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Milk and dairy adulteration practice nowadays is becoming a global concern. The present study discloses the role
of gamma irradiation as a cost-effective and rapid-detection approach to detect adulterants in milk instead of
using expensive and time-consuming chemical-based methods. In the present study, synthetic milk samples were
prepared using different common adulterants (vegetable oil, urea, water) and a comparative analysis has been
done with market milk samples along with fresh milk based upon the attenuation property. The obtained linear
attenuation coefficient decreases significantly (p < 0.05) with the increasing concentration of adulterants in
sample. The recorded attenuation coefficient for fresh milk was 0.379 + 0.04 and that of adulterated samples
found to be in the range of 0.296-0.188. Moreover, different protein coagulation patterns of the heat-processed
milk samples were detected. The coagulated protein of adulterated milk shows a granular texture. The attenu-
ation coefficient of milk samples decreases with the gradual increase of adulterants. The correlation between the
attenuation coefficient and adulterants in milk indicated the possible use of gamma radiation as a significant
adulterant-detection method.

1. Introduction

India is one of the highest milk production countries (annual pro-
duction of around 127 million tons) worldwide according to NDDB
(National Dairy Development Board) (2013) [1]. Naturally milk is ob-
tained from lacteal secretion by complete milking which contains defi-
nite percentages of fat, protein, solids. However, due to its health
benefits, the increasing demand for milk production is leading to the
malpractice of synthetic milk production. Addition of the adulterants to
natural milk and manipulation of the available nutrients is creating
serious concern for health upon consumption. Although several methods
viz., determination of fat and solids, freezing point, bacterial count etc.
are available to detect the added chemicals like vegetable oil, urea,
detergent etc. in the milk [1], the determination procedures are
expensive and time consuming [1]. According to Indian Council of
Medical Research (ICMR) report, addition of such foreign elements in
milk can show hazardous effect on human health resulting in impair-
ment of biological systems over the time. The most common difference
in the properties of synthetic and natural milk is that on rubbing on the
palm, synthetic milk produces foam like appearance. pH of the synthetic
milk is also highly alkaline (pH 10-11) in comparison with natural milk
(pH 6.6-6.8) which is almost neutral in nature. On heating in case of
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synthetic milk, the colour of milk turns to pale yellow after sometimes.
Whereas, under the similar conditions the colour of natural milk remains
the same [2]. Presence of different adulterants in the synthetic milk
changes the primary composition of milk. Component like urea is used
as non-protein nitrogen (NPN) source to prepare synthetic milk to in-
crease the milk solid not fat (SNF) content to get the thick and
concentrated texture [3]. Presence of NPN also increases the protein
value as it is measured based on nitrogen content. According to the
Expert committees from World Health Organization (WHO) and Food
and Drug Administration (FDA) toxicity of adulterants, crystal formation
due to added elements can lead to blockage of renal tubes resulting in
the kidney functioning failure [4-6].

Besides health concern, storage stability of the milk is also a major
concern [7]. In comparison with natural milk, adulterated milk shows
longer shelf life due to presence of added urea, detergent, vegetable oil
etc. Presence of urea is responsible for the alkaline pH of synthetic milk.
This elevated urea concentration prevents aggregation as well as pre-
cipitation of milk protein and leads to stabilization of the protein
resulting in longer shelf life [8,9]. This is also one of the reasons the
practice of production of synthetic milk in market is increasing day by
day. Milk is considered as an essential food for daily healthy diet in
everyday life [10,11] as it is a rich source of calcium, protein, minerals,

E-mail addresses: manalich2@gmail.com, manalil1073@cuh.ac.in (M. Chakraborty), savitadahiya@cuh.ac.in (S. Budhwar), suneelkumar@cuh.ac.in (S. Kumar).

https://doi.org/10.1016/j.jafr.2023.100595

Received 8 December 2022; Received in revised form 21 April 2023; Accepted 22 April 2023

