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Abstract

A four-month long study throughout the summer of 2022 i.e., April, May, June, and July; was
conducted to determine Aflatoxin M1 concentration in raw milk retailed in the shops of Lahore,
Pakistan. A total of 40 samples (10 per month) were analyzed using the ELISA kit method while
considering European Union (50ng/kg), US Food and Drug Regulation Authority (500ng/kg), and
Pakistan Pure Food Regulations (500ng/kg) as AFM1 permissible limits. About 82.50% of 40
samples were contaminated with AFMI1 while only 17.50% samples were found to be
uncontaminated. Of these contaminated samples over 87.88% samples exceeded the safe limit as set
by the European Union i.e., 50ng/kg with only 12.12% of the samples being safe for use. On the
other hand, only 6.06% of the samples were unfit as per the USFDA & Punjab Pure Food
Regulations (PPFR) limit i.e., 500ng/kg. A mean value of 133.57 + 0.14ng/kg of AFMI
contamination was calculated ranging from 5.43 + 0.05ng/kg to 964.75 + 0.04ng/kg in April and
July, respectively. The lowest average contamination was recorded in May i.e., 68.35 = 0.258ng/kg
which went progressively higher in the later months due to unusual record-breaking rainfall in the
region while highest average contamination was found in the month of July i.e., 228.789 +
0.075ng/kg. The current study is significantly important as it identify the contamination of Aflatoxin
M1 in raw milk in the summer season.
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Introduction

Aflatoxins are the carcinogenic metabolites of fungi
produced by various species of Aspergillus i.e., 4. flavus and
A. parasticus that can cause contamination in derivatives and
products of plants (Creppy, 2002). The two species of mold
infect cereals and oil seeds that are majorly consumed as
cattle feed. Their growth is influenced by numerous factors
like temperature, relative humidity, oxygen availability, and
damaged or broken grain kernels (Awasthi ef al. 2012).

There are different classes of Aflatoxins include (AFBI-
aflatoxin B1), (AFB2- aflatoxin B2), (AFG1- aflatoxin G1)
and (AFG2- aflatoxin G2). Due to high toxicity,
teratogenicity, hepatocarcinogenicity and mutagenicity; the
International Agency for Research on Cancer has categorized
aflatoxins putting AFB1 under “Group I” (Igbal et al. 2011;

Ostry et al. 2017). The cattle consuming a fungal-infested
feed may ingest Aflatoxin B1 with it. This Aflatoxin B1 is
then hydroxylated to Aflatoxin M1 by the enzyme
Cytochrome P450 inside its liver. This hydroxylated
Aflatoxin M1 is then excreted in the milk of that cattle
making it unfit for use (Forrester et al. 1990).

Limited research data is available from the past regarding the
health effects of Aflatoxin M1. This is because it is very hard
to isolate a large quantity of Aflatoxin M1 in pure form to
conduct extensive toxicological research for this compound
(Eaton and Groopman, 2013). However, it has been
confirmed that Aflatoxin M1 is comparatively less toxic than
Aflatoxin B1 and the sequence of their toxicity is given as
AFB1+AFM1 > AFB1 > AFM1 (Li et al. 2018).
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The toxicological effects of Aflatoxin M1 that have been
reported to date include carcinogenic effects (Cullen et al.
1987), oxidative stress on Kidney (Li ef al. 2018), and several
immunosuppressive effects (Luongo er al. 2014). The
combined effect of AFM1 and AFB1 working synergistically
with Hepatitis B virus and causing a 12 fold rise in liver
cancer risk have been reported as well (Sun ef al. 2013).

