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Abstract

Aflatoxin M, (AFM,) is often associated with hepatic cancer and can be traced in animal
and human milk. This carcinogen is derived from aflatoxin B; (AFB,) as a by-product of
hydroxylation process, heat-stable, and difficult to be mitigated from milk. Numerous
studies were done on AFM, treatments, however the research in Malaysia is limited.
Therefore, this study was carried out to determine the occurrence of AFM;in raw and
powdered formulations of goat’s milk in Selangor, Malaysia and to examine the potency
of AFM, via heat treatments such as boiling and pasteurization. A total of eight milk
samples obtained from local farms and markets were subjected to immunoaffinity column
(IAC) and analysed using High Performance Liquid Chromatography-Fluorescence
Detector (HPLC-FD). Aflatoxin M,-positive samples were further subjected to boiling and
pasteurization at 100°C for 3 min and 63°C for 30 min, respectively. Results showed that
three out of eight samples (37.5%) were positive for AFM; in the range of 0.772+0.185 to
4.265+0.371 pg/L. AFM;, concentrations in raw, boiled, and pasteurized samples were not
significant (p>0.05). In conclusion, AFM, is heat-stable and usual heat treatment
employed in domestic or industries did not mitigate the toxin significantly. Goat's milk
manufacturers or farmers must be informed of the toxin hazard and perform regular
monitoring on the feed and farm facilities to avoid AFM; contamination at the early stage,
thus producing safe and wholesome milk for public consumption.

1. Introduction

Aflatoxins are toxic secondary metabolites produced
by Aspergillus species, mainly by A. parasiticus and A.

P450, and is secreted in milk (Vaz et al.,, 2020). AFM,
represents 95% of aflatoxins detected in milk, while
other metabolites such as aflatoxin M, (AFM,),

flavus (Groopman et al., 1988). There are many different
types of aflatoxins; the naturally occurring aflatoxins are
aflatoxin B; (AFB,), aflatoxin B, (AFB,), aflatoxin G
(AFG)), and aflatoxin G, (AFG,), which are normally
found in feeds (Igbal et al., 2015). AFM, is a mono-
hydroxylated derivative of AFB;, which contaminates
milk from dairy ruminants (cow, goat, sheep, buffalo)
fed with AFB,-contaminated diet. Upon consumption of
AFB,-contaminated feeds, approximately 0.3 - 6.2% of
the ingested AFB; undergoes biotransformation and
converted to the monohydroxy derivative AFM; in the
liver of lactating animals, by the action of cytochrome
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aflatoxicol (AFL), My (AFM,), and Q; (AFQ,) are
detected in trace amounts, thus considered of less
significance for public health (Giovati ef al., 2015).

Aflatoxins are classified as Group 1: Carcinogen to
humans by the International Agency for Research on
Cancer (IARC, 2012), with AFM, identified as
hepatotoxic. AFM; demonstrated a direct metabolic
inactivation in human cell lines (MCLS5), and direct
cytotoxicity in human intestinal enterocytes (Caco-2)
(Giovati et al., 2015). Considering the health risks
associated with AFM;, many countries have established
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the maximum residue levels (MRL) for AFM, in milk
and dairy products. The European Commission (EC)
(2010) established the AFM; maximum permissible level
in milk at 50 ng/L in raw milk, the US Food and Drug
Administration (1996) at 200 ng/L, while the Malaysian
Food Regulation 1985 regulated that maximum limit for
AFM; in milk and dairy products to be less than 500 ng/
L. To avoid a carry-over, the legal limit of AFB; in dairy
cow feedstuffs and in feed material has been set at 5 and
20 pg AFBy/kg of feed by the EU and USA, respectively
(Food and Agriculture Organization, 2004). The
monitoring of AFM; contamination in milk represents a
worldwide concern as minute amount of AFM; may be
important and hazardous for high consumption group of
population such as children and infant.

As a heat-stable toxin, AFM, does not easily affected
by high temperature due to its high decomposition
temperature ranging from 237-306°C (Rustom, 1997; Da
-Wen, 2012). Reports abound which support the heat
stability of AFM; in raw and processed milk products
during pasteurization and processing (lha et al., 2011; Al
-Delaimy and Mahmoud, 2015). Omeiza et al. (2018)
applied several heat treatments to cow milk and
compared the AFM, concentration before and after the
heat treatments. Sterilization at 121°C showed a
significant reduction (p<0.05) of AFM, up to 58.8%,
while pasteurization conditions of 61°C for 15 - 20 min
showed no significant AFM; reduction (p>0.05) in cow
milk samples as low as 7.1-10.6%. However, the level of
AFM; reduction was found to be inconsistent where only
8.9% AFM,; was reduced at 100°C. Choudhary et al.
(1998) reported that sterilization of milk at 121°C for 15
min reduced the AFM; by 12.21% and boiling by
14.50%.

Kiermeier and Mashaley (1977) reported that heating
caused AFM; reduction between 12-35% in butter made
from naturally contaminated cream. A study in Kenya
noted that the processed milk had insignificant level of
AFM;, contamination with maximum value of 0.69 ug/L
where raw milk had significant AFM; contamination
with maximum value of 2.93 pg/L (Langat et al., 2016).
Different heat treatments were widely integrated in effort
to reduce the AFM; concentration in dairy products, yet
the incorporation of other substances or living organisms
may provide a great help to the problem. In Ethiopia, the
AFM;, concentration in raw milk samples were reduced
when fermented into ergo (Shigute and Washe, 2018).
Ergo is defined as traditional Ethiopian fermented milk
produced spontaneously in a non-hygienic condition. In
the process, fermentation was done naturally where the
AFM,; was reduced by 57.33% within 5 days. During
fermentation, the pH of the milk samples was gradually
decreased indicating that the removal of AFM,; was
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linked to the microbiological works as microbes would
consumes the nutrients and released organic acids.

