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Abstract

Milk is generally considered a complete diet with high nutritional value for all age groups. The present study focused
on evaluating the fresh raw milk sold at outlets to determine its physicochemical composition, adulteration, and
mycotoxin contamination. The dairy milk samples (n=20) collected from Nall, a nearby remote area of Khuzdar
District, were analyzed using a Lacto-scan, Dairy Milk Adulterant Detection Kit, and Thin Layer Chromatography.
The results regarding the physicochemical composition, including Total Fats, Solids-Not-Fat (SNF), Density, Sugar
Contents (Lactose), Salt, Protein, Added Water, Freezing Point, Conductivity, and pH, showed a significant (P<0.05)
difference among sales outlets. The overall mean percent values were 2.85+1.21, 6.31+1.72, 20.37+5.65, 3.43+0.96,
0.50+0.14, 2.32+0.62, 31.65+19.74, -0.39+0.12, 3.67+0.55, and 6.65+0.19, respectively. The results of the screening for
adulterants revealed that the collected milk samples were found to be adulterated with detergent, sugar, and skim milk,
with adulteration percentages of 10%, 30%, and 25%, respectively. Howevet, adul teration with hydrogen peroxide,
boric acid, starch, urea, carbonate, formalin, hypochlorite, sodium chloride, and pulverized soap was not observed.
Aflatoxin M1 contamination above the permissible limits was evident in 5% of samples.
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INTRODUCTION

Milk is widely regarded for its appealing taste and unique nutritious value (1). It is a natural
beverage that provides balanced amounts of quality fats, proteins, carbohydrates, minerals, and vitamins
(2). Consumed by people of all ages and genders (3), milk from different animal sources may vary in
composition, viscosity, odor, and taste, although it retains similar fundamental nutritional properties (4).
Any addition or removal of substances from natural milk is termed as adulteration (5), a practice that may
reduce milk quality and can introduce harmful substances into the dairy supply chain, posing risks to
human health (6).

My cotoxins are a heterogeneous group of toxic secondary metabolites secreted by fungi. Under
favorable conditions, toxigenic fungi (molds) from genera such as Fusarium, Aspergillus, and Penicillium can
produce hundreds of mycotoxin variants (7). When livestock ingest mycotoxin-contaminated feed, it not
only causes detrimental health effects in animals but also poses significant risks to humans consuming
products derived from exposed animals (8). Among mycotoxins, aflatoxins are the most toxic, and among
aflatoxins, aflatoxin-B1 (AFB1) is the most potent. Aflatoxin-M1 (AFM1), often referred to as the milk toxin,
is a hydroxylated metabolite formed when AFB1 is metabolized in the liver by cytochrome P450 enzymes
9). Approximately 0.3% to 6.2% of ingested AFB1 is converted into AFM1 (10). Classified by the
International Agency for Research on Cancer (IARC) as a Group 2B probable human carcinogen (11), AFM1

in milk and dairy products poses a serious worldwide public health threat (12). Its documented effects
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include hepatocellular carcinoma (HCC), teratogenicity, cytotoxicity, and DN A mutations (13). Regulatory
limits reflect this concern: the US Food and Drug Administration (USFDA) sets the maximum level for
AFM1 in milk at 0.5 parts per billion (ppb), while the European Union (EU) imposes a stricter limit of 0.05
ppb (14). Milk, a highly nutritious liquid, is the sole food source for infants and a primary dietary
component for growth, development, and immune system support across all age groups (2). Consequently,
contamination of milk with AFM1 exceeding permissible levels is a significant public health concern.

Keeping in view the critical nutritional value of milk and its vulnerability to adulteration and
contamination with hazardous substances such as AFM1, this study aimed to assess the quality of raw milk
supplied in a remote area of Balochistan, Pakistan. It specifically focused on physicochemical characteristics,
adulteration, and AFM1 contamination. The findings address a key research gap for an underserved region

and provide a foundation for developing future intervention strategies.

METHODOLOGY

A baseline, cross-sectional study was conducted from November 2022 to February 2023, focusing on
determining the physicochemical characteristics, screening for adulterants, and evaluating mycotoxin

contamination in raw milk samples.

MATERIAL PREPARATION

All the materials & equipment used to collect the samples were sterilized. Preparation of Sabouraud
Dextrose Agar was done according to standard microbiological procedure and autoclaved at 121°C for 20
minutes. Another 150ml of autoclaved Sabouraud Dextrose Agar was taken in test tubes for slide culture
method.

AREA OF STUDY AND SAMPLE COLLECTION

Twenty fresh raw milk samples (500 ml each; n=20) were randomly collected from milk outlets
located in Nall (rural area near Khuzdar city). Samples were collected using sterilized, screw-capped glass
containers and transported under cold chain conditions to CASVAB within 24 hours for subsequent

analysis.
SAMPLE ANALYSIS

Sample analysis was performed at the Toxicology Laboratory of the Center for Advanced Studies in
Vaccinology and Biotechnology (CASVAB), University of Balochistan. The study employed standardized
analytical protocols to: (i) characterize physicochemical properties, (ii) screen for milk adulterants, and (iii)

evaluate Aflatoxin-M1 contamination levels. Detailed methodologies for each analysis are described below.

PHYSIOCHEMICAL COMPOSITION ANALYSIS

The analyzed physicochemical parameters included fat content, solids-not-fat (SNF), lactose,
density, mineral salts, protein content, added water detection, freezing point, conductivity, and pH using a
LactoScan™ milk analyzer according to the manufacturer's operational protocols. This instrument utilizes
advanced Fourier Transform Infrared (FTIR) spectroscopy technology for comprehensive milk composition

analysis.

MILK ADULTERANT SCREENING

Potential adulterants were screened using a commercially available milk adulteration test kit
(PCSIR, Lahore). The test panel included detection of: detergents, hydrogen peroxide (H20:), hypochlorite,
boric acid (H3BOs), formalin (CH20), starch, urea, carbonates, sodium chloride (Na Cl), sugars, skim-milk
powder, pulverized soap, and starch. All tests were performed following the manufacturer's standardized

procedures with appropriate quality controls.
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EVALUATION OF AFLATOXIN-M1 CONTAMINATION LEVELS

Modified methodology of Rashid et al. (2012) using thin-layer chromatography (TLC) was followed
to perform Aflatoxin-M1 screening. The procedure commenced with activation of silica gel TLC plates by
oven-heating at 110°C for 1 hour. A baseline was marked 1 inch above the plate's lower margin using a
pencil. Applied 100 ul of 50 ppb Aflatoxin-M1 standard solution followed by duplicate test sample spots in
an alternating pattern across the plate, ensuring consistent spotting technique for both standards and
samples. Chromatographic separation was achieved using a mobile phase comprising chloroform, acetone,
and water (88:12:1.5 v/v) in a developing tank. Special attention was given to maintain the mobile phase
level below the baseline. Development continued until the solvent front reached approximately 1 inch from
the plate's upper edge. After marking the solvent front, plates were air-dried and examined under both

short (254 nm) and long (365 nm) wavelength UV light for fluorescence visualization of AFM1 spots (15).
RESULTS & DISCUSSION

The physicochemical characteristics of milk samples from Nall are presented in Table I. Significant
variations (P<0.05) were observed across all measured parameters among different sale outlets. The samples
showed considerable added water content (31.65+19.74%), potentially explaining the observed dilution

effects on milk constituents.

Table 1. Physiochemical characterization of fresh raw milk samples

Parameters Mean+SD p value
Fat 2.85+1.21 <0.001
SNF 6.27+2.41 <0.05
Density 20.37£5.65 <0.001
Lactose 3.43+0.96 <0.001
Salts 0.50+0.14 <0.001
Protein 2.32+0.62 <0.001
Added water 31.65+19.74 <0.001
Freezing Point -0.39+0.12 <0.001
Conductivity 3.67+0.55 <0.001
pH 6.65+0.19 <0.001

Milk, due to its unique nutritional profile, is vital for human health across all age groups (16).
Physicochemical characterization of fresh raw milk samples revealed significant (P<0.05) inter-sample
variation for most parameters analyzed. The observed solids-not-fat (SNF) content (6.27 + 2.41%) was
significantly lower than values (8.39-8.97%) reported by Yoganandi et al., (2014) for Indian cattle. This
reduction is potentially attributable to water adulteration, detected at 26.99 + 19.53% in our samples.
Similarly, protein (2.30 + 0.89%) and lactose (3.33 + 1.26%) contents were substantially lower than literature
values (protein: 3.32-3.87%; lactose: 4.42-4.70%) reported by Yoganandi et al., (2014), further supporting
possible adulteration (17). The freezing point (-0.42 + 0.1°C) was partially aligned with the findings reported
by Soomro et al., (2014), approached 0°C (18). This elevation from the typical milk freezing point
(approximately -0.54°C) is might be due to a reduced solute concentration resulting from adulteration. pH
values (6.69 + 0.15) were consistent with findings from Ahmad et al., (2013) and Kausar et al., (2023). In
contrast, electrical conductivity (3.88 + 0.86 mS/cm) was lower than typical literature values (3, 19), likely
reflecting dilution of ionic constituents. Fat content (2.94 + 0.94%) showed no significant variation across
samples from different sale outlets in this study. However, it was markedly lower than values (4.56-5.25%)
reported by Kanwal ef al., (2004) for buffalo milk in the Rawalpindi region (20). This discrepancy could
indicate breed-specific differences (e.g., comparing cattle to buffalo milk), regional variations, or potential

skimming practices.
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ADULTERANT SCREENING

Potential adulterants were screened using a commercially available milk adulteration test kit
(PCSIR, Lahore). The test panel included detection of: detergents, hydrogen peroxide (H0z2), hypochlorite,
boric acid (HsBOs), formalin (CH:0), starch, urea, carbonates, sodium chloride (NaCl), sugars, skim-milk
powder, pulverized soap, and starch. All tests were performed following the manufacturer's standardized

procedures with appropriate quality controls.