Available online 4 May 2023

2666-1543/© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:manalich2@gmail.com
mailto:manali11073@cuh.ac.in
mailto:savitadahiya@cuh.ac.in
mailto:suneelkumar@cuh.ac.in
www.sciencedirect.com/science/journal/26661543
https://www.sciencedirect.com/journal/journal-of-agriculture-and-food-research
https://doi.org/10.1016/j.jafr.2023.100595
https://doi.org/10.1016/j.jafr.2023.100595
https://doi.org/10.1016/j.jafr.2023.100595
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jafr.2023.100595&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

M. Chakraborty et al.

carbohydrates, fat and essential vitamins [12,13]. Addition of urea,
starch, ammonium, sulphate, salt, water and milk powder to natural
milk increase the volume and viscosity of milk [14]. Chemical pre-
servatives viz., formalin are also added in milk to enhance storage sta-
bility [15,16] with adverse health effects. Therefore, as a replacement to
the available adulteration detection methods, the role of radiation to
identify the presence of added constituents is being explored intensively
(Udagani and Ramesh 2014). The study of diffusion and penetration of
gamma radiation in the external medium to understand the interaction
of radiation with matter can be advantageous for several applications in
the field of food science and human health [17].

Adulteration of food products using cheaper and harmful sub-
stituents is a crucial problem faced by the society. A study mentioned
mixing of cheaper solvent, diethylene glycol in alcohol based beverages
to enhance sweetness which indirectly reduce the cost [18,19].
Depending on the level of consumption of toxic adulterants over time,
effect of such adulterants on health can be graded [20-22]. In previous
study, gamma ray spectroscopic method was used to detect such adul-
terants based upon the alteration in linear and mass attenuation co-
efficients. Although gamma ray spectroscopy method is more popular in
nuclear science research, the study of interaction of gamma radiation
with solid food products or liquid products like juice, milk etc. can de-
pict significant information about the chemical composition of the
provided sample. The linear attenuation coefficient and mass absorption
coefficient depends on the energy of the incident gamma radiation and
the chemical composition of the sample [23]. The linear attenuation
coefficients of potassium chloride, ammonium chloride, ferrous sul-
phate, carbohydrates, phenol, urea and lactose in milk at different
concentrations had been studied using gamma ray spectroscopic tech-
nique [24-30]. The detection and quantitative estimation of adultera-
tion like melamine content in milk powder using gamma ray
spectroscopy (Udagani and Ramesh 2014) also had been reported. Ac-
cording to the obtained data, linear attenuation coefficient increases
with increase in the melamine content in milk powder.

Instead of using expensive analytical techniques, gamma irradiation
technology can play a key role to detect adulterants in milk based upon
the radiation attenuation property of the same in a cost-effective way
[31]. The attenuation coefficient is basically the measurement by which
absorption of incident energy beam through a material can be studied.
Due to presence of definite elements, exposed gamma radiation either
get absorbed in the sample or scattered in certain manner and escape.
The behaviour of gamma radiation is different for different elements.
Hence, it is essential to explore the use of gamma radiation as an
alternative and nondestructive technique, free from the usage of other
reagents to detect the presence of adulterants [32]. Therefore,
comparative study to estimate attenuation co-efficient from synthetic
milk and natural milk can be helpful further to detect the adulteration in
milk.

Hence based on the literature survey, the present study has two
fold objectives: To understand the role of gamma radiation for the
detection of adulterants present in milk samples by comparing the ob-
tained attenuation coefficient. The storage stability of adulterated milk
samples, commercial milk and natural milk along with the effect of heat
treatment and gamma radiation exposure to the milk protein coagula-
tion pattern have been analyzed as well.

2. Materials and methods

In the present study, the detection of presence of adulterants in milk
samples has been performed by designing untargeted model instead of
screening particular adulterant using targeted model. Untargeted model
detects nonspecific deviations in the attenuation coefficient of the milk
samples.