There are various regulatory limits for Aflatoxin Ml
contamination in liquid raw milk throughout the world
depending upon the economic conditions and availability of
resources in the region (Stoloff ef al. 1991; Van Egmond,
1989). As per the standards of the European Union, the
maximum limit allowed for AFM1 contamination in liquid
raw milk is 50ng/kg (European Commission, 2010). The
limit of 500ng/kg has been allowed by US Food and Drug
Administration, and Punjab Pure Food Regulations, Pakistan
(US Food and Drug Administration, 2000; Punjab Pure Food
Regulations, 2018) Hence, there are varying differences in
the maximum permissible limit of AFM1 in liquid raw milk
among different countries and regions of the world (Egmond,
1989).

Data from previous studies conducted on Aflatoxin M1 Milk
contamination showed varying contamination levels in
different regions of Pakistan. A previous study from year
2011 conducted in various regions of Punjab province
reported 64ng/kg as the mean AFM1 contamination level in
milk from urban areas, with over 42% and 15% samples
exceeding the European Union (i.e., 50ng/kg) and USFDA
(i.e., 500ng/kg) limit, respectively (Igbal et al. 2014). The
same study showed 40ng/kg as the mean AFMI
contamination level in milk from rural farmhouses with over
27% and 8% samples exceeding the European Union and
USFDA limit, respectively (Igbal et al. 2014). On the
contrary, a study from Lahore in 2007 reported 17.380ng/kg
as the mean AFM1 contamination level in milk, with over
81% of samples exceeding the European Union limit
(Muhammad ef al. 2010). Another longitudinal one year-long
study from 2018 reported a concentration of 1535ng/kg as the
mean AFM1 contamination level in raw milk of Islamabad,
with over 91.9% of samples exceeding the European Union
limit (Yunus et al. 2019). These varying differences in the
results could be due to varying temperature conditions,
different seasons, feed, and storage conditions used by the
farmers in different areas and also differences in the approach
for quantification of AFM1 by the researchers. Such studies
can therefore help to determine the factors responsible for
varying levels of AFM1 contamination in different regions
which allows taking region-specific measures to control
further contamination in the future.

59(2) 2024

The present 4 months’ study was also designed to assess
AFM1 contamination levels in raw milk from different
regions of Lahore throughout summer in compliance with the
International and National regulatory limits using ELISA
technique.

Materials and methods
Sampling

A random collection of Raw Milk samples was conducted
from multiple regions of Lahore. The process of sampling
continued throughout the months of summer, 2022 i.e., April,
May, June, and July. Each month 10 different samples of
500ml raw milk were collected from different retail shops in
a pre-sterilized glass bottle and then transported in
ice-packed coolers to the Aflatoxin Testing Lab at PCSIR
Laboratories Complex, Lahore. It was ensured that fresh
samples were collected each time. The samples were kept at
a temperature of -20°C before being analyzed for AFM1
detection (Muhammad et al. 2010) and their identity was also
masked from analysts to keep the study blind and unbiased.

Aflatoxin M1 analysis

The samples of raw milk were analyzed for AFMI
contamination using the ELISA Kit (8019 Veratox® for
Aflatoxin M1, NEOGEN, USA) following the protocols as
mentioned by the manufacturer. The limit of detection (LOD)
and range of quantitation of the kit used was 4.3ng/kg and
5-100ng/kg AFM1, respectively. Samples lying outside this
range were quantitated by dilution instructions as provided
by the manufacturer.

Before analysis, the kit was validated to avoid any errors in
the readings during the study. To initialize the test, milk
samples were first incubated at 4°C for 30-35 min. Then a
subsample of 5ml from each sample is transferred to test
tubes and centrifuged at 3000 rpm for 15 min. The obtained
serum was then used to run the test while discarding the fat
layer beforehand. Furthermore, the test was performed as
specified by the kit manufacturer. Additionally, 6 standards
as provided by the manufacturer were also run with each new
batch of test to ensure its validity.

After completion of the test procedure, all the microwells
carrying subsamples and 6 standards were analyzed using
Neogen® Stat-Fax 4700 Microwell Reader for quantitation.

Results and discussion

The levels of Aflatoxin M1 contamination found in raw
milk samples collected throughout the summer are given in
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Table 1. These levels ranged from 5.43 + 0.05ng/kg to
964.75 + 0.04ng/kg with an average concentration of
133.5695 + 0.14ng/kg. Analysis showed that 82.5% of 40
samples were contaminated with Aflatoxin M1. These
results can be seen in Table II. Previously, a study revealed
100% AFM1 contamination in 40 samples of raw milk in
Lahore (Zahra et al. 2020). Similarly, a high prevalence of
86.66% AFMI1 contamination in 340 samples has been
reported in Punjab as well (Tahira ef al. 2019). Contrary to
this, a quite low percentage of AFMI prevalence i.e.,
47.5% and 51.5% was found in raw milk from regions of
Punjab and NWFP, respectively (Igbal ef al. 2011).

Table I. Quantity of Aflatoxin M1 from April-July

Universally, the most commonly followed AFMI
permissible limits include the limit of the European Union
i.e., 50ng/kg and Food and Drug Regulation Authority
legislation i.e., 500ng/kg. (European Commission, 2010; US
Food and Drug Administration, 2000). The limit set by the
FDA (500ng/kg) is currently being officially followed in
Pakistan under the Punjab Pure Food Regulations (Punjab
Pure Food Regulations, 2018). Therefore, the results of the
present study were analyzed considering both the permissible
limits i.e., EU (50ng/kg) and FDA (500ng/kg) as shown in
Tables I and IV. Analysis showed that 87.88% of the
contaminated samples exceeded the European Union limit,
including 6.06% of samples even exceeding the limit of the
FDA and PPFR as well. A graphical representation of this

Total Avg. SD.

Month  Sr. No. MQ. +SD (ng/kg) Month Sr.No. MQ.=+SD (ng/kg) (ng/kg) (ng/kg)
1 5.43+£0.05 21 378.28 £0.51
2 91.38+£0.18 22 351.3+0.09
3 100.49 £0.10 23 68.12+0.17
4 125.35+£0.03 24 87.75+0.11
5 119.32+0.12 25 0.00
April June
6 0.00 26 124.69 +0.08
7 92.43 £0.11 27 325.55+0.36
8 98.39 £ 0.08 28 226.65 +0.04
9 0.00 29 65.28 +£0.08
10 51.25+0.05 30 59.72+0.03
133.57 0.14
11 82.97 +0.89 31 44.24 £0.06
12 0.00 32 107.73 £0.13
13 263.83 +£0.04 33 67.97 +0.33
14 63.23+0.51 34 36.79 £ 0.02
15 0.00 35 421.36 +0.07
May July

16 20.2 +0.37 36 964.75 + 0.04
17 93.93+£0.18 37 0.00

18 96.12 + 0.40 38 518.63 £ 0.05
19 0.00 39 70.02 £ 0.01
20 63.23 +0.19 40 56.4+0.04

- MQ. Stands for mean quantity calculated in parts per trillion (ng/kg ).
- SD. Stands for Standard Deviation calculated in parts per trillion (ng/kg ).
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Table II. Statistical Results of Aflatoxin M1 Contamination
Contaminated Uncontaminated
Month Samples No. of No. of
tested contaminated Total  Percentage uncontaminated Total  Percentage
samples samples
April 10 8 2
May 10 7 o 3 o
June 10 9 33 82.50% 1 7 17.50%
July 10 9 1
Table III. Contaminated samples exceeding permissible limits
European Union (>50 ng/kg) FDA/PPF R (>500ng/kg)
Month S\ ot unfit No. of unfit
tested O O unit Total  Percentage - O S Total Percentage
samples samples
April 10 7 0
May 10 6 0
29 87.88% 2 6.06%
June 10 9 0
July 10 7 2

can also be seen in Figure 1 and 2. Similar results have
already been reported in another study conducted in Lahore
in Spring and Summer, where assessment of 94 raw milk
samples revealed 71% of samples exceeding the EU limit
while only 6.3% of samples exceeding the limit of the FDA
and the PPFR (Ahmad et al. 2019). Another study conducted
throughout the year 2015 on a total of 240 samples from
different regions of Punjab showed 53% of samples
exceeding the FDA limit (Akbar ef al. 2020).