In other study, heat treatments on milk supplemented
with hydrogen peroxide (H,0,) at different concentration
assisted in mitigating the AFM, concentration (Motawee
et al., 2006). On the study, the AFM, degradation was
the lowest when heat-treated at 75°C for 40 s and 90°C
for 10 min at the presence of 0.1% H,0O,. The highest
AFM; degradation was recorded when the milk was
boiled for 5 min and pasteurized at 63°C for 30 min, in
the presence of 0.1% H,0,. However, a complete
degradation was observed when the milk was sterilized
at 121°C for 5 min with the presence of 0.1% H,O, on
the third day and remained constant until the fifth day.
Overall, the results exhibited a positive reduction of
AFM, with the increase of H,O, concentration. This
study was parallel to the findings by Aman (1992),
where the AFM,; was greatly degraded when the milk
samples were supplemented with 1% H,O, followed by
heat treatment at 36°C for 30 min and 75°C for 15 s and
boiling for 5 min, respectively. The study also reported
no changes in the AFM,; concentration in the absence
and presence of H,O,, with or without heat-treated (63°C
for 30 min and 75°C for 15 s). Minimal reduction of
AFM; (4.3%) also was noted when the milk sample was
boiled for 5 min with absence of H,O,. Based on the
study, H,O, improved the AFM,; reduction in
combination with heat treatments particularly, boiling.

Heat also affected the AFM, content based on a
study in Serbia (TomasSevi¢ et al., 2015), which was
performed in two consecutive years involving seasonal
variations. Based on the study, AFM; in raw milk was
found at 0.358 and 0.375 ug/kg, in winter and spring,
respectively, while in summer and autumn, the AFM;
were reduced at 0.039 and 0.103 pg/kg, respectively.
This shows climate conditions during sample collection
in temperate countries have significant effect on the
AFM1 concentrations. This trend was also seen in
another study where AFM, in raw milk during winter
season was higher than the summer with mean values of
311.8 and 207.0 ng/L, respectively (Ibrahim et al., 2016).
This showed that heat, even not directly imposed, helps
reduced the AFM; content in milk.

Other than heat treatments, there are several
mitigation strategies reported to minimize the AFM;
contamination. The novel processing techniques
involving a microwave, UV, pulsed light, electrolyzed
water, cold plasma, ozone, electron beam and gamma (y)
irradiation treatment have the potential to mitigate
aflatoxin contamination (Mahato et al, 2019).
Nevertheless, it is noteworthy to acknowledge that the
most crucial part is the implementation of advanced
agricultural technologies, good agricultural practices
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(GAPs), good manufacturing practices (GMPs) and good
storage practices (GSPs) along the supply chain of milk
and milk products (Kamle ef al., 2019).

The occurrence of AFM; in Malaysia have been
reported in milk and milk products such as liquid milk,
powdered milk, cheese, yogurt, and other milk-based
products. Farah-Nadira er al. (2017) reported the
occurrence of AFM; in several milk and milk products in
Terengganu, while Shuib et al. (2017) reported the
occurrence of AFM; in fresh cow milk in Penang. The
contamination levels for positive samples were below
limit allowable in the Malaysian Food Regulation 1985.
In the similar study, Shuib et al. (2017) also reported that
AFM, contamination in the human milk samples were
absent. In another human biomarker study, Sulaiman et
al. (2018) reported that high association between urinary
AFM;, and the dietary intake among adults in Selangor
was contributed by cereal products, followed by eggs,
and dairy products.

The availability of information for AFM; in goat’s
milk in Malaysia were scarce. Goat’s milk industry in
Malaysia has been growing at a significant rate in the last
decade and is considered an important agricultural
commodity despite the lack of officially recorded data
regarding goat milk production and consumption
(Sithambaram and Hassan, 2013; Shahudin ef al., 2018).
The significant growth in demand for goat’s milk among
the public is due to its health benefits contributed by the
unique features of goat’s milk as compared to milk from
other ruminants (Mohsin ef al., 2019). Therefore, this
study aims to determine the occurrence of AFM, in raw
and powdered goat milk from local farms and retail
stores in Selangor, Malaysia. The stability of AFM; in
milk samples were also studied through heat treatments,
which were boiling and pasteurization. Both heat
treatments were selected to represent the home practice
of consumer after receiving local milk supply, with
boiling shown to reduce the AFM; in milk in short time,
while pasteurization condition is widely applied in dairy
industries to market milk products (Aman, 1992).

2. Materials and methods
2.1 Materials and chemicals

A standard solution of AFM,; (1 mL, 10 pg/mL in
acetonitrile) was purchased from Supelco (USA).
Methanol and acetonitrile (HPLC grade) were purchased
from Merck (Darmstadt, Germany). Ultrapure water 18.2
MQ-cm from ELGA LabWater (UK) was used for
experiment and preparation of mobile phase. AflaStar
M1 R immunoaffinity column (IAC) was purchased from
Romer Labs (USA). A reversed-phase column (Hypersil

Gold, C18, 100 x 3 mm, 3 um) was obtained from
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Thermo Fisher Scientific (USA) and used for HPLC
separation. Filter paper (glass microfiber, 934AH, GF/B
circles 90 mm) from Whatman (UK) was used to filter
the milk samples after centrifugation.

2.2 Sample collection

Samples of goat milk were acquired from goat
farmers for raw milk and retail stores for powdered milk
in Selangor, Malaysia. A total of six liquid milk were
gathered from dairy goat farms in different regions such
as Dengkil (A), Serdang (B), Sabak Bernam (C), Kajang
(D), Bangi (E), and Klang (F), while powdered milk
were purchased from two different manufacturers in Seri
Kembangan (G) and Bangi (H), Selangor. The samples
were stored in 250-mL polyethylene terephthalate (PET)
bottles and kept in an ice box during collection,
handling, and stored in freezer (-18°C) until further
analysis. The powdered milk was reconstituted in water
on the day of extraction.

