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Abstract 

Aflatoxin B1 (AFB1) is the most toxic and primarily produced mycotoxin in Agricultural 
products around the globe, and its consumption causes life-threatening effects in humans and 
animals. Similarly, contaminated animal feeds will carry the toxin to animal products, like milk, 
eggs, and meat. This study discusses the role of seasonal changes in the contamination of 
Aflatoxin B1 in three branded compound cattle feeds in Idukki, Kollam, and Palakkad districts 
in Kerala, India. The study revealed that the monsoon (South Western Monsoon (SWM) and 
North East Monsoon (NEM)) cause elevated Aflatoxin B1 in the compound cattle feeds. On 
average, 65.28% of the total samples comply with the Bureau of Indian Standards (BIS) of AFB1 
(20 µgkg-1) in compound cattle feeds, while the European Commission regulation (5 µgkg-1) 
satisfies only 17.36%. Moreover, a significant correlation was observed between Water activity 
(aw) and AFB1 in the compound cattle feed. The safe Water activity (aw) of more than 95% of 
the samples confirmed that AFB1 contamination occurred in the raw materials, not the 
compound cattle feeds. The theoretical extrapolation of Aflatoxin M1 from Aflatoxin B1 content 
in the tested samples pointed out that the cattle feed tested did not produce beyond the limit of 
FDA/Codex regulation for Aflatoxin M1 (0.5 µgkg-1) in the milk by the intake of compound 
cattle feeds maximum of 6 kg day-1 at the reported AFB1 contamination rate. This study 
will provide insights into AFB1 
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contamination throughout various seasons in compound cattle feeds in three districts in Kerala 
and its subsequent carryover into milk. 

Keywords: Aflatoxin, Aspergillus, Carcinogenicity, seasonal changes, compound cattle feeds, 
Water activity 

 

 
1 Introduction 

Aflatoxins (AFs) are one of the most potent mycotoxins, mainly found in crops. Chemically, 
they are polyketide derivative secondary metabolites with a difurocoumarin as their basic 
structure (Roze et al. 2013; Liew and Mohd-Redzwan 2018). The causative agents of AFs 
belong to the fungi Aspergillus section flavi, specifically Aspergillus flavus and Aspergillus 
parasiticus, which thrive in regions with warm temperatures and humidity. The emphasised 
polycyclic structure of AFs provided the compound with carcinogenicity and high thermal 
stability, which makes them a prime fungal food contaminant on Earth. More than 20 aflatoxins 
have been discovered so far, but only six of them, viz., Aflatoxin B1 (AFB1), Aflatoxin G1 
(AFG1), Aflatoxin B2 (AFB2), Aflatoxin G2 (AFG2), Aflatoxin M1 (AFM1), and Aflatoxin M2 
(AFM2) represent the primary concern (Okoth et al. 2018). Aflatoxin B1 (AFB1) is one of the 
deadliest, most widely, and primarily found aflatoxins; thus, it receives the most global attention 
(Gizachew et al. 2019). The International Agency for Research on Cancer (IARC) has 
categorised and included natural AFs as class IA carcinogens (IARC 1993). In humans, AFs 
cause cancer, reduced immune response, retarded growth in children, etc. and recently, a 
synergy between Hepatitis B Virus (HBV) and AFs was reported in the emergence of Hepato 
Cellular Carcinoma (HCC). Similarly, in animals, AFs cause reduced milk production, 
deformities in the hepatic system, reduced growth, and some unspecified biological effects 
(Dhanasekaran et al. 2011). 

AFs spread in agricultural products during favourable environmental conditions. In agricultural 
products, they are highly resistant to basic food processing procedures. Thus, AFs play a 
significant role in the health and economic sustainability of agriculture-based economies in 
middle and low-income countries (Udomkun et al. 2017). Moreover, during the era of 
international trade, the developed countries were also threatened by AFs contaminated foods. 

From the health safety perspective of humans and animals, the prevalence of AFs happens 
through the consumption of fungal-contaminated crops or crop products and the consumption 
of contaminated animal by-products in the form of milk, meat and eggs (Iqbal et al. 2014). AFB1 
in animals causes various irregularities ranging from mild response to life-threatening. 
Similarly, AFB1 reduces the quality and safety of animal products used for human consumption. 
AFM1 is a hydroxylated metabolic by-product of AFB1 found in the milk of mammals, 
especially in milch animals produced after consuming contaminated feeds (Eker et al. 2019). 
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FM1 is produced by the hepatic detoxification system of mammals at a rate of 0.3-6.3% of the 
total AFB1 ingested in the animals (Veldman et al. 1992; Diaz et al. 2004). Consequently, the 
ramification of consuming 

contaminated feeds leads to health defects in livestock animals and produces contaminated 
animal products for human consumption (Abrunhosa et al. 2014). In short, the safety and quality 
of the feed for the animals should be addressed in the same magnitude as human food. 

The highly dynamic climatic conditions severely affect the booming of fungal contaminants 
because of the favourable environmental conditions for their optimum growth (Yu et al. 2022; 
Valencia-Quintana et al. 2020). Specifically, some seasonal changes exacerbate the AFs 
contamination in animal feeds, which is reported from all over the globe (Minooeianhaghighi et 
al.2021; Becha and Devi 2013; Ismail et al. 2017). The warm and humid climate is the optimum 
condition for AFs production (Mutuli et al. 2021), and most of the AFs contamination is reported 
from tropical and subtropical regions (Acur et al. 2020). Similarly, Water activity (aw) is another 
primary determinant for the thriving of causative fungal populations in food materials (Aharon. 
2008). 

This study looks for the seasonal influence in the contamination of AFB1 in three branded 
compound cattle feeds in three prominent milk-producing districts of Kerala, India. 

2 Materials and methods 

2.1 Study area 

The study was conducted in three districts in Kerala, India, during the period 2022-2023 (Fig.1). 
Kerala is an Indian state situated in the southernmost part, which experiences a typical tropical 
monsoon climate and distinct geography with a large stretch of the coastal area on the west side 
and a hilly area represented by Western Ghat on the east side (Kerala state action plan on climate 
change. 2014). 