Double toned milk samples (Milk brand 1,2,3) had been procured
from the local market of Mahendergarh, Haryana. Fresh milk was
collected from the breed Murrah buffalo of local village of
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Mahendergarh and time of milking was 5.00 a.m. Fat and protein
analysis of the raw samples (without boiling) were determined followed
by Soxhlet and Kjeldahl method [33] respectively. The process of sample
processing was carried out in the laboratory of ‘Department of Nutrition
Biology’, Central University of Haryana, India. Further proceedings of
irradiating milk samples to gamma source and detection of gamma ra-
diation in the samples were carried out in the ‘Department of Physics
and Astrophysics’, Central University of Haryana, India.

137Cs gamma source was preferred to determine the radiation
attenuation property of different milk samples using GM counter. The
calibration of detector was performed using test radioactive source. The
counting time with and without absorber was set to 90 s in order to
minimize statistical error, Counting timing, and other experimental
conditions were kept same to obtain initial and final intensity. The
attenuation coefficient of any food item is the reflection of its internal
structure. The quantity of energy absorbed by any food item is related to
their attenuation coefficient. Hence small value of linear attenuation
coefficient indicate that material is transparent, while a larger value of
attenuation coefficient indicates greater opacity [34]. The measured
intensity (I) of transmitted gamma ray through a layer of material with
thickness (t) is related to intensity of incident radiation as I = Ipe *,
where t is path length and p (ecm™ 1) is the attenuation coefficient.

The experiment was carried out in two phases. In first phase, pure
buffalo milk sample was taken and known amount of adulterants were
added to imitate the synthetic milk composition. Pure milk sample was
distributed into six groups in below mentioned manner (Table 1).

These prepared imitated milk samples were exposed to gamma
source (*¥Cs having present day activity 0.3477 pC) for 24 h, 48 h and
72 h stored at room temperature (25 + 2 °C) to study the effect of
gamma radiation on the storage stability of the samples. Attenuation co-
efficient of the same was also determined using the same source.

In the second phase of the experiment, collected market milk samples
were exposed to radiation from '*’Cs followed by determination of
attenuation co-efficient and effect of gamma radiation on the milk
samples. Results obtained from both the phases were compared to un-
derstand the role of gamma radiation in the detection of adulterants in
milk sample.

During the storage of the treated prepared imitated milk samples and
the market milk samples at room temperature, upon spoilage, the

Table 1
Preparation of imitated sample compositions.

Samples Type of Preparation of mixture Total volume
adulterants of the final
added mixture

sample taken

sample + Vegetable oil, 20 ml of luke warm water 40 ml

Vegetable oil+  water and urea  was added to 20 ml pure

1 gm urea milk. 1 ml vegetable oil
and 1 g urea were added
to the mixture

sample + Vegetable oil, 20 ml of luke warm water

Vegetable oil water and urea  was added to 20 ml pure
+0.5 gm urea milk. 1 ml vegetable oil

and 0.5 g urea were
added to the mixture

sample+ 1 gm Urea and 20 ml of luke warm water
urea water was added to 20 ml pure
milk. 1 g urea was added
to the mixture
sample+0.5 g Urea and 20 ml of luke warm water
urea water was added to 20 ml pure
milk. 0.5 g urea was
added to the mixture
sample + gluten Gluten and 20 ml of luke warm water

water was added to 20 ml pure
milk. 1 g gluten was
added to the mixture
sample - _
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Fig. 1. Milk sample prepared using known amount of adulterants (Urea, Gluten, vegetable oil and water were added to the fresh buffalo milk, collected from village
to imitate the composition of adulterated or commercial milk samples for further analysis).

samples were given heat treatment (at 100 °C using hot plate for 2 min)
to observe the structure variance of heat-induced curdled milk (mass
particles) due to protein coagulation. Pattern variance of obtained
coagulated milk protein (heat-induced curdled milk) due to influence of
adulterants and radiation treatment on parent milk samples were also
studied (Fig. 1).

2.1. Statistical analysis

The data obtained from fat and protein analysis of the milk samples
(evaluated in triplicates) were subjected to analysis of variance using MS
Office Excel (2016) where the estimated data were presented as means
+ standard error. Assessment of the statistical significance was carried
out by using one-way analysis of variance (ANOVA) followed by Tukey
HSD Test (p < 0.05).

3. Results and discussions

The present study disclosed the correlation between attenuation
coefficient and composition of different milk samples. Milk with greater
density showed larger value of attenuation coefficient and vice versa.
Fresh milk, collected from village, attenuated more gamma radiation in
comparison to adulterated milk samples, prepared in laboratory.
Decrease in the value of mass attenuation coefficient of the adulterated
milk samples indicates higher photon interaction probability at lower
energy [35]. Based upon the obtained data of the immitated milk sam-
ples (prepared in lab), attenuation coefficient of pure milk sample was
the highest (Table 2). The linear attenuation coefficient of pure milk
sample was 0.379 and mass attenuation of the same was 0.360. In case of
imitated milk samples, sample containing gluten showed lesser attenu-
ation coefficient than the pure milk sample. The attenuation coefficient
value decreased with the increasing concentration of added urea in the
milk sample. Upon adding vegetable oil along with urea in the milk
sample, attenuation coefficient decreased even more. Sample containing
fat and 1 g urea showed least attenuation co-efficient value (Fig. 2)
which was 0.188. Decrease in the attenuation property of the adulter-
ated milk samples might be responsible for decreasing viscosity due to
presence of adulterants like urea. According to a study by Ref. [36];
though urea enhances the stability, it also decreases the viscosity of
solution (see Fig. 3) (see Table 3).

Followed by the determination of attenuation property, the milk
samples were exposed to gamma source (137Cs) for 24 h and stored at
room temperature (25 + 2 °C) in plastic containers. The lids of con-
tainers were left open. Present counts in the irradiated samples were
estimated by the interval of 24 h. According to the estimated data, all the
sample showed zero radiation count on third day. Spoilage of milk oc-
curs due to excess growth of microorganism resulting in production of
lactic acid. Increasing acidity of milk leads to coagulation of milk pro-
tein, forming soft lumps. Upon heating milk protein becomes over
saturated and gain visible curdling. Hence, upon obtaining zero radia-
tion count of the exposed samples, they were boiled to check whether
the samples got spoiled or still retaining required consumable quality.
Exposed pure sample and sample with gluten exhibited bit sour smell
with visible protein coagulation on the third day. Rest exposed samples
containing urea and vegetable oil showed sour smell indicating spoilage
on seventh day. Besides determination of storage stability, effect of ra-
diation on milk protein coagulation were also noted. Upon boiling of the
samples, irradiated pure sample showed larger sized solid particle/
curdled mass in comparison with that of gluten containing irradiated
sample.

Irradiated urea and fat containing samples showed smaller size of
solid particles/curdled mass with granular texture. Increase in the
concentration of urea in milk sample resulted in visible effect on coag-
ulated particles in sample. Irradiated milk sample containing 0.5 g urea
showed smaller grains of coagulated milk protein (curdled mass).
Moreover, irradiated milk sample containing 1 g urea showed fine
granular texture of coagulated milk protein. The observed analysis
depicted inversely proportional relation of coagulated milk protein
texture with the concentration of added adulterant like urea. Non-
irradiated pure sample and gluten containing sample showed spoilage
on third day.

Upon heating larger sized lumps of coagulated milk protein was
observed in case of spoiled non-radiated pure milk. Curdled lump ob-
tained from non-irradiated gluten containing sample was smaller than
the unadulterated milk. Non-irradiated urea and fat containing samples
showed spoilage on sixth day. The obtained observation depicted that
the implication of gamma radiation to the milk sample might cause
obstacle to the excessive growth of lactic acid producing bacteria,
resulting in balance of pH of milk samples and their storage stability.
Spoiled urea containing samples showed smaller grains of coagulated
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Table 2