2.3 Extraction of aflatoxin M, using immunoaffinity
column

Extraction of AFM, in goat’s milk was done
following the method of AOAC INTERNATIONAL
Official Method 2000.08-2004. Frozen milk samples
were thawed at 37°C in water bath and 20 mL of each
liquid milk sample was centrifuged at 5000xg for 20 min
at 4°C to remove the lipid layer. After centrifugation, the
lipid layer was discarded using a clean spatula and
immediately filtered using filter paper to obtain skimmed
milk. Next, the skimmed milk (50 mL) was loaded into
IAC column for extraction and purification phase. The
sample was allowed to pass through the column at a rate
of 1-3 mL/min. The IAC was washed twice with 10 mL
phosphate-buffered saline (PBS, pH 7.4) to remove the
extraneous non-specific materials. Liquid residue was
removed by applying pressure on the top of the column.
To elute the AFM,, collection tube was placed under the
column and elution was done using 3 x 0.5 mL of water-
free methanol. Before elution, the methanol was allowed
to sit for 1 min in the column. The flow through was
dried with a nitrogen stream at 50°C and suspended with
1 mL of mobile phase. The suspension was then filtered
on a 0.22 pm membrane filter and subjected to HPLC
analysis.

2.4 Quantification of aflatoxin M; using HPLC

Identification and quantification of AFM,; was
achieved using an HPLC chromatography system which
composed of HPLC (Waters 600, USA) with fluorescent
detector (Waters 2475, USA) (excitation: 365 nm and
emission: 435 nm) and an autosampler (Waters 717 plus
Autosampler, USA). A photochemical reactor enhanced
detection (PHRED) derivatization cell (Aura Industries,
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USA) was used to enhance the AFM; detection. The
separation was performed on a reversed phase column,
Hypersil Gold, C18 (100 x 3 mm, 3 mm) and kept in a
column heater (Waters 8875, USA) at 40°C. Empower 2
Chromatography software (Waters, USA) was used for
data acquisition, processing, and reporting.

Isocratic elution using water: methanol: acetonitrile
mixture (70:25:5, v/v/v) was used throughout the
analysis. The mobile phase was prepared freshly by
filtering the mixture on (0.22 mm, 47 mm) nylon
membrane filter and was degassed by sonication (Power
Sonic 420, South Korea) for 30 min. Injection volume of
10 pL was subjected into HPLC, and the flow rate was
maintained at 0.7 mL/min for 10 min running time.
AFM; standard curve was prepared using blank goat
milk spiked with AFM, standard at 0.5, 1.0, 2.5 and 5.0
mg/L.

2.4 Heat treatments on aflatoxin M -positive milk sample

Milk samples detected with AFM; were further
treated with heat via pasteurization and boiling methods.
For pasteurization, 100 mL of each AFM;-positive
sample was heated at 63°C for 30 min in a metal bowl
using water bath. For boiling method, 100 mL of AFM;-
positive sample was placed in metal pot and heated on a
stove until reached the boiling point (100°C) for 3 min.
Time was recorded upon boiling. The heat-treated
sample was then cooled at room temperature before
analysis.

3. Results and discussion
3.1 Aflatoxin M, calibration curve

Liquid goat milk sample pre-analysed for absence of
AFM,; was used as blank sample for construction of
calibration curve. The calibration curve of AFM, showed
a linear regression with coefficient, R? = 0.998, which
was in the acceptable range (R*>0.995). High R’
indicates an excellent and reliable linear regression for
the determination of analyte in the samples. Figure 1
shows the curve’s linear regression of AFM; from the
fortified blank goat’s milk. The instrument limit of
detection (LOD) for the method developed for
determination of AFM, in milk was 0.5 mg/L, therefore
it was used as the lowest point in the standard curve
(Norlia et al., 2018; John et al., 2019). Although lower
LOD is much desirable, the level is considered
acceptable as the maximum limit allowed in Malaysian
Food Regulation (1985) is 0.5 mg/L in milk and milk
products. Hence, surveillance and monitoring of AFM;
can be performed using this method.
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Figure 1. Standard curve of aflatoxin M, from the fortified
blank goat's milk (R* = 0.998).

3.2 Aflatoxin M, extraction and detection

Brand A, B, C, D, E, and F represent liquid goat
milk while brand G and H represent powdered goat’s
milk. From Table 1, three out of eight samples of goat’s
milk were found to be positive for AFM,, which were
Brand B, C, and D (liquid milk). Mean concentration of
AFM, for brand D was the highest with 4.265+0.371 pg/
L, followed by brand B at 0.789+0.219 pg/L and the
brand C, 0.772+0.185 pg/L. The AFM, concentration in
these three samples exceeded the AFM, regulatory limit
of 0.50 pg/L according to the Malaysian Food
Regulations 1985.

Table 1. Occurrence of aflatoxin M in eight different brands
of liquid and powdered goat's milk collected from local farms
and retailers in Selangor, Malaysia.

Brand Samples AFM; (ng/L)
A Liquid milk nd
B Liquid milk 0.789+0.219
C Liquid milk 0.772+0.185
D Liquid milk 4.265+0.371
E Liquid milk nd
F Liquid milk nd
G Powdered milk nd
H Powdered milk nd

Values are presented as mean+SD of triplicate (n = 3). nd: Not
detected (< LOD).

Based on previous findings, the contamination of
AFM, in goat’s milk was mainly contributed by the
goat’s feed contaminated with AFB; (Applebaum et al.,
1982; Ruangwises and Ruangwises, 2009; Wang et al.,
2012). The substrate or the ingredient that comprises an
animal feed is the most important factor in the fungal
growth and mycotoxin production mainly due to its
nutritional composition (Alvarado ef al., 2017). From the
information provided by the farm’s manufacturer, the
goats were fed with pellet, Napier grass, soy hull, maize,
and soybean. Grains such as maize and soybean are the
common source of aflatoxins. Serious contamination of

© 2025 The Authors. Published by Rynnye Lyan Resources



254

maize and soybean with AFB; for animal feeds have
been reported mainly in tropical and subtropical
countries (Streit et al., 2013; De Rijk et al., 2015; Gruber
-Dorninger et al., 2019) due to the climate condition.

Climate change has been significantly associated
with the increased risk of crop contamination with
aflatoxin-producing fungi. It influenced the expression of
certain AF biosynthetic genes such as afID (structural
gene), aflS, and afIR (main regulatory gene) by the
interaction between the temperature and water activity
(aw) condition (Battilani et al., 2016; Assuncao et al.,
2018). The optimum temperature for growth and
aflatoxin production by A. parasiticus and A. flavus is 25
- 35°C and 28 - 30°C, respectively (Bhat et al., 2010). As
that optimum temperature is provided in warm-
temperature zones, aflatoxins are a far greater problem in
tropical regions such as Malaysia (Afsah-Hejri et al.,
2013). They can be contaminated with aflatoxins via an
initial phase during crop development and a second
phase during crop maturation (Mahato et al., 2019).
Hence, the origin of the feed ingredients and the length
of storage during the transportation must be considered
to make a conclusion about mycotoxin contamination in
a region.

The fungal growth in animal feeds after harvest
during storage 1is influenced by the temperature,
humidity, water activity (ay), the integrity of the grain,
insect damage, and the quantity and type of the
mycobiota (Alvarado et al., 2017). Favourable growth
conditions for causal fungi include substrate moisture
content (15 - 30%), ambient temperature (25 - 30°C),
and relative humidity (above 86%), which could be
found commonly in all tropical climates (John et al.,
2019). A weak standard operating procedure (SOP) of
the feeding management promotes the growth of AFM;-
producing fungi. For example, feed directly placed on
floor without any protection layer will allow absorption
of moisture to the feed and promote growth of aflatoxin-
fungi producer. Unsystematic design of feed store with
poor ventilation system would trap moisture especially
during heavy rain and increase the incidence of fungal
growth on the feed (Sivakumar et al., 2014; Shahudin et
al., 2018). John et al. (2019) suggested the used of
polyethylene-laminated  aluminium  (PELA)  as
packaging, stored at room temperature (25°C) yielded
the lowest concentration of AFB; in peanuts. Therefore,
proper ventilation, insect infestation, and proper
temperature control are the most important factors to
minimize mycotoxin contamination at the storage level.
By implementing of good storage management
techniques, mycotoxin contamination can be minimized.
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3.3 Heat treatments on aflatoxin M;-positive milk sample

There were no significant differences (p>0.05) in the
AFM; concentration for all three samples after boiling
and pasteurization processes, as shown in Figure 2. The
observation is explained by the heat-stable characteristic
of AFM, with decomposition temperature ranging from
237-306°C (Rustom, 1997; Kelly et al., 2005). Some
other reports also corroborate that aflatoxins were stable
during heat treatments such as pasteurization and
sterilization (Van Egmond et al., 1977; Wiseman and
Marth, 1983; Govaris et al., 2002). Little or no reduction
is expected to occur during cooking processes such as
boiling and pasteurization at temperatures of
conventional food processing (80-121°C). Similar
observations were reported by previous studies. Pallarés
et al. (2021) reported that AFB; was not reduced after
thermal treatment at 90°C for 21 s in milk beverages
observing concentrations close to 100 ug/L. Govaris et
al. (2002) observed no significant differences in the
AFM; contents in spiked milk at 0.050 and 0.10 g/L after
heating at 92°C for 3 min, suggesting that AFM, is
relatively stable during pasteurization and sterilization
processes. In contrast, other studies reported significant
reductions of AFM; in milk after heat treatments. Deveci
(2007) achieved AFM; reductions between 12 and 9% in
artificially contaminated milk (1.5 and 3.5 ug/L) after
pasteurization treatment under 72°C for 2 min, while
7.62% of the AFM; level in milk 1is reduced
by pasteurization, as reported by Bakirci (2001).
Choudhary et al. (1998) concluded that destruction of
AFM depends on the time and temperature combination
of the heat treatment applied. Different types of
analytical methods used to determine the AFM; in milk
samples may also contribute to the difference in

observation.
6.000
m Sample B Sample C Sample D a
5.000
: 1
I a
4.000 I
%
2 3.000
s
z
< 2,000
b b b b b b
1.000 = = = =

0.000
Boiled

Pasteurised

Figure 2. Changes of aflatoxin M,; concentration in milk
samples after boiling and pasteurisation. Results are compared
to raw milk before heat treatment. Data are presented as
mean+SD of triplicate (n = 3). Bars with different notations

are statistically significantly different (p<0.05).

For industrial applications, pasteurization is used as
a standard method as a mean to kill pathogens to ensure
milk is safe for consumption and extend shelf life of milk
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and milk products. There are different regimes of
pasteurization; ‘High Temperature Short Time’ (HTST),
‘Low Temperature Short Time’ (LTLT), and ‘Ultra High
Temperature’ (UHT) (Kelly et al., 2005). HTST involves
heating milk to 71.7°C for 15 - 25 s. Once the milk has
been heated, it is then cooled very quickly to less than
3°C, which makes it suitable for continuous
pasteurization system. LTLT utilized low heat (63°C)
and low pressure and held for 30 min. The prolonged
holding period alters the structure of the milk proteins,
making it suitable for making cheese and batch
pasteurization. UHT is a closed pasteurization system
that involves heating between 135 - 150°C for 1 - 2 s
(Kelly et al., 2005).

In many studies, the roles of microbes to improve the
degradation of AFM; in milk, particularly lactic acid
bacteria (LAB) were incorporated as these strains were
excellent in binding toxins. Bacteriocin released from the
heat-killed Lactobacillus rhamnosus and Lactobacillus
acidophilus improved the detoxification of artificially
spiked AFM; in UHT skimmed milk (Nassar et al.,
2018). The bacteriocins from both strains exhibited a
significant AFM; reduction ranging from 33% to 77%.
The heat-killed L. acidophilus significantly had better
capability to bind AFM; (mean percentage: 0%,
27.3+2.9% and 39.07 +£10.33%) compared to L.
rhamnosus with mean percentage of 0%, 12.3+2.6% and
14.3£3.48%. Another study also exhibited significant
reductions of AFM, by
Streptococcus thermophilus, Lactobacillus bulgaricus,
Lactobacillus plantarum and Lactobacillus acidophilus
either in viable, heat-treated or acid-treated stages with
L. plantarum being the remarkable strain in detoxifying
AFM1 in yogurt (Elsanhoty et al., 2014).

Besides biological approach, the ability of kaolin and
calcium bentonite (Ca-bentonite) to degrade AFM; in
milk were also evaluated (Moussa et al., 2020). Both
clays detoxified the AFM; significantly as compared to
the untreated milk. In the study, kaolin reduced AFM;
content from 86.1% to 93.3% while Ca-bentonite from
93.7% to 97.7% without harming the nutritional contents
of the milk. It was also revealed that the increased in Ca-
bentonite would reduce the AFM,; comprehensively. The
ability of sequestering agents was further adopted using
activated charcoal, sodium bentonite, Ca-bentonite, and
esterified glucomannan which all the agents bound AFB;
more than 95% despite of any pH ranging from 95% to
99% (Diaz et al., 2003). The capability of the agents to
remove AFB; would further reduce the AFM,;
contamination in milk.

Apart from heat treatment method, the application of
high voltage atmospheric cold plasma (HVACP) in
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detoxifying AFM; was also studied. Nguyen, Palmer,
Phan et al. (2022) reported that the HVACP method
reduce the AFM; in skimmed milk efficiently with
increasing treatment times (1-20 min), using gas
containing 65% oxygen (MA65: 65% O,, 30% CO,, 5%
N,) rather than air, increasing voltage (60-80 kV) and
reducing sample volume (30 to 10 mL). Besides, the
study also reported that direct treatment on the milk
samples provide effective reduction compared to indirect
treatment. MA65 degraded the AFM; in milk by 78.9%
followed by air with 65% with no change in milk colour.
The cold plasma technology was also proven effective in
reducing the AFM,; contamination in milk in another
study by Nikmaram and Keener (2022). In the study, one
-minute treatment of 90 kV using modified air (MA65)
effectively reduced the AFM,; level in skimmed and
whole milk with 41.9% and 37.8% respectively.
Normally, the skimmed milk would enhance better
removal of AFM; since the removal of milk’s cholesterol
helps better removal of AFM; without any substantial
effects on the milk (Simko and Kolari¢, 2022).
Nevertheless, greater reductions were noticed when milk
samples were treated at a short time following post-
treatment storage where 87% reduction achieved when
the samples were treated using HVACP for 3 min
following 4 h of post treatment.

Irradiation was one of the potential methods in
reducing the AFM; contamination. Hassanpour et al.
(2019) reported that 51.5% of AFM; was reduced in
pasteurized milk after 4 days and 99% reduced after 8
days in comparison to the control. The milk samples
were irradiated using radioactive granite at an acceptable
dose rate, 0.39 mGy daily. Based on the International
Atomic Energy Agency (IAEA) report, the dose rate
applied does not affecting the sensory and chemical
qualities of the milk but improved the shelf life of the
milk. Thus, making radioactive granite as one of the
potential and safer methods to detoxify AFM,. The
reduction of AFM, using ultraviolet (UV) light at 254
nm was also performed. From the study, short-wave
UVC radiation degraded AFM; in milk up to 50% after
20 min of exposure despite of the initial AFM; level.
Other factors such as samples’ depth, time of treatment
and stirring were proven to significantly reduced the
AFM,; without affecting the milk colour (Nguyen,
Palmer, Loo et al., 2022).

4. Conclusion

This study reported on the occurrence of AFM;in
liquid and powdered goat’s milk in Selangor, Malaysia.
Effects of heat treatments on the stability of AFM; were
also determined. The results showed that 37.5% of the
collected milk samples were detected with AFM;
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ranging from 0.772+0.185 to 4.265+0.371 pg/L, while
AFM; concentration in raw, boiled, and pasteurized
samples were insignificant (p>0.05). Albeit having a
small number of samples analysed in this study, the data
are crucial as they represents one of the first reports on
the occurrence of AFM; in liquid and powdered goat’s
milk at consumer level and its stability after heat
treatments. This study highlights the risk of hazard from
aflatoxin contamination upon consuming and processing
of goat’s milk. It contributes to the body of knowledge
and increase awareness for goat’s milk producers and
product manufacturers to maximize mitigation strategies
and to general consumer concerning food safety issues.
A larger sample population along the food chain
supported by a risk assessment study are warranted for
data reliability and validity, hence a more accurate food
safety risk can be concluded. Based on the data in the
study, boiling and pasteurization were insufficient to
reduce the contamination of AFM; in the goat’s milk. At
a farm level, a guided feed-processing procedure and
farm SOP must be followed by farm owners or managers
to minimize the risk of feed contamination by
mycotoxins, therefore AFM; level in animal milk can be
further abated.

Conflicts of interest

The authors declare no conflict of interest.

Acknowledgements

The research work was funded by the Ministry of

Higher Education, Malaysia through Fundamental
Research  Grant  Scheme  (FRGS/1/2025/STG02/
UPM/02/1) and Universiti Putra Malaysia (GP-
IPM/2014/9434800).

References

Afsah-Hejri, L., Jinap, S., Hajeb, P., Son, R. and
Shakibazadeh, S.H. (2013). A review on mycotoxins
in food and feed: Malaysian case study.
Comprehensive Reviews in Food Science and Food
Safety, 12(6), 629-651. http://doi.org/10.1111/1541-
4337.12029

Al-Delaimy, K.S. and Mahmoud, LF. (2015). Aflatoxin
M1 in milk and milk products in Jordan and methods
for its reduction: A preliminary study. British
Journal of Applied Science and Technology, 6(6),
597-605. https://doi.org/10.9734/BJAST/2015/13622

Alvarado, A.M., Zamora-Sanabria, R. and Fabio
Granados-Chinchilla, F. (2017). A Focus on
Aflatoxins in Feedstuffs: Levels of Contamination,

Prevalence, Control Strategies, and Impacts on
Animal Health. In Abdulra’uf, L.B. (Ed.), Aflatoxin

DOI

Jaupis et al. / Food Research pp - pp

- Control, Analysis, Detection and Health Risks.
IntechOpen E-Book. https://doi.org/10.5772/
intechopen.69468

Aman, I. (1992). Reduction of aflatoxin M, in milk using
hydrogen peroxide and hydrogen peroxide plus heat
treatment. Journal of Veterinary Medicine, Series
B, 39(1-10), 692-694. https://doi.org/10.1111/j.1439-
0450.1992.tb01223 .x.

AOAC INTERNATIONAL. (2004). Aflatoxin M1 in
Liquid Milk. Immunoaffinity Column by Liquid
Chromatography (AOAC Official Method 2000.08-
2004). Official Methods of the Analysis of AOAC
INTERNATIONAL. Retrieved from AOAC website:
http://www.aoacofficialmethod.org/index.php?
main_page=product_infoandproducts id=1210

Applebaum, R.S., Brackett, R.E., Wiseman, D.W. and
Marth, E.H. (1982). Aflatoxin: Toxicity to dairy
cattle and occurrence in milk and milk products - A
review. Journal of Food Protection, 45(8), 752-777.
https://doi.org/10.4315/0362-028X-45.8.752

Assuncdo, R., Martins, C., Viegas, S., Viegas, C.,
Jakobsen, L.S., Pires, S. and Alvito, P. (2018).
Climate change and the health impact of aflatoxins
exposure in Portugal-an overview. Food Additives
and Contaminants: Part A, 35(8), 1610-1621. https://
doi.org/10.1080/19440049.2018.1447691

Bakirci, 1. (2001). A study on the occurrence of aflatoxin
M, in milk and milk products produced in Van
province of Turkey. Food Control, 12(1), 47-51.
https://doi.org/10.1016/S0956-7135(00)00020-7

Battilani, P., Toscano, P., Van der Fels-Klerx, H.J.,
Moretti, A., Leggieri, M.C., Brera, C., Rortais, A.,
Goumperis, T. and Robinson, T. (2016). Aflatoxin
B, contamination in maize in Europe increases due
to climate change. Scientific Reports, 6(1), 24328.
https://doi.org/10.1038/srep24328

Bhat, R., Rai, R.V. and Karim, A.A. (2010). Mycotoxins
in food and feed: present status and future concerns.
Comprehensive Reviews in Food Science and Food
Safety, 9(1), 57-81. https://doi.org/10.1111/j.1541-
4337.2009.00094.x

Choudhary, P., Sharma, R.S. and Borkartria, V.N.
(1998). Effect of chilling and heating on aflatoxin
M; content of contaminated Indian cow’s milk.
Egyptian Journal of Dairy Science, 26, 223-229.

Da-Wen, S. (2012). Thermal Food Processing: New
Technologies and Quality Issues. 2™ ed. Florida,
USA: CRC Press. https://doi.org/10.1201/b12112

De Rijk, T.C., Van Egmond, H.P., Van der Fels-Klerx,
H.J., Herbes, R., De Nijs, M., Samson, R.A., Slate,
A.B. and Van der Spiegel, M. (2015). A study of the
2013 Western FEuropean issue of aflatoxin

© 2025 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1016/S0956-7135(00)00020-7

257

contamination of maize from the Balkan area. World
Mycotoxin  Journal,  8(5), 641-651. https:/
doi.org/10.3920/WMJ2015.1903

Deveci, O. (2007). Changes in the concentration of
aflatoxin M; during manufacture and storage of
white pickled cheese. Food Control, 18(9), 1103-
1107. https://doi.org/10.1016/j.foodcont.2006.07.012

Diaz, D.E., Hagler, W.M. Jr., Hopkins, B.A. and
Whitlow, L.W. (2003). Aflatoxin binder I: In vitro
binding assay for aflatoxin B;by several potential
sequestering agents. Mycopathologia, 156, 223-226.
https://doi.org/10.1023/A:1023388321713

Elsanhoty, R.M., Salam, S.A., Ramadan, M.F. and Badr,
F.H. (2014). Detoxification of aflatoxin M, in
yoghurt wusing probiotics and lactic acid
bacteria. Food Control, 43, 129-134. https:/
doi.org/10.1016/j.foodcont.2014.03.002

European Commission. (2010). Commission Regulation
(EU) 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 the European
Union, 50, 8-12.

Farah-Nadira, A., Rosita, J., Norhaizan, M.E. and
Redzwan, S.M. (2017). Screening of aflatoxin M;
occurrence in selected milk and dairy products in
Terengganu, Malaysia. Food Control, 73(Part B),
209-214. https://doi.org/10.1016/
j-foodcont.2016.08.004

Food and Agriculture Organization (FAO). (2004).
Worldwide regulations for mycotoxins in food and
feed in 2003. FAO Food and Nutrition Paper.
Retrieved from website: https:/www.rivm.nl/
bibliotheek/digitaaldepot/23661 ADC.pdf

Food and Drug Administration (FDA). (1996). Whole
milk, low fat milk, skim milk-aflatoxin M; (CPG
7106.210, Section 527.400). FDA compliance policy
guides, p. 219. Washington, DC, USA: FDA.

Food Regulations. (1985). Table II. Mycological
Contamination, [Subs. PU (A) 435/10]. Retrieved on
August 12, 2021 from MOH Website: https://
hq.moh.gov.my/fsq/xs/dl.php?
filename=Schedules+in+Food+Regulations+1985+U
pdate+December+2023+%28PUA+209 2020%
29+200624.pdf

Giovati, L., Magliani, W., Ciociola, T., Santinoli, C.,
Conti, S. and Polonelli, L. (2015). AFM; in milk:
Physical, biological, and prophylactic methods to
mitigate contamination. 7oxins, 7(10), 4330-4349.
https://doi.org/10.3390/toxins 7104330

Govaris, A., Roussi, V., Koidis, P.A. and Botsoglou,
N.A. (2002). Distribution and stability of aflatoxin

DOI

Jaupis et al. / Food Research pp - pp

M, during production and storage of yoghurt. Food
Additives and Contaminants, 19(11), 1043-1050.
https://doi.org/10.1080/026520302100000783 1