The mean quantity of AFM1 contamination in each month
from April-July is given in Table V. The outcomes showed

average concentrations of 68.404 + 0.0723ng/kg, 68.351 £
0.258ng/kg, 168.734 £ 0.147ng/kg and 228.789 + 0.075ng/kg
in April, May, June, and July, respectively (Table V).

The highest mean quantity of AFM1 can be seen in July,
while the lowest was found in May, although the mean
quantity of each month lay within the limit of the FDA and
the PPFR but exceeded the EU limit. The pattern of change in
AFMI1 contamination with each month throughout summer
can be depicted from the slope of Figure III. The ideal growth
conditions for species of fungi like A. flavus and A.
parasiticus contaminating the feed are: 13-18% feed moisture
while environmental humidity range between 50% to 60%.

Table I'V. Contaminated samples within permissible limits

European Union (<50 ng/kg)

FDA/PPFR (<500 ng/kg)

Month Samples No. of fit No. of fit
tes ted s:fn(p))le; Total Percentage sgfncf))l e; Total Percentage
April 10 1 8
May 10 1 7
4 12.12% 31 93.94%
June 10 0 9
July 10 2 7




Zahra, Saeed, Ahmed, Zain and Jalal 119

Table V. Variation of Aflatoxin M1 contamination throughout the summer

Month Range (ng/kg) MQ. (ng/kg) SD. (ng/kg)

April 5.43-125.35 68.404 0.0723

May 20.2-263.83 68.351 0.258

June 59.72-378.28 168.734 0.147

July 36.79-964.75 228.789 0.075
Contaminated

Uncontaminated )
samples, 17.5

samples, 82.5

Unfit, 87.88

Fit, 12.12

Fig. 1. European union sample analysis

The mold of the specie then requires a Temperature of 25°C
and a relative humidity range of 85-90% to produce the toxin,
AFBI (Bakirci, 2001). This may be the reason for the sudden
hike in AFM1 contamination in June which then prevailed in
July as well. Punjab and so is Lahore experienced
record-breaking  rain  ie., 62.1lmm/+110.9%  and
2243mm/+115.5 during June and July, respectively
(Pakistan Meteorological Department, 2022; Pakistan
Meteorological Department, 2022). Hence, contributing to a
more humid atmosphere and providing ideal conditions for
Fungi to grow. The pattern of results is also following
various contemporary studies in which high production of
Aspergilus species, the primary source of AFBI, was
reported in more humid conditions (Levi¢ et al. 2013; Jaksic¢
et al. 2015; Dragan et al.2019).

A study from Karachi, researched on 156 milk samples
revealed 91.7% AFMI1 contamination with a range of
20-3090ng/kg and a mean value of 346.2ng/kg. The study
showed that 80.1% of samples exceeding the EU limit while

almost 32.7% samples lying outside the limit of FDA limit
(Asghar ef al. 2018). Another study conducted in Southern
Punjab, Pakistan explored seasonal effect of AFM1 in Milk
samples. Analysis showed an overall contamination of 93%
with a contamination range of 1-260ng/kg and 53% samples
exceeding the EU limit (Ismail ef al. 2016). The same study
showed that maximum contamination was found in winter
i.e., 92% contamination. Comparatively, our study was
conducted in the months of summer, the season with high
accessibility of green and fresh fodder. This is already
proven by various studies that Milk samples from the
months of summer showed less AFMI1 contamination
(Ghiasian et al. 2007; Peng and Chen, 2009). However,
some contradictory evidence of an increase in the
production of mycotoxins in elevated temperature
conditions has been reported as well (Paterson and Lima,
2010). Similarly, year-long Serbian-based research claimed
the highest AFM1 contamination in the season of autumn,
reporting 29.3% of samples of raw milk exceeding the EU
limit (Miocinovic et al. 2017).
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Uncontaminated
samples, 17.5

Contaminated
samples, 82.5

Fit, 93.94

Unfit, 6.06

Fig. 2. FDA/PPFR samples analysis
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Fig. 3. Variation of AFM1 contamination throughout the Summer

Other than humidity and temperature, the feed fed to cattle
also contributes greatly to the contamination of AFMI1 in
Milk. A study reported higher contamination of Aflatoxin B1
in such leftover breads and the feed being commercially
given to cattle in Pakistan (Ismail et al. 2017). The same
researcher previously reported that leftover bread is the
primary source for direct intake of Aflatoxigenic fungal
species in Pakistan (Ismail et al. 2016).

The presented results validate that record-breaking
rainfall in Punjab contributed to more ideal growth of
fungal species in fodder due to the humid environment,
leading to more contamination of Aflatoxin M1 in Milk
of Lahore.

Conclusion

The findings of the study conducted clearly shows that raw
milk being sold at retail shops in Lahore is unfit for human
consumption. Lahore being one of the largest cities with
nearly 11,119,985 citizens (Pakistan Bureau of Statistics,
2017) poses a higher degree of contaminating its
inhabitants with AFM1. The study showed that citizens of
Lahore are at greater risk of being exposed to AFMI1 in
more humid months as compared to dry months. So, steps
need to be taken from governance to the grass-roots level
to ensure the quality of milk being sold especially in
humid months.



Zahra, Saeed, Ahmed, Zain and Jalal 121

Acknowledgement

The authors acknowledge the assistance provided by Dr.
Quratulain Syed, Director General PCSIR Labs, Lahore in
the editorial comments of the research paper.

References

Ahmad M, Awais M, Ali SW, Ali Khan HA, Riaz M, Sultan
A, Bashir MS and Ishtiaq Chaudhry A (2019),
Occurrence of aflatoxin M1 in raw and processed milk
and assessment of daily intake in Lahore, Multan cities
of Pakistan, Food Additives and Contaminants: Part B,
12:  18-23. https://doi.org/ 10.1080/ 19393210.
2018.1509899

Akbar N, Nasir M, Naeem N, Ahmad MUD, Saeed F, Anjum
FM, Igbal S, Imran M, Tufail T, Shah F U and Atif M
(2020), Assessment of Aflatoxin in milk and feed
samples and impact of seasonal variations in the
Punjab, Pakistan, Food Science and Nutrition 8:
2699-2709. https://doi.org/10.1002/fsn3.1557

Asghar MA, Ahmed A and Asghar MA (2018), Aflatoxin M1
in fresh milk collected from local markets of Karachi,
Pakistan. Food Additives & Contaminants: Part B 11:
167-174.  https://doi.org/10.1080 /19393210.2018.
1446459

Awasthi V, Bahman S, Thakur LK, Singh SK, Dua A and
Ganguly S (2012), Contaminants in milk and impact of
heating: an assessment study, Indian Journal of Public
Health 56: 95-99. DOI: 10.4103/0019-557X.96985

Bakirci I (2001), A study on the occurrence of aflatoxin M1
in milk and milk products produced in Van province of
Turkey, Food Control 12: 47-51. https://doi.org/
10.1016/S0956-7135(00)00020-7

Creppy EE (2002), Update of survey, regulation and toxic
effects of mycotoxins in Europe, Toxicology Letters
127:  19-28.  https://doi.org/10.1016/S0378-4274
(01)00479-9

Cullen JM, Ruebner BH, Hsieh LS, Hyde DM and Hsieh DP
(1987), Carcinogenicity of dietary aflatoxin M1 in
male Fischer rats compared to aflatoxin B1, Cancer
Research 47: 1913-1917.

Dragan M, Brankica L, Radivoj P, Zoran P, Jelena J, Srdjan
S and Sasa J (2019), Climate change: impact on
mycotoxins incidence and food safety, Teopus u
npaxkmuxa nepepabomiu msca 4: 9-16.

Eaton DL and Groopman JD (2013), The toxicology of
aflatoxins: human health, veterinary, and agricultural
significance, Elsevier.

European Commission. (2010), European Commission
Regulation (EC) No 165/2010 of 26 February 2010.
Amending Regulation (EC) No 1881/2006 setting
maximum levels for certain contaminants in foodstuffs
as regards aflatoxins, Official Journal of European
Union L. 50: 8-12

Food and Drug Administration (US) (2000), Guidance for
industry: action levels for poisonous or deleterious
substances in human food and animal feed. (Internet),
http://www.fda.gov.

Forrester LM, Neal GE, Judah DJ, Glancey MJ and Wolf CR
(1990), Evidence for involvement of multiple forms of
cytochrome P-450 in aflatoxin Bl metabolism in
human liver, Proceedings of the National Academy of
Sciences 87: 8306-8310. https://doi.org/10.1073/
pnas.87.21.8306

Ghiasian SA, Maghsood AH, Neyestani TR and Mirhendi
SH (2007), Occurrence of aflatoxin M1 in raw milk
during the summer and winter seasons in Hamedan,
Iran, Journal of Food Safety 27: 188-198.
https://doi.org/10.1111/j.1745-4565.2007.00071.x

Igbal SZ, Asi MR and Arifio A (2011), Aflatoxin Ml
contamination in cow and buffalo milk samples from
the North West Frontier Province (NWFP) and Punjab
provinces of Pakistan, Food Additives and
Contaminants: Part B 4: 282-288. https://doi.org/
10.1080/19393210.2011.637237

Igbal SZ, Asi MR and Selamat J (2014), Aflatoxin M1 in milk
from urban and rural farmhouses of Punjab, Pakistan,
Food Additives and Contaminants: Part B. 7: 17-20.
https://doi.org/10.1080/19393210.2013.828322

Igbal SZ, Paterson RRM, Bhatti IA and Asi MR (2011),
Comparing aflatoxin contamination in chilies from
Punjab, Pakistan produced in summer and winter,
Mpycotoxin Research 27: 75-80.

Ismail A, Riaz M, Akhtar S, Yoo SH, Park S, Abid M, Aziz
M and Ahmad Z (2017), Seasonal variation of
aflatoxin B1 content in dairy feed, Journal of Animal
and Feed Sciences 26: 33-37.

Ismail A, Riaz M, Levin RE, Akhtar S, Gong YY and
Hameed A (2016), Seasonal prevalence level of
aflatoxin M1 and its estimated daily intake in Pakistan,
Food Control 60: 461-465. https://doi.org/10.1016/



122 Aflatoxin M1 in raw milk in summer season

j-.foodcont.2015.08.025

Jaksi¢ S, Zivkov-Balo§ M, Prica N, Magi¢ Z, Nesi¢ K, Jaji¢ 1
and Abramovi¢ B (2015), The influence of climatic
factors in Serbia on mycotoxin production. In
Scientific Veterinary Institute ‘Novi Sad’: Proceedings
of the First International Symposium of Veterinary
Medicine (ISVM2015) ‘One Health—New Challenges’,
Novi Sad, Serbia, pp 166-172.

Levi¢ J, GOSIC-DONDO SNEZANA, Ivanovi¢ D,
Stankovi¢ S, Krnjaja V, Bocarov-Stanc¢i¢ A and
Stepani¢ A (2013), An outbreak of Aspergillus species
in response to environmental conditions in Serbia,

Pesticides and Phytomedicine/Pesticidi i Fitomedicina
28: 167-179. DOI: 10.2298/PIF1303167L

Li H, Xing L, Zhang M, Wang J and Zheng N (2018), The
toxic effects of aflatoxin Bl and aflatoxin M1 on
kidney through regulating L-proline and downstream
apoptosis, BioMed Research International 9074861:
2018. https://doi.org/10.1155/2018/9074861

Luongo D, Russo R, Balestrieri A, Marzocco S, Bergamo P
and Severino L (2014), In vitro study of AFB1 and
AFM1 effects on human lymphoblastoid Jurkat T-cell
model, Journal of Immunotoxicology 11: 353-358.
https://doi.org/10.3109/1547691X.2013.848250

Miocinovic J, Keskic T, Miloradovic Z, Kos A, Tomasevic I,
and Pudja P (2017), The aflatoxin M1 crisis in the
Serbian dairy sector: the year after, Food Additives &
Contaminants: Part B 10: 1-4. https://doi.org/10.1080/
19393210.2016.1210243

Muhammad K, Tipu MY, Abbas M, Khan AM and Anjum AA
(2010), Monitoring of aflatoxin M1 in market raw milk
in Lahore City, Pakistan, Pak. J. Zool 42: 697-700.

Ostry V, Malir F, Toman J and Grosse Y (2017), Mycotoxins
as human carcinogens the IARC Monographs
classification, Mycotoxin Research 33: 65-73.

Pakistan Bureau of Statistics (2017), Provisional Province
Wise Population by Sex & Rural/Urban of 6th
Population & Housing Census of Pakistan 2017.

Pakistan Meteorological Department (2022), Pakistan’s
Monthly Climate Summary June, 2022. [internet].
http://www.pmd.gov.pk.

Paterson RRM and Lima N (2010), How will climate change
affect mycotoxins in food?, Food Research
International  43: 1902-1914. https://doi.org/10.
1016/j.foodres.2009.07.010

59(2) 2024

Peng KY and Chen CY (2009), Prevalence of aflatoxin M1 in
milk and its potential liver cancer risk in Taiwan,
Journal of Food Protection 72: 1025-1029.

Punjab Pure Food Regulations (2018), Punjab Food
Authority, Government of Punjab, Pakistan (www.pfa.
gop.pk/wp-content/uploads/2018/06/punjab-pure-food
-regulations-2018. pdf)

Stoloff L, Van Egmond HP and Park DL (1991), Rationales
for the establishment of limits and regulations for
mycotoxins, Food Additives & Contaminants 8:
213-221. https://doi.org/10.1080/02652039109373971

Sun Z, Chen T, Thorgeirsson SS, Zhan Q, Chen J, Park JH,
Lu P, Hsia CC, Wang N, Xu L, Lu L, Huang H, Zhu Y,
LulJ,NiZ, Zhang Q, Wu Y, Liu G, Wu ZQC and Gail
MH (2013), Dramatic reduction of liver cancer
incidence in young adults: 28 year follow-up of
etiological interventions in an endemic area of China,
Carcinogenesis  34:  1800-1805.  https://doi.org/
10.1093/carcin/bgt007

Tahira I, Sultana N, Munir A, Hasan SM and Hanif NQ
(2019), Occurrence of Aflatoxin M1 in raw and
processed milk consumed in Pakistan, Pakistan
Journal of Pharmaceutical Sciences 32: 1097-1101.

Van Egmond HP (1989), Current situation on regulations for
mycotoxins. Overview of tolerances and status of
standard methods of sampling and analysis, Food
Additives & Contaminants 6: 139-188. https://doi.org/
10.1080/02652038909373773

Yunus AW, Imtiaz N, Khan H, Ibrahim MNM and Zafar Y
(2019), Aflatoxin contamination of milk marketed in
Pakistan: A longitudinal study, Toxins 11: 110.
https://doi.org/10.3390/toxins11020110

Zahra N, Jamil N, Ahmad SR, Kalim I, Saeed MK. [jaz A
and Munir S (2020), Assessment of Milk Quality by
Analyzing Aflatoxin M1 in Branded and Non
Branded Milk Samples Collected from Different
Shops/Areas in Lahore, Pakistan, Pakistan Journal of
Zoology 52: 373.