Attenuation co-efficient of prepared milk samples containing different adulterants.
Samples Nb (Background radiation Nc (Radiation Height of milk samples Density  Linear Mass

count) count) (cm) attenuation attenuation
sample -+ Vegetable oil + 1 gm urea 31 122 + 0.03% 2.5 1 0.188 + 0.32¢ 0.188 + 0.31¢
sample + Vegetable oil + 0.5 gm 119 + 0.15° 2.5 1 0.201 + 0.18° 0.201 + 0.05¢
urea

sample+ 1 gm urea 105 + 0.22¢ 2.5 1.026 0.279 + 0.05°¢ 0.272 + 0.01%¢
sample+0.5 g urea 101 + 1.05¢ 2.5 1.026 0.302 + 0.01° 0.294 + 0.12"
Sample + gluten 102 + 0.01¢ 2.5 1.026 0.296 + 0.022° 0.288 + 1.08¢
sample (pure) 90 + 0.14%¢ 2.5 1.053 0.379 + 0.04* 0.360 =+ 0.09%

Note: Data presented are radiation counts in the exposed imitated milk samples. significantly different, p < 0.05 (Statistical analysis has been done row wise).

Table 3
Observed radiation counts in gamma irradiated milk samples.
24h 48 h 72h

sample + Vegetable oil + 1 gm urea 5+ 0.01¢ 3+0.51% 0
sample + Vegetable oil +0.5 gm urea 7 + 1.66° 2+ 0.45° 0
sample+ 1 gm urea 2 +0.25¢ 1+0.11°¢ 0
sample+0.5 g urea 7 +0.16%° 0 0
sample + gluten 9+0.5° 2+ 0.19 0
sample 9+ 0.36% 2+ 0.41% 0

Note: Data presented are radiation counts in the exposed imitated milk samples.
significantly different, p < 0.05 (Statistical analysis has been done row wise).
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Fig. 2. Graphical representation of obtained attenuation co-efficient of
imitated milk samples.
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vegetable oil+1g water vegetable 0il+0.5g Urea+water Urea+water
Urea+water Urea+water

milk protein in comparison with that of unadulterated milk sample.
Presence of fat in the milk also led to smaller grains of curdling. In
comparison between irradiated and non-irradiated samples, size of
curdled mass of coagulated milk protein obtained from radiated samples
was smaller than that of non-irradiated samples. Smaller the size of
curdled mass, more binding property was observed. A study by Ref. [37]
showed enhanced binding property of starch with increased granulation.

Fat and protein percentages of the samples were also evaluated.
Based upon the estimated data of the unadulterated milk and imitated
milk samples, fat percentage (4.45%) was found highest in the sample
containing fat and 1 g urea. Although among fat containing samples
amount of added fat was same, due to presence of more urea, sample
containing fat and 1 g urea might show more fat percentage (Figs. 4, 5
and 6). According to previous studies, it had been established that
presence of urea in milk increase amount of solid-not fat (SNF) [3]. In
case protein estimation, sample containing urea showed higher amount
of protein percentages. Sample with only 1 g urea showed highest pro-
tein (3.91%). The samples with Vegetable oil +0.5 g urea and sample
with 0.5 g urea showed 3.88% protein (Table 4 and 5).

After the characterization of different milk samples and their protein
coagulation patterns, the attenuation property of the samples were
evaluated. Obtained data of attenuation coefficient of the imitated milk
samples disclosed a range of reference values indicating certain con-
centration of urea, vegetable oil, gluten and water present in milk.
Further use of gamma radiation to check adulteration in commercial
milk samples using these obtained reference values can be helpful to
understand the added concentration of urea, vegetable oil, gluten in the
tested sample in a cost effective way.

In the next phase of experimental design, each of 40 ml of procured
commercial milk samples were taken for the analysis. Milk brand 3
showed highest attenuation coefficient and milk brand 2 showed least
attenuation coefficient. The obtained attenuation co-efficient of market
samples were similar to that of imitated milk samples containing urea,
gluten, vegetable oil and water. Attenuation coefficient of milk brand 2
(0.2769) was approximately similar to that of imitated milk sample
containing 1 g urea (0.2787). Attenuation coefficient of milk brand 1
was approximately similar to that of imitated milk sample containing

Fig. 3. Curdled mass/particle obtained from different composition of milk sample (not radiated) on boiling (Effect of the heat treatment to different milk protein

coagulