Capillary 

voltage was 3kV and nitrogen (Merck, Darmstadt, 

Almanya) was used as the spray gas. Source 

temperature and desolvation temperature were 

adjusted to 120°C and 400°C, respectively. 

Mycotoxins were analysed in selected reaction 

monitoring (SRM) channels (Sulyok et al., 2006). 
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Table 1. The results of the total aflatoxin and aflatoxin B1 analyses in the tea samples 
 

The 

province 

from which 

the sample 

was 

collected 

Number 

of 

samples 

Total 

Aflatoxin 

Aflatoxin 

B1 

Measure

ment  

Limit 

Unit Recycling  Analysis method 

Mardin 7 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Şırnak 3 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Van 15 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Diyarbakır 13 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Siirt 9 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Batman 4 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Gaziantep 14 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Kilis 4 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

Şanlıurfa 10 ND ND 0.15 µg/kg 93 Rapid Common 

Mass Spectrometry. 

2006; 20: 2649-2659 

 

Results and Discussion  

As seen in the analysis results in Table 1, total 

aflatoxin and aflatoxin B1 were not determined in 

any of the 79 samples of tea. 

Recently, studies have been carried out on the 

presence of aflatoxin in products such as spices, 

nuts and coffee. However, studies on the presence 

of aflatoxin in black teas have been limited. To the 

best of our knowledge, there has been no previous 

study related to aflatoxin analysis in imported tea 

in Turkey, and there is a limited number of studies 

of local tea. In a study by Tosun et al. (2016) 48 

samples of herbal tea were collected from four 

local herb shops in the province of Manisa. Of the 

48 samples analysed, 43 were determined as 

aflatoxin positive. The highest aflatoxin 

concentration (34.18µg/kg) was determined in a 

chamomile tea sample. In a study by Özden (2018) 

which was conducted to determine the levels of 

heavy metals and ochratoxin A in medicinal herbal 

teas, ochratoxin A was determined in only 1 

chamomile tea sample of 21 samples. Omurtag and 

Yazicioglu (2004) investigated the presence of 

Fumonisin B1 and B2 in herbal tea and medicinal 

plants sold in Turkey. Fumonisin B1 was not 

determined in 54 herbal teas and 61 medicinal plants 

but Fumonisin B2 was detected in 2 samples. In 

another study in Istanbul by Hacibekiroglu and 

Kolak (2013) aflatoxin B1 was determined in 2 of 15 

samples of herbal tea.  

There are studies in literature reporting aflatoxin 

determined in tea in other countries. In a 2010 study 

in Iran, Pouretedal et al. (2013) collected random 

samples from Tehran markets and showed that 30 of 

the 40 samples were contaminated with aflatoxins. 

The mean aflatoxin B1 content of 11 contaminated 

samples was 10.0 ng/g and the total aflatoxin was 

mean 12.07 ng/g. In a study of Pu-Erh tea by Haas 

et al. (2013) 36 samples were examined, no 

aflatoxin or fumonisin was determined, and 

ochratoxin A was determined in 4 (11.1%) samples. 

Carraturo et al. (2018) examined 32 tea samples and 

reported the most widespread moulds to be A. niger 

strains, followed by A. tubigensisoli. Of the 32 

samples examined, ochratoxin A was determined in 

22 samples. A total of 91 different teas and herbal 

infusions were analysed by Monbaliu et al. (2010) 

and mycotoxin was determined in only one sample. 
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In the potable products, no mycotoxins were 

determined. In another recent study by Mannani et 

al. (2020) 76 (58.9%) of 129 herbal tea samples 

were found to be contaminated with aflatoxins, and 

50 of the contaminated samples exceeded maximum 

levels. Pallarés et al. (2017) reported that they 

detected AFG1 in only two samples in 12 black tea 

bag samples they collected in Spain in a study they 

conducted. Contrary to the results reported in these 

studies related to the presence of aflatoxin in tea 

samples, no aflatoxin was detected in any tea sample 

in our study through Whatman filter paper and then 

concentrated at 40 °C in a rotary evaporator until 

dryness. The final obtained extract (4.8 g) was 

stored at 4 °C until use (Erkan et al., 2008).  
Conclusion 

Imported tea consumption is increasing day by day 

in Eastern and South Eastern provinces. It is said 

that imported tea consumption has many negative 

effects on health. However, these claims have not 

been scientifically proven. Therefore, the claims on 

this subject do not go beyond speculation. This 

study we have conducted has the quality to change 

the prejudices and prejudices about imported tea. In 
this study we conducted, a total of aflatoxin and 

aflatoxin B1 were not detected in imported and 

domestic tea samples that are popularly consumed 

by the people in Southeastern Anatolia and Eastern 

Anatolia in our country. The absence of aflatoxins in 

tea samples indicates that the harvesting, processing, 

drying and packaging stages of the local and 

imported teas sold in the Southeastern Anatolia and 

Eastern Anatolia regions are carried out properly. In 

order to determine the presence of aflatoxin in teas 

throughout Turkey, such analyzes should be made in 

teas in other regions. 
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