The three districts viz. Idukki, Kollam, and Palakkad are prominent milk-producing districts 
(NDDB India. 2016) in Kerala state; moreover, they represent distinct geography. The Idukki 
district represents high land with significant forest cover (Ramachandran 2016), while the 
Kollam district is a coastal area, and Palakkad majorly represents midland and plains. The 
presence of the Palakkad gap (the only opening in the Western ghats) (Raj and Azeez 2010) 
makes it the least rainy district in the state (Krishnakumar et al. 2009). Such unique geographical 
differences will affect the climate and may influence the fungal contamination in compound 
cattle feeds. 

The seasonal changes are more evident in Kerala, with its warm climate and high humidity, which 
promotes the thriving of causative fungi (Cotty and Jaime 2007). In Kerala, there are four 
distinctive seasons with characteristic climates (Becha et al. 2013) they are winter (December- 
February), summer (March-May), southwest monsoon (June-September), and northeast 
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monsoon (October-November). So, the samples were collected each season, belonging to three 
major branded compound cattle feeds in the state. 

 

Fig.1 Study area with distinctive identification of three districts Palakkad, Idukki and 
Kollam belongs to the State of Kerala, India. Map prepared by Arc GIS 

2.2 Collection of samples 

A total of 144 samples of three branded compound cattle feeds were collected in a year during 
winter (December-February), summer (March-May), southwest monsoon (June-September), 
and northeast monsoon (October-November) seasons, randomly from cattle farms and houses 
in the study area. An aggregate of 500g of samples was collected from three positions (bottom, 
middle, and top) of the cattle feed sack based on the ISO 6497:2002 method. The sample was 
kept in a dry and air-tight black polythene bag and taken to the laboratory within a day; further, it 
was pulverised and held in a dark and dry place for analysis. 

2.3 Water activity (aw) of the samples 

A water activity Meter (AQUALAB 4TEV, USA) with a dew point sensor (±0.0003aw) was 
used to measure the aw in the compound cattle feed sample. Powdered samples were filled in the 
half portion of the sample carrier (≈ 5gm), and the results were read out after 5 mins. 

2.4 Quantification of Aflatoxin B1 in the compound cattle feed and method validation 

Aflatoxin quantification was performed by HPLC with a Fluorescence detector (FLD) with post- 



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

987 ROLE OF SEASONAL CHANGES IN AFLATOXIN B1 CONTAMINATION IN COMPOUND CATTLE FEEDS IN KERALA, INDIA. 

 

 

column derivatisation with an electrochemical cell (Walter et al. 1988) by following modified 
AOAC Official Method 991.31. AFB1 stock was prepared in 50 ml methanol by making up 
1mg 

of AFB1(Sigma-Aldrich), and a working standard of 100 µgL-1 was prepared by methanol and 
1% acetic acid in a 1:1 ratio. 

HPLC-FLD method validation was carried out based on the method of linearity, recovery, 
precision, LOD (Limit of Detection), and LOQ (Limit of Quantification) as described by Fujita 
(2009). The linearity was evaluated using five different concentrations of AFB1 within the range 
of 0.5-20 µgL-1 (0.5, 1, 2, 5, and 20). LOQ and LOD were determined using the formulas LOQ 
= 10 × σ/m and LOD = 3.3 × σ/m, where σ represents the residual standard deviation, and m 
stands for the slope of the calibration curve (Muscarella et al., 2009). AFB1-free compound 
cattle feed spiked with AFB1 at different concentrations (5, 10, and 20 µg kg-1) was used for the 
recovery study, and recovery was calculated as follows. 

Recovery (%) = (AFB1 quantity identified/ AFB1 theoretical quantity) X 100. 

 Sample preparation and Immuno-Affinity column (IAC) cleanup 

Before the HPLC analysis, the AFB1 was extracted from the sample using the immunoaffinity 
column, and this procedure is termed sample cleanup. In the process, a mixture of 25g of sample 
and 5g of NaCl was blended with 100 ml of 80% HPLC grade methanol in distilled water, and 
the mix was filtered by fluted filter paper. Then, the 10 ml filtered mix was diluted with 40 ml 
distilled water. The diluted solution was filtered by glass microfiber paper. After that, 10 ml of 
the solution was passed through an Immunoaffinity column (Afla B, Vicam) at one drop per 
second and let pass entirely through it, followed by washing two times with 20 ml of double 
distilled water. Then, the Aflatoxin was eluted outed by 1 ml of HPLC grade methanol, and 20 
µl of the eluate was used for HPLC analysis. 

2.4.1 HPLC analysis 

The HPLC system (Shimadzu, Tokyo, Japan) with a gradient pump (LC-20AT), a C18 column 
(250mmx 4.6mm, 5µm Shiseido, Japan), and a Fluorescent detector with post-column 
derivatisation Electrochemical cell (Kobra cell) were used for the analysis. An injection volume 
of 20 μl of the cleanup solution was used for AFB1 detection. Meantime the mobile phase contains 
micro-filtered ethanol-water (40:60 v/v) with a trace amount of KBr and 4M HNO3 (400ml 
HPLC methanol+600ml HPLC Water+119 mg KBr+ 350µl 4 M HNO3) was used with a flow 
rate of 1.0 ml/ min. AFs detection is carried out by a Fluorescent detector in which Excitation 
occurs at 365 nm and Emission happens at 455 nm. In the meantime, the post-column 
derivatisation was carried out in the KOBRA® Cell in the presence of KBr and HNO3 before 
detection by the detector. The concentration of AFs present in the samples was calculated using 
the following formula. 
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Conc. of AFB1 = Std concentration of AFB1 X Sample area X Recovery X109 

Std area X Sample concentration 

2.5 Theoretical prognosis of AFM1 and calculation of carry-over of AFB1 into Milk. 

Carry-over of AFB1 into milk as AFM1 is an inevitable metabolic reaction at a rate of 0.3-6.3% 
(Veldman et al. 1992; Diaz et al. 2004) carried out in the biological system as part of the 
detoxification of AFB1. The carry-over occurs in the hepatic system of mammals and is excreted 
through Urine, Milk and Bile (HU et al. 1984). According to Veldman et al. (1922), a linear 
relationship has been proposed for the theoretical identification of AFM1 from the consumed 
AFB1 through the cattle feed per day and expressed as 

AFM1 (ng kg−1 in milk) = 1.19 × AFB1 consumed (μg per cow per day) + 1.9 

Moreover, for the extrapolation of the AFM1, the mean of three-time replicate values 
corresponding to AFB1 was used. In addition, the total quantity of compound cattle feeds was 
fixed at 3-6 kg day-1, a range at which the compound cattle feeds were routinely given to the milch 
cattle observed while collecting the samples. 

2.6 Statistical analysis 

 
All the values analysed were the mean values obtained from three independent replications. 
Significance levels were assessed by ANOVA using the SPSS statistical tool. Similarly, 
Graphical representation was done by Origin 8.5 software. 

3 Results and discussion 

3.1 Validation of HPLC-FLD methods 

The calibration curve formed from the data obtained from five different concentrations of AFB1 
was found to be linear with a coefficient of determination (R2) value of 0.999 (Table 1). The LOD 
and LOQ values obtained from the calibration curve were 0. 65 and 1.98 µg kg-1. Those values 
are below the Maximum permissible limit (MPL) for AFB1 in compound cattle feed (5 µg kg-1) 
by the European Union standards and found satisfactory. The data presented in Table 1 reported 
that the overall recovery for AFB1 is 87.2 %, and the overall % RSD (Relative standard 
deviation) ranges between 0.19% and 0.54%. Since the recovery and the % RSD remain within 
the safe limit (recovery (70- 110%) & % RSD ˂20%), the method validity was identified as 
satisfactory (Muscarella et al. 2009). Similarly, no interfering peaks were observed in the 
chromatogram, and the retention time (RT) of AFB1 was consistently observed at 16.39 minutes. 

Table 1 AFB1 spiked level in the toxin-free compound cattle feed for recovery and precision 
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Linearity and sensitivity 

Analyte Range, µgkg-1 slope Intercept R2 LOD µgkg- 

1 

LOQ 

µgkg-1 
AFB1 0.5-20 35907 3630.8 0.9999 0.655 1.98 
Recovery 

Analyte Spiking concentrations 

µgkg-1 

Recovery % %RSD 

AFB1 5 86.66 0.54 
10 87.24 0.32 
20 87.8 0.19 

*Results are the mean of three-time replicates 
 

3.2 AFB1 in the compound cattle feed samples 

144 compound cattle feed samples of three different brands were analysed for AFB1 and aw 
during four seasons (winter, summer, southwest monsoon and northeast monsoon) in three 
districts (Idukki, Kollam and Palakkad) of Kerala state. In the current scenario, the highly 
unpredictably complex global climatic conditions lead to a myriad of fungal epidemics which 
cause catastrophic spreads of mycotoxins. That threatens the quality and safety of animal feeds 
in both raw and finished stages (Warnatzsch et al. 2020). In connection with that, the seasonal 
changes in Kerala are erratic and provide optimum conditions like temperature, humidity and 
moisture (Cotty et al. 2007) for the proliferation of AFs causative fungi. In total, an average of 
17.23 ± 9.01 µg kg-1 of AFB1with a minimum value of 2.16 µg kg-1 and a maximum value of 
48.56 µg kg-1 were identified from the entire cattle feed samples. In India, the Bureau of Indian 
Standards (BIS) regulate AFB1 in cattle feeds to 20 µg kg-1. Similarly, the FDA (Food and Drug 
Administration) regulates the total AFs to 20 µg kg-1 limit. However, the European Commission 
regulates (ECR) AFB1 in cattle feeds more stringently, and the maximum limit is 5 µg kg-1 
(Bervis et al. 2021). This study concludes that an average of 63.89% of the total samples 
complied with the BIS standard. In comparison, the European Commission Regulation (ECR) 
for AFB1 was satisfied by only 17.36% of the total samples. From the four seasons, the maximum 
aflatoxin contamination in the analysed samples was reported in the monsoon seasons, 
specifically in the NEM with a total average of 
23.64 ± 5.13 µg kg-1 followed by SWM with 20.71± 8.11 µg kg-1 and comprehensively 
represented in Fig.2. This result is aligned with the findings of Becha and Devi (2013), they 
reported that the total AFs content in the animal feed was maximum during NEM. However, in 
the report of Ansari et al. (2018) and Akbar et al. (2019), the winter season was the most 
contaminating season. In Kerala, the NEM possesses a warm climate and high humidity, which 
are ideal for fungal growth; similarly, SWM has high humidity all over the state but 
comparatively low temperature (Report 
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on climate: Ministry of Environment & Forest, Govt. of India). Specifically, an average of 
58.33% of samples collected during NEM failed to contain the statutory limit of BIS, and 100% 
of the sample failed to meet the EU standard for AFB1; similarly, the SWM season was also 
found that an average of more than 97% of the total sample beyond the EU limit and represented 
in Table 2. However, the winter and summer seasons had a reduced contamination rate, which 
is supported 

by the study of Becha and Devi (2013). The total average of AFB1 content in the summer (SR) 
and winter (WR) seasons was identified as 12.11± 8.90 µg kg-1 and 12.44± 7.25 µg kg-1 
respectively. 

 

 
Fig.2 Total average of AFB1 in the compound cattle feeds during four seasons in Kerala 
and the values represented here are mean of three-time replicated results with S.D in µg 
kg-1 

Table 2 Non-compliance of AFB1 of compound cattle feeds from districts during each 
season 

 

 
Seasons Districts Samples Non-comply 

with 20 ppb(BIS) of 
AFB1 (%) 

Samples Non-comply 
with 5 ppb(EU) of 
AFB1(%) 

Idukki 8.33 75 
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Winter 

Kollam 33.33 91.6 
Palakkad 8.33 50 

Summer 
Idukki 16.66 50 
Kollam 25.00 75 
Palakkad 8.33 50 

SWM 
Idukki 25.00 91.6 
Kollam 50.00 100 
Palakkad 41.66 100 

NEM 
Idukki 58.33 100 
Kollam 41.66 100 
Palakkad 75.00 100 

BIS- Bureau of Indian Standards, EU- European Union, SWM - South Western Monsoon 
and NEM- North East Monsoon 

 
Herein, the role of seasonal changes is reported in the contamination of AFB1 in the compound 

cattle feeds, especially monsoon seasons (SWM and NEM) provide the most favourable 
condition, in which NEM showed the maximum contamination. During the time of winter and 
summer, moderate levels of humidity were reported in Kerala. However, it may change due to 
temperature and environmental factors like coastal areas, highlands, and forest cover (Report on 
climate: Ministry of Environment & Forest, Govt. of India). Only one sample from the two 
monsoon seasons was found below the ECR for AFB1 in compound cattle feeds. Conversely, 
the summer and the winter seasons are safest for AFB1 contamination in compound cattle feeds 
(Choudhary et al. 2020), specifically in the summer (Fig.3). Overall, the seasons in Kerala 
significantly ((F(3,428)=65.841; P˂0.01) affect the AFB1 production in the compound cattle 
feeds during this study. Specifically, the Tukey test revealed that the NEM produces more 
significance, followed by the SWM. 
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Fig.3 Seasonal changes in the AFB1 contamination in the compound cattle feed and values 
represented here are the mean of three-time replicated results in percentage 
corresponding to 20 µg kg-1statutory limit (BIS) 

  
By taking the district-wise analysis, Idukki districts identified the least AFB1 contaminated 
cattle feeds with a total average of 15.48 ± 8.98 µg kg-1, followed by Palakkad having 16.30 ± 
8.7 µg kg-1, and the most infected was Kollam district with 19.93± 8.6 µg kg-1 and a high degree 
of statistical significance was ( P˂0.01) observed. Specifically, feeds from the Kollam district 
produced more contaminated cattle feeds during the winter, summer, and SWM(Fig.4) seasons, 
and this variation can be justified by the presence of coastal area, which will increase the humidity 
and rainfall (Bergemann and Jakob 2016). In the meantime, Palakkad was identified as the 
moderately contaminated district; however, the least contaminated cattle feed in this study was 
observed here during the summertime, but in contrast, the same district also reported the 
maximum contaminated feeds during NEM. (Fig.4). Geographical specialities like the Palakkad 
gap and Palakkad Plain play a crucial role in climatic conditions, especially in temperature and 
humidity, which are essential for the proliferation and toxin production by causative fungi (Raj 
and Azeez 2010). Furthermore, Jothish and Nayar (2004) reported more than 50% of Aspergillus 
spores in indoor conditions of Palakkad; such a high concentration of causative fungal spores 
could make the food and feed items more vulnerable. While taking cattle feed brand, brand 
number B1 was identified as the most contaminated with a total average of 18.24 ± 8.50 µg kg-

1, followed by brands B2 and B3 with a total average of 16.99 ± 8.46 µg kg-1 and 16.44± 9.94 µg 
kg-1 respectively. Brand B3 produced the least AFB1 contamination during summertime, but in 
contrast, the same brand is also responsible for the highest amount of AFB1 in the NEM season 
(Fig.5). 
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Fig.4 Total average of AFB1 in compound cattle feed from three districts in four seasons 
and values represented here are mean of three-time replicated results with S.D in µg kg-1 

 
 

 

 
Fig.5 Total average of AFB1 variations in compound cattle feed brands in four seasons and 
values represented here are mean of three-time replicated results with S.D in µg kg-1 
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3.3 Water activity (aw) 

The aw analysis of the sample found that the average of the total sample is 0.75± 0.05, which is 
considered to be the safe limit for foods, which debilitates the thriving of the food-spoiling fungal 
population and AFs production (Natarajan et al. 2022) (Fig.6). In analysis, the aw was found to 
have a moderate level of significant positive correlation with AFB1 (r (432) = 0.591; P˂0.01) 
and showed statistical significance with seasons (F (11,420) = 3.322; P˂0.01) and districts 
(F(3,428) 
= 6.100; P˂0.01). Water activity aw is a pivotal determinant for the flourishing of aflatoxin- 
producing fungi in the food and feeds (Tai et al. 2020). In causative fungi, aw controls the 
proliferation and the regulation of the structural and functional gene clusters for Aflatoxin bio- 
synthesis (Schmidt et al. 2009). Notably, the mean of aw in this study was 0.75± 0.05, with a 
maximum value of 0.96. The underlining factor found in this study is that the mean value reported 
belongs to the safe limit of aw where none of the reports supports the production of AFs. 

Furthermore, Natarajan et al. (2021) reported that 0.87 aw inhibits the production of AFB1 and 
gene regulation; similarly, Northolt et al. (1976) supported 0.83 aw as the minimum for AFB1 
synthesis, and Mousa et al. (2011) reported 0.82 aw as the limiting point. With this in mind, it 
can be concluded that the AFB1 synthesis may not occur at the stage of the finished product as 
compound cattle feeds but happened in the raw material stage either during the post-harvest 
phase or during the storage in the warehouse of the cattle feed producer. Using highly AFs 
contamination-prone crops like maize, cotton seeds and groundnuts (Wenndt et al. 2020; 
Almeida et al. 2019) in the feeds proves these findings. Meantime, 4.86% of the sample, which 
showed an average of 0.92 aw proportionately produced high AFB1 in the sample, and it may 
confirm the production of AFB1 at the finished product as compound cattle feeds. It can be 
explained as the established optimum micro-environmental conditions due to the unhygienic 
storage facility or unsystematic handling of cattle feeds, which supports the proliferation of the 
causative fungi. 
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Fig.6 Total average of aw in the compound cattle feeds from three districts during four 

seasons in Kerala and values represented here are mean of three-time replicated 
results with S.D 

3.4 Theoretical prognosis of AFM1 content in Milk at various quantities of compound 
cattle feeds per day 

This study also shed light on the probability of AFB1 carry-over into the milk as AFM1, which 
is categorised as a Class 2B carcinogen by IARC (WHO, 1993). Theoretical extrapolation of 
AFM1 from identified AFB1 in the compound cattle feed was carried out based on the study by 
Veldman et al. (1922). From the results, an average of more than 50% of the total sample was 
safe for European Commission Regulation(ECR) for AFM1 (0.05 µg kg-1) at 3 and 4 kg day-1 
quantity of compound cattle feed at the current level of AFB1 contamination in the feeds during 
winter and summer (Table 3). Patyal et al. (2020), Akash et al. (2021), and Akbar et al. (2019) 
reported the presence of AFM1 in dairy products in the Indian subcontinent at an alarming level. 
However, the theoretical prognosis of AFM1 may not represent the pinpoint value as it is 

considered only the intake value of AFB1 and neither considering the total milk yield of the cattle. 

Similarly, cattle will consume other feeds besides compound cattle feeds, which can also be a 
source of AFB1 (Patyal et al. 2021). In the meantime, the theoretical prognosis of AFM1 
concluded that the two seasons, summer and winter, would be the safest for the milk as per both 
the ECR regulation and FDA/Codex, as presented in Table 3. Moreover, all samples during 
NEM and more than 90% of the samples during SWM did not comply with the ECR regulation. 
However, compared with the FDA/Codex regulation on AFM1 in milk (0.5µg kg-1), all the 
extrapolated results were safe irrespective of quantity, season, brand, and location. After all, it 
can help to envisage the AFM1 content in the milk. Interestingly, the theoretical prognosis of 
AFM1 at the current contamination rate with up to the quantity of 6 kg day-1 of compound cattle 
feeds during the entire year fails to produce beyond the regulatory limit set by FDA/Codex 
Alimentarius (0.5 µg L-1)( CODEX STAN 193-1995). In connection with that, John and Manoj 
(2013) reported that an average of 65.62kg Month-1 of compound cattle feeds had been 
consumed by 58% of total milch cattle in Kerala and also forecasted a rise in compound feed 
consumption by 5% shortly due to some particular circumstances. According to the report by 
John and Manoj (2013), there may be a chance for a further rise in AFs in the milk. In the 
meantime, the reports from the National Milk Safety and Quality Survey 2018 (NMQS-2018) 
conducted by the Food Safety Standard Authority of India (FSSAI. 2018) confirmed that 19.8% 
of the sample from Kerala was reported as non-compliant against AFM1, which indirectly points 
out the safety concern of the cattle feeds. Despite that, the occurrence of AFM1 in milk beyond 
MRL (Maximum residue limit) was reported in various parts of India (Sharma et al. 2019; Patyal 
et al. 2021). 

Table 3 Extrapolated AFM1 values carried over from AFB1 during four seasons with 3-6 
kg of compound cattle feeds 
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Seasons Quantity  of 

compound cattle
 feeds 
intake per 
day(kg day-1) 

Range of 
predicted 
AFM1  in 
ppb(µg L-1) 

Mean of 
predicted 
AFM1 in ppb 
(µg L-1) 

Hypothetical 
percentage   of 
AFM1 that 
comply with EU 
standard (0.05 
ppb (µg L-1)) in 
Milk 

Hypothetical 
percentage 
of AFM1 
that comply 
with 
FDA/Codex 
standard (0.5 
ppb (µg L-1)) 
in Milk 

Winter 3 0.01- 0.11 0.04 55.56% 100% 
 4 0.01- 0.15 0.06 47.25% 100% 
 5 0.02-0.18 0.07 30.55% 100% 
 6 0.02-0.23 0.09 27.78% 100% 
Summer 3 0.01-0.07 0.04 61.11% 100% 

 4 0.01-0.10 0.06 50.00% 100% 
 5 0.02-0.12 0.07 44.44% 100% 
 6 0.02-0.15 0.08 44.44% 100% 

SWM 3 0.01-0.13 0.07 13.88% 100% 
 4 0.02-0.18 0.08 8.33% 100% 
 5 0.02-0.22 0.12 5.55% 100% 
 6 0.03-0.26 0.14 5.55% 100% 
NEM 3 0.06-0.14 0.08 Nil 100% 

 4 0.08-0.19 0.11 Nil 100% 
 5 0.10-0.24 0.13 Nil 100% 
 6 0.12-0.29 0.16 Nil 100% 
*EU- European Union, FDA- Food and Drug Administration, SWM - South Western 
Monsoon and NEM- North East Monsoon 

 
5 Conclusion 

This study reveals the role of seasons in producing AFB1 in the compound cattle feeds in three 
districts in Kerala. The significant number of non-compliant samples will be a threat to milk 
safety as well as cattle health. Moreover, the safe water activity (aw) of more than 95% of the 
cattle feeds indicates the safety of the raw materials used for production. However, a compound 
cattle feed is a proportionate blend of grains, brans, deoiled cakes of various nuts and seeds, 
vitamins, and minerals; out of them, ingredients viz. maize, ground nut cake, and cotton seed 
cake are highly prone to aflatoxin contamination. So, procuring such sensitive raw materials 
requires utmost care and quality checks. Furthermore, their storage should be in climate-proof 
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warehouses with standardised SOPs (Standard operating procedures); otherwise, the erratic 
climate of Kerala will provide the optimum conditions for the proliferation of causative fungi. 
Similarly, a minute fraction of cattle feed (˂5%) with an unsafe water activity (aw) has 
proportionately produced a 

high amount of AFB1 in the compound cattle feed, revealing the need for proper awareness and 
training for the importance of its safety and storage. In conclusion, two monsoon seasons affect 
AFB1 contamination; moreover, the safe management of the raw materials and awareness for 
the cattle farmers need to be improved for safe cattle feed, directly affecting milk safety and 
cattle health. 

 

 
Declarations 

Acknowledgement 

We thank The Gandhigram Rural Institute (Deemed to be University) for conducting this work. 
The authors wish to thank Mr. Rineesh P. and Mrs. Lekshmi Panikkar for the grammatical 
corrections in the manuscript. 

Author Contributions 

Authors Chammakalayil Sukumaran Arun and Pambayan Ulagan Mahalingam contribute 
equally to the conceptualisation, sample collection, laboratory analysis, design, and critical 
review of important intellectual content, validation, and the first draft of the manuscript. Haris 
Parengal did the manuscript correction. All authors read and approved the final manuscript. 

 
References 

Abrunhosa, L., Morales, H., Soares, C., Calado, T., Vila-Chã, A. S., Pereira, M., & Venâncio, A. 
(2014). A Review of Mycotoxins in Food and Feed Products in Portugal and Estimation 
of 

Probable Daily Intakes. https://doi.org/10.1080/10408398.2012.720619 

Acur, A., Arias, R. S., Odongo, S., Tuhaise, S., Ssekandi, J., Adriko, J., Muhanguzi, D., Buah, 

S., & Kiggundu, A. (2020). Genetic diversity of aflatoxin-producing Aspergillus 
flavus isolated from selected groundnut growing agro-ecological zones of Uganda. 
BMC 

Microbiology, 20(1). https://doi.org/10.1186/s12866- 020-01924-2 

Aharon Oren (2008). Life at low water activity: Halophilic microorganisms and their 
adaptations. Biochem (Lond) 1 August, 30 (4), 10–



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

998 ROLE OF SEASONAL CHANGES IN AFLATOXIN B1 CONTAMINATION IN COMPOUND CATTLE FEEDS IN KERALA, INDIA. 

 

 

13. doi: https://doi.org/10.1042/BIO03004010 

 
Akash, M. S. H., Rehman, K., & Irshad, K. (2021). Prevalence of contamination of aflatoxin 

M1 in milk: a retrospective analysis of studies conducted in Pakistan. Environmental 
Monitoring and Assessment, 193(7). https://doi.org/10.1007/s10661-021-09235-3 

Akbar, N., Nasir, M., Naeem, N., Ahmad, M.-D., Iqbal, S., Rashid, A., Imran, M., Aslam 
Gondal, T., Atif,    M., Salehi, B., Sharifi-Rad, J., Martorell, M., & Cho, W. (2019). 

Occurrence and Seasonal Variations of Aflatoxin M1 in Milk from Punjab, Pakistan. 
Toxins, 11(10), 574. https://doi.org/10.3390/toxins11100574 

Ansari, F., Pourjafar, H., & Christensen, L. (2018). A study on the aflatoxin M1 rate and 
seasonal variation in pasteurized cow milk from northwestern Iran. Environmental 
Monitoring and Assessment, 191(1). https://doi.org/10.1007/s10661-018-7141-1 

Becha, B. B., & Devi, S. S. (2013). Aflatoxin levels in feeds and feed ingredients of livestock 
and poultry in Kerala. Journal of Veterinary medicine and Animal Science, 44, 76- 78. 

 
Bergemann, M., & Jakob, C. (2016). How important is tropospheric humidity for coastal rainfall 

in the tropics? Geophysical Research Letters, 43(11), 5860–5868. Portico. 
https://doi.org/10.1002/2016gl069255 

Bervis, N., Lorán, S., Juan, T., Carramiñana, J. J., Herrera, A., Ariño, A., & Herrera, M. (2021). 
Field Monitoring  of Aflatoxins in Feed and Milk of High-Yielding Dairy Cows under 
Two Feeding Systems. Toxins,   13(3), 201. https://doi.org/10.3390/toxins13030201 

Choudhary AK, Tudu S, Kumari P, Ranjan A (2020). Present status, prevalence and seasonal 
variations of aflatoxin in cattle feed, Bihar, India. Indian Journal of Science and 
Technology 13(17),1738-1745.https://doi.org/ 10.17485/IJST/v13i17.288 

 
CODEX STAN (193-1995). Additives, F. Codex General Standard For Contaminants And 

Toxins In Food   And Feed 1. Preamble 1.1 Scope. 

 
Cotty P.J., Jaime-Garcia R (2007). Influences of climate on aflatoxin producing fungi and 

aflatoxin contamination. Int. J. Food Microbiol, 119:109–
115. doi: 10.1016/j.ijfoodmicro.2007.07.060. 

 
de Almeida, L., Williams, R., Soares, D.M. et al. Aflatoxin levels in maize and peanut and blood 

in women and children: The case of Timor-Leste. Sci Rep 9, 13158 (2019). 
https://doi.org/10.1038/s41598-019-49584-1 



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

999 ROLE OF SEASONAL CHANGES IN AFLATOXIN B1 CONTAMINATION IN COMPOUND CATTLE FEEDS IN KERALA, INDIA. 

 

 

Kerala state action plan on climate change (2014). Department of Environment and Climate 
change, Government of Kerala.
 https://envt.kerala.gov.in/wp- content/uploads/2019/10/Kerala-State-
Action-Plan- on-Climate-Change-KSAPCC-2014- August.pdf 

 
Dhanasekaran, D., Shanmugapriya, S., Thajuddin, N., & Panneerselvam, A. (2011). Aflatoxins 

and Aflatoxicosis  in Human and Animals. Aflatoxins - Biochemistry and Molecular 
Biology. https://doi:10.5772/22717 

Diaz, D.E., W.M. Hagler Jr., J.T. Blackwelder, J.E. Eve, B.A. Hopkins, K.L. Anderson, F.T. 
Jones and L.W. Whitlow (2004). Aflatoxin binders II: Reduction of Aflatoxin M1 
in milk by sequestering agents of  cows consuming Aflatoxin in feed, Mycopathologia, 
157, 233-   241. 

 
Dwivedi S, Sahrawat K, Upadhyaya H, Ortiz R (2013). Food, nutrition and agro-biodiversity 

under global  climate change. Adv Agron 120, 1–128. https://doi.org/10.1016/B978-
0- 

 12- 407686-0.00001-4 

 
Eker, F. Y., Muratoglu, K., & Eser, A. G. (2019). Detection of aflatoxin M1 in milk and milk 

products in Turkey. Environmental Monitoring and Assessment, 191(8). 
https://doi.org/10.1007/s10661-019-7668-9 

FSSAI (Food Safety Standard Authority of India) (2018). National Milk safety and quality 
survey (NMQS- 2018). 
https://fssai.gov.in/upload/uploadfiles/files/Report_Milk_Survey_NMQS_18_10_2019.p 
df 

FUJITA, K. (2009). The Method validation according to Commission Decision 2002/657/EC. 
Mycotoxins, 59(2), 113–118. https://doi.org/10.2520/myco.59.113 

Gizachew, D., Chang, C.-H., Szonyi, B., De La Torre, S., & Ting, W. E. (2019). Aflatoxin B1 
(AFB1) production by Aspergillus flavus and Aspergillus parasiticus on ground 
Nyjer seeds: The effect of water  activity and temperature. International Journal of 
Food Microbiology, 296, 8–13.  doi:10.1016/j.ijfoodmicro.2019.02.017 

 
HU, W. J., WOYCHIK, N., & CHU, F. S. (1984). ELISA of Picogram Quantities of Aflatoxin 

M1 in Urine and Milk. Journal of Food Protection, 47(2), 126–127. 
https://doi.org/10.4315/0362-028x-47.2.126 



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

1000 ROLE OF SEASONAL CHANGES IN AFLATOXIN B1 CONTAMINATION IN COMPOUND CATTLE FEEDS IN KERALA, INDIA. 

 

 

IARC, (1993). World Health Organization. International Agency for Research on Cancer . IARC 
Monographs on the Evaluation of Carcinogenic Risks to Humans. Volume 56. 
IARC Press; Lyon, France. Aflatoxins; pp. 245–395. 

 
Iqbal, S. Z., Nisar, S., Asi, M. R., & Jinap, S. (2014). Natural incidence of aflatoxins, ochratoxin 

A and zearalenone in chicken meat and eggs. Food Control, 43, 98–103. 
https://doi.org/10.1016/j.foodcont.2014.02.046 

Ismail, A., Riaz, M., Akhtar, S., Yoo, S. H., Park, S., Abid, M., Aziz, M., & Ahmad, Z. (2017). 
Seasonal  variation of aflatoxin B&lt;sub&gt;1&lt;/sub&gt; content in dairy feed. 
Journal of Animal and Feed  Sciences, 26(1), 33–
37. https://doi.org/10.22358/jafs/69008/2017 

John, M. P., & Manoj, P. K. (2013). Cattle Feed Market in Kerala: A Study of Purchasing 
Pattern and Buyer  Behaviour. Global Research Analysis, 2(9), 32-33. 

 
Jothish, P. S., & Nayar, T. S. (2004). Airborne fungal spores in a sawmill environment in 

Palakkad District, Kerala,  India. Aerobiologia, 20(1), 75–
81. https://doi.org/10.1023/b:aero.0000022981.70984.b7 

Krishnakumar, K. N., Prasada Rao, G. S. L. H. V., & Gopakumar, C. S. (2009). Rainfall trends 
in twentieth century over Kerala, India. Atmospheric Environment, 43(11), 1940–1944. 
https://doi.org/10.1016/j.atmosenv.2008.12.053 

Liew, W.-P.-P., & Mohd-Redzwan, S. (2018). Mycotoxin: Its Impact on Gut Health 
and Microbiota. Frontiers 
in Cellular and Infection Microbiology, 
8. 
https://doi.org/10.3389/fcimb.2018.00060 

Min, L., Fink-Gremmels, J., Li, D., Tong, X., Tang, J., Nan, X., ... & Wang, G. (2021). An 
overview of a flatoxin B1 biotransformation and aflatoxin M1 secretion in lactating dairy 
cows. Animal Nutrition, 7(1), 42-48. doi: 10.1016/j.aninu.2020.11.002 

 
Minooeianhaghighi, M. H., Marvi Moghadam Shahri, A., & Taghavi, M. (2021). Investigation 

of feedstuff  contaminated with aflatoxigenic fungi species in the semi-arid region in 
northeast of Iran. Environmental Monitoring and Assessment, 193(4). 
https://doi.org/10.1007/s10661-021-08990-7 

Mousa, W., Ghazali, F. M., Jinap, S., Ghazali, H. M., & Radu, S. (2011). Modelling the effect 
of water activity and  temperature on growth rate and aflatoxin production by two 
isolates of  Aspergillus flavus on paddy. Journal of Applied Microbiology, 111(5), 



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

1001 ROLE OF SEASONAL CHANGES IN AFLATOXIN B1 CONTAMINATION IN COMPOUND CATTLE FEEDS IN KERALA, INDIA. 

 

 

1262– 1274. doi:10.1111/j.1365-2672.2011.05134.x 

Muscarella, M., Iammarino, M., Nardiello, D., Lo Magro, S., Palermo, C., Centonze, D., & 
Palermo, D. (2009). Validation of a confirmatory analytical method for the 
determination of aflatoxins B1, B2, G1and G2in foods and feed materials by HPLC with 
on-line photochemical derivatization and fluorescence detection. Food 
Additives &amp;   Contaminants: Part A, 26(10), 1402–
1410. https://doi.org/10.1080/02652030903107906 

Mutuli, G. P., Mbuge, D. O., & Gitau, A. N. (2021). Effect of humidity on aflatoxin 
contamination for selected African leafy vegetables. Journal of Food Science and 
Technology, 59(7), 2724–2730.   https://doi.org/10.1007/s13197-021-05293-0 

Natarajan, S., Balachandar, D., Senthil, N., & Paranidharan, V. (2022). Interaction of water 
activity and temperature on growth, gene expression, and aflatoxin B1 production 
in 

Aspergillus flavus on Indian senna (Cassia angustifolia Vahl.). International Journal of 
Food Microbiology, 361, 109457 doi: 10.1016/j.ijfoodmicro.2021.109457 

 
National Dairy Development Board (NDDB), Government of India. (2016). Dairying in Kerala: 

A Statistical profile 2016. https://www.nddb.coop/sites/default/files/pdfs/NDDB- 
Kerala_11-4-16.pdf 

 
Northolt, M. D., Verhulsdonk, C. A. H., Soentoro, P. S. S., & Paulsch, W. E.   (1976). Effect 

of   Water Activity and Temperature on Aflatoxin Production by 
Aspergillus parasiticus. Journal of Milk and Food Technology, 39(3), 170–174. 
doi:10.4315/0022-2747-39.3.170 

Okoth, S., De Boevre, M., Vidal, A., Diana Di Mavungu, J., Landschoot, S., Kyallo, M., 
Njuguna, J., Harvey, J., &  De Saeger, S. (2018). Genetic and Toxigenic Variability 
within Aspergillus flavus Population Isolated from Maize in Two Diverse 
Environments 
in Kenya. Frontiers  in Microbiology, 
9. 
https://doi.org/10.3389/fmicb.2018.00057 

Patyal, A., Gill, J. P. S., Bedi, J. S., & Aulakh, R. S. (2020). Occurrence of Aflatoxin M1 in Raw, 
Pasteurized and UHT Milk from Punjab, India. Current Science, 118(1), 79. 
https://doi.org/10.18520/cs/v118/i1/79-86 

Patyal, A., Gill, J. P. S., Bedi, J. S., & Aulakh, R. S. (2021). Assessment of aflatoxin 
contamination in dairy animal concentrate feed from Punjab, India. 



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

1002 ROLE OF SEASONAL CHANGES IN AFLATOXIN B1 CONTAMINATION IN COMPOUND CATTLE FEEDS IN KERALA, INDIA. 

 

 

Environmental Science and Pollution Research, 28(28),  37705-37715 doi: 
10.1007/s11356-021- 13321-x 

 
Raj, P. P. N., & Azeez, P. A. (2010). Changing rainfall in the Palakkad plains of South 

India. Atmósfera, 23(1),   75-82. 

Ramachandran, R. M., & Reddy, C. S. (2016). Monitoring of deforestation and land use changes 
(1925–2012) in Idukki district, Kerala, India using remote sensing and GIS. 
Journal of   the Indian Society of Remote Sensing, 45(1), 163–
170. https://doi.org/10.1007/s12524-   015-0521-x 

Report on climate, Kerala, State of Environment and Related Issues, Ministry of Environment 
& Forest, Govt. of India, ENVIS
 Hub: http://www.kerenvis.nic.in/Database/CLIMATE_829.aspx# 

Roze, L. V., Hong, S.-Y., & Linz, J. E. (2013). Aflatoxin Biosynthesis: Current Frontiers. 
Annual Review of Food Science and Technology, 4(1), 293–311. 
https://doi.org/10.1146/annurev-food-083012-123702 

Schmidt-Heydt, M., Abdel-Hadi, A., Magan, N., Geisen, R. (2009). Complex regulation of the 
aflatoxin biosynthesis gene cluster of Aspergillus flavus in relation to various 
combinations of water activity and temperature. International Journal of Food 
Microbiology, 135: 231–237 

 
Sharma H, Jadhav VJ, Garg SR (2019) Aflatoxin M1 in milk in Hisar City, Haryana, India and 

risk assessment.   Food Addit Contam PartB
 13,1–5. 
https://doi.org/10.1080/19393210.2019.1693434 

 
Tai, B., Chang, J., Liu, Y., & Xing, F. (2020). Recent progress of the effect of environmental 

factors on  Aspergillus flavus growth and aflatoxins production on foods. Food Quality 
and Safety, 4(1), 21–28.   doi:10.1093/fqsafe/fyz040 

Udomkun, P., Wiredu, A. N., Nagle, M., Müller, J., Vanlauwe, B., & Bandyopadhyay, R. (2017). 
Innovative  technologies to manage aflatoxins in foods and feeds and the profitability 
of   application–A review. Food Control, 76, 127–
138. https://doi.org/10.1016/j.foodcont.2017.01.008 

Valencia-Quintana, R., Milić, M., Jakšić, D., Šegvić Klarić, M., Tenorio-Arvide, M. G., Pérez- 
Flores, G. A., Bonassi, S., & Sánchez-Alarcón, J. (2020). Environment Changes, 
Aflatoxins, and Health Issues, a Review. International Journal of Environmental 
Research and Public Health, 17(21), 7850. https://doi.org/10.3390/ijerph17217850 



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

1003 ROLE OF SEASONAL CHANGES IN AFLATOXIN B1 CONTAMINATION IN COMPOUND CATTLE FEEDS IN KERALA, INDIA. 

 

 

Veldman A., Meijs J., Borggreve G., & Heeres-van der Tol J. (1992). Carry-over of aflatoxin 
from cows’ food to milk. Anim. Sci. ,55,163–
168. doi: 10.1017/S0003356100037417 

Walter E Paulsch., Eric A Sizoo., & Hans P Van Egmond., (1988). Liquid Chromatographic 
Determination of Aflatoxins in Feedstuffs Containing Citrus Pulp, Journal of 
Association of Official Analytical Chemists, Volume 71, Issue 5, 1 September, 
Pages 957–  961, https://doi.org/10.1093/jaoac/71.5.957 

Warnatzsch, E. A., Reay, D. S., Camardo Leggieri, M., & Battilani, P. (2020). Climate Change 
Impact on Aflatoxin Contamination Risk in Malawi's Maize Crops. Frontiers in 
Sustainable Food Systems, 4, 591792. https://doi.org/10.3389/fsufs.2020.591792 

Wenndt, A., Sudini, H. K., Pingali, P., & Nelson, R. (2020). Exploring aflatoxin contamination 
and household- level exposure risk in diverse Indian food systems. PLOS ONE, 
15(10), e0240565.  doi:10.1371/journal.pone.0240565 

Yu, J., Hennessy, D. A., Tack, J., & Wu, F. (2022). Climate change will increase aflatoxin 
presence in US Corn. Environmental Research Letters, 17(5), 054017. 
https://doi.org/10.1088/1748-9326/ac6435 

 