Groopman, J.D., Lawrence, L.G., Thomas, W.K. and
Curtis, C.H. (1988). Aflatoxin exposure in human
populations: Measurements and relationship to
cancer. CRC Critical Reviews in Toxicology, 19(2),
113-145. https://
doi.org/10.3109/10408448809014902

Gruber-Dorninger, C., Jenkins, T. and Schatzmayr, G.
(2019). Global mycotoxin occurrence in feed: A ten-
year survey. Toxins, 11(7), 375. https:/
doi.org/10.3390/toxins11070375

Hassanpour, M., Rezaie, M.R. and Baghizadeh, A.
(2019). Practical analysis of aflatoxin M, reduction
in pasteurized milk using low dose gamma
irradiation. Journal of Environmental Health Science
and Engineering, 17(2), 863-872. 10.1007/s40201-
019-00403-9

Ibrahim, D.K., El-Zamik, F.I., Mohamed, G.E. and Abdl
El-Basit, HM. (2016). Determination of aflatoxin
M, level in milk and some dairy products. Zagazig
Journal of Agricultural Research, 43(1), 151-163.
https://doi.org/10.21608/zjar.2016.101576

Tha, M.H., Barbosa, C.B., Okada, I.A. and Trucksess,
M.W. (2011). Occurrence of aflatoxin M; in dairy
products in Brazil. Food Control, 22(12), 1971-
1974. https://doi.org/10.1016/j.foodcont.2011.05.013

International Agency for Research in Cancer (IARC).
(2012). TARC Monographs on the Evaluation of
Carcinogenic Hazards to Humans. Retrieved from
website: https://monographs.iarc.who.int/list-of-
classifications

Igbal, S.Z., Jinap, S., Pirouz, A.A. and Faizal, A.A.
(2015). Aflatoxin M; in milk and dairy products,
occurrence, and recent challenges: A review. Trends
in Food Science and Technology, 46(1), 110-119.
https://doi.org/10.1016/j.tifs.2015.08.005

John, J.M., Jinap, S., Hanani, Z.A.N., Nor-Khaizura,
M.A.R. and Samsudin, N.L.P. (2019). The effects of
different packaging materials, temperatures, and
water activities to control aflatoxin B production by
Aspergillus  flavus and A. parasiticus in stored
peanuts.  Journal of Food  Science
Technology, 56(6), 3145-3150.
doi.org/10.1007/s13197-019-03652-6

Kamle, M., Mahato, D.K., Devi, S., Lee, K.E., Kang,
S.G. and Kumar, P. (2019). Fumonisins: impact on
agriculture. food, and human health and their
management strategies. Toxins, 11(6), 328. https://
doi.org/10.3390/toxins11060328

Kelly, A.L., Datta, N. and Deeth, H.C. (2005). Thermal

and

https://

© 2025 The Authors. Published by Rynnye Lyan Resources


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

258

processing of dairy products. In Da-Wen, S. (Ed.).
Thermal Food Processing: New Technologies and
Quality Issues. 2™ ed., p. 273-306. Boca Raton,
USA: CRC Press.

Kiermeier, F. and Mashaley, R. (1977). Influence of raw
milk processing on the aflatoxin M, content in milk
products. European Food Research and Technology,
164(3), 183-187. https://doi.org/10.1007/
BF01263028

Langat, G., Tetsuhiro, M., Gonoi, T., Matiru, V. and Bii,
C. (2016). Aflatoxin M; contamination of milk and
its products in Bomet County, Kenya. Advances in

Microbiology, 6(7), 528. https://doi.org/10.4236/
aim.2016.67053
Mahato, D.K., Lee, K.E., Kamle, M., Devi, S.,

Dewangan, K.N., Kumar, P. and Kang, S.G. (2019).
Aflatoxins in food and feed: An overview on
prevalence, detection, and control strategies.
Frontiers in Microbiology, 10, 2266. https:/
doi.org/10.3389/fmicb.2019.02266

Mohsin, A.Z., Sukor, R., Jinap, S., Hussin, A.S.M. and
Ismail, LH. (2019). Chemical and mineral
composition of raw goat milk as affected by breed
varieties available in Malaysia. International Journal
of Food Properties, 22(1), 815-824. https://
doi.org/10.1080/10942912.2019.1610431

Motawee, M.M., Ibrahim, M.K. and Nassib, T.A. (2006).
Effect of hydrogen peroxide (H,0O,) and different
heat treatments on aflatoxin M1 content in milk.

Conference of Role of Biochemistry in Environment
and Agriculture, 1(3), 159-166.

Moussa, A.L, Sobeih, A.M., Al-Hawary, LI., Elkassas,
W.M. and Barakat, R. (2020). Efficacy of kaolin and
bentonite clay to reduce aflatoxin M; content in
contaminated milk and effects on milk
quality. Pakistan Veterinary Journal, 40(2), 181-
186. https://doi.org/10.29261/pakvetj/2020.001

Nassar, W.S., Elbarbary, H.A., Ibrahim, E., Mohammed,
H.A. and Ibrahim, M.L. (2018). A new trial in Egypt
to detoxify AFM; in UHT milk by lactobacilli and
their bacteriocins. Alexandria Journal for Veterinary

59(1), 60-67. https://doi.org/10.5455/

Sciences,

2jvs.299013

Nguyen, T., Palmer, J., Phan, N., Shi, H., Keener, K. and
Flint, S. (2022). Control of aflatoxin M; in skimmed
milk by high voltage atmospheric cold plasma. Food
Chemistry, 386, 132814 https://doi.org/10.1016/
j.-foodchem.2022.132814

Nguyen, T., Palmer, J., Loo, T., Shilton, A., Petcu, M.,
Newson, H.L. and Flint, S. (2022). Investigation of
UV light treatment (254 nm) on the reduction of
aflatoxin M, in skim milk and degradation products

DOI

Jaupis et al. / Food Research pp - pp

after treatment. Food Chemistry, 390, 133165 https://
doi.org/10.1016/j.foodchem.2022.133165

Nikmaram, N. and Keener, K.M. (2022). Degradation of
aflatoxin M; in skim and whole milk using high
voltage atmospheric cold plasma (HVACP) and
quality assessment. Food Research International,
162, Part A, 112009. https://doi.org/10.1016/
j.foodres.2022.112009

Norlia, M., Nor-Khaizura, M.A.R., Selamat, J., Abu
Bakar, F., Son, R. and Chin, C.K. (2018). Evaluation
of aflatoxin and Aspergillus sp. contamination in raw
peanuts and peanut-based products along the supply
chain in Malaysia. Food Additives and
Contaminants: Part A, 35(9), 1787-1802. https://
doi.org/10.1080/19440049.2018.1488276

Omeiza, G.K., Mwanza, M., Enem, S.I., Godwin, E.,
Adeiza, M.A. and Okoli, C. (2018). Reducing
efficiencies of the commonly used heat treatment
methods and fermentation processes on aflatoxin M;
in naturally contaminated fresh cow milk. Open
Journal of Veterinary Medicine, 8(8), 134. https://
doi.org/10.4236/0jvm.2018.88013

Pallarés, N., Sebastia, A., Martinez-Lucas, V., Gonzalez-
Angulo, M., Barba, F.J., Berrada, H. and Ferrer, E.
(2021). High pressure processing impact on
alternariol and aflatoxins of grape juice and fruit
juice-milk based beverages. Molecules, 26(12),
3769. https://doi.org/10.3390/molecules26123769

Ruangwises, S. and Ruangwises, N. (2009). Occurrence
of aflatoxin M; in pasteurized milk of the school
milk project in Thailand. Journal of Food
Protection, 72(8), 1761-1763. https://
doi.org/10.4315/0362-028X-72.8.1761

Rustom, LY. (1997). Aflatoxin in food and feed:
occurrence, legislation, and inactivation by physical
methods. Food Chemistry, 59(1), 57-67. https://
doi.org/10.1016/S0308-8146(96)00096-9

Shahudin, M.S., Ghani, A.A.A., Zamri-Saad, M., Zuki,
A.B., Abdullah, F.F.J., Wahid, H. and Hassim, H.A.
(2018). The necessity of a herd health management
programme for dairy goat farms in Malaysia.
Pertanika Journal of Tropical Agricultural Science,
41(1), 1-18.

Shigute, T. and Washe, A.P. (2018). Reduction of
aflatoxin M1 levels during Ethiopian traditional
fermented milk (Ergo) production. Journal of Food
Quality, 2018, 4570238. https://
doi.org/10.1155/2018/4570238

Shuib, N.S., Makahleh, A., Salhimi, S.M. and Saad, B.
(2017). Natural occurrence of aflatoxin M1 in fresh
cow milk and human milk in Penang, Malaysia.
Food Control, 73(Part B), 966-970. https://

© 2025 The Authors. Published by Rynnye Lyan Resources


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

259 Jaupis et al. / Food Research pp - pp

doi.org/10.1016/j.foodcont.2016.10.013

Simko, P. and Kolari¢, L. (2022). Decrease in aflatoxin
M1 concentration in milk during cholesterol removal
by application of B-cyclodextrin. Toxins, 14(6), 379.
https://doi.org/10.3390/%20toxins 14060379

Sithambaram, S. and Hassan, Q.N. (2013). Country
report — Malaysia. Asian Australasian Dairy Goat
Network (AADGN) Country Reports. Serdang,
Malaysia: Universiti Putra Malaysia, p. 57-65.

Sivakumar, V.K., Singaravelu, G. and Sivamani, P.
(2014). Isolation, characterization, and growth
optimization of toxicogenic moulds from different
animal feeds in Tamil Nadu. Infernational Journal of
Current Microbiology and Applied Sciences, 3(9),
430-445.

Streit, E., Naehrer, K., Rodrigues, I. and Schatzmayr, G.
(2013). Mycotoxin occurrence in feed and feed raw
materials worldwide: long-term analysis with special
focus on Europe and Asia. Journal of the Science of
Food and Agriculture, 93(12), 2892-2899. https://
doi.org/10.1002/jsfa.6225

Sulaiman, S.H., Jamaluddin, R. and Sabran, M.R.
(2018). Association between urinary aflatoxin
(AFM,) and dietary intake among adults in Hulu
Langat district, Selangor, Malaysia. Nutrients, 10(4),
460. https://doi.org/10.3390/nu10040460

Tomasevié, 1., Petrovié, J., Joveti¢, M., RaiCevi¢, S.,
Milojevi¢, M. and Miocinovi¢, J. (2015). Two-year
survey on the occurrence and seasonal variation of
aflatoxin M; in milk and milk products in
Serbia. Food Control, 56, 64-70. https://
doi.org/10.1016/j.foodcont.2015.03.017

Van Egmond, H.P., Paulsch, W.E., Veringa, H.A. and
Schuller, P.L. (1977). The effect of processing on the
aflatoxin M; content of milk and milk products.
Archives de Institut Pasteur de Tunis 54(3/4), 381-
390.

Vaz, A., Cabral Silva, A. C., Rodrigues, P. and
Venancio, A. (2020). Detection methods for
aflatoxin M1 in dairy products. Microorganisms, 8
(2), 246. https://doi.org/10.3390/
microorganisms8020246

Wang, Y., Liu, X., Xiao, C., Wang, Z., Wang, J., Xiao,
H., Cui, L., Xiang, Q. and Yue, T. (2012). HPLC
determination of aflatoxin M, in liquid milk and
milk powder using solid phase extraction on OASIS
HLB. Food Control, 28, 131-134. https://
doi.org/10.1016/j.foodcont.2012.04.037

Wiseman, D.W. and E.H. Marth. (1983). Heat and acid
stability of aflatoxin M, in naturally and artificially
contaminated milk. Milchwissenschaft, 38, 464-466.

DOI

© 2025 The Authors. Published by Rynnye Lyan Resources


about:blank
about:blank
https://doi.org/10.3390/microorganisms8020246
https://doi.org/10.3390/microorganisms8020246
about:blank