Table Il. Detection frequency (%) of adulterants in fresh raw milk samples

S. No. Adulterant Positivity percentage Negativity percentage
01 Hydrogen peroxide 0 100
02 Detergent 10 90
03 Boric Acid 0 100
04 Starch 0 100
05 Urea 0 100
06 Carbonate 0 100
07 Formalin 0 100
08 Hypochlorite 0 100

9 Sodium Chloride 0 100
10 Sugar 30 70
11 Skim Milk 25 75
12 Pulverized soap 0 100

The results of present study demonstrate a distinct pattern of milk adulteration in the studied
region. The complete absence of certain adulterants (particularly chemical preservatives like formalin and
hydrogen peroxide) suggests either effective regulation of these substances or changing adulteration
practices. However, the presence of detergent, sugar and skim milk powder at notable frequencies indicates
ongoing quality issues, likely motivated by economic gain through volume manipulation.

The findings partially align with a previous study conducted by Chugh and Kaur (2022) in the
Delhi-NCR region, which detected adulteration with water, skim milk powder, sugar, and detergent
(21). The detection of detergent (in 10% of our samples) is particularly concerning, as it may indicate either
poor hygiene practices during milk handling or intentional addition to enhance foaming properties.
Furthermore, our results showing the relatively high prevalence of sugar (30%) and skim milk powder (25%)
suggest economically motivated adulteration to increase volume and perceived richness. Such practices not
only compromise nutritional quality but may also pose health risks, particularly for vulnerable populations.
However, our results differ from those of Memon et al., (2018), who reported additional adulterants —
including starch, formalin, and sodium chloride — in marketed raw fresh milk in Hyderabad's milk supply
(22); these adulterants were not detected in our study. These regional variations may reflect differences in:
local adulteration practices, enforcement of food safety regulations, or the availability and cost of
adulterants.

Milk adulteration remains a persistent challenge in developing countries, significantly altering the
physicochemical properties of milk and compromising its nutritional quality (23, 24). This practice has
become increasingly prevalent due to several interconnected factors: rapid urbanization, population growth,
and the consequent surge in milk demand have created economic incentives for adulteration (22).
Adulterators primarily employ this deceptive practice to artificially increase milk volume, thereby
maximizing profits while disregarding food safety standards. The most common adulterants - including
water, vegetable proteins, and chemical extenders - are deliberately chosen for their ability to mimic genuine
milk characteristics while substantially reducing production costs. This economically motivated fraud not
only deceives consumers but also poses significant public health risks, particularly when harmful substances

are used as adulterants.
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AFLATOXIN-M1 CONTAMINATION LEVELS

The analysis of raw dairy milk samples from Nall revealed significant Aflatoxin-M1 (AFMI)
contamination, as presented in Table III. Of the tested samples, 65% were contaminated with AFM1, with
20% exceeding the stringent EU regulatory limit of 0.05 ug/kg. The remaining 45% of positive samples
contained detectable levels below this threshold, while 35% showed no quantifiable contamination (below
detection limit). These findings indicate substantial AFM1 exposure in the local dairy supply, posing

potential health risks to consumers.

Table Ill. Aflatoxin-M1 contamination status

S. No. Contamination level Percentage
1. More than 0.05 ug/kg 20
2. Less than 0.05 ug/kg 45
3 Not detected 35

Regional comparisons demonstrate consistently high AFM1 contamination across Pakistan, though
with notable geographical variations. While the current study found 65% of Nall's milk samples
contaminated, previous research reports even higher prevalence —76.3% in Punjab's milk supply @» and
96.43% in Sindh, where 70% of samples exceeded US regulatory limits 0. These findings, corroborated by
Yunus et al.'s (2019) risk assessment, confirm that Pakistani consumers face widespread AFM1 exposure.
The observed inter-study differences likely arise from multiple factors: geographical disparities in feed
storage conditions promoting Aspergillus growth, seasonal fluctuations in fungal contamination, variations
in analytical detection limits, and divergent dairy farming practices 7. Of particular concern is that 20% of
Nall's samples surpassed the EU's strict 0.05 pg/kg threshold —a troubling finding given AFM1's
documented hepatotoxicity and carcinogenicity with chronic exposure. Even the 45% of samples with
detectable but lower-level contamination merit concern, as they indicate persistent background exposure

that may cumulatively impact public health, especially in vulnerable populations.

CONCLUSION

Substantial compositional deviations were observed, confirming adulteration with water,
detergent, hypochlorite, sugar, and skimmed milk, as well as AFM1 contamination levels exceeding
permissible limits. This compromised milk safety profile demands urgent intervention from food

regulatory bodies, including systematic surveillance and stringent regional controls.
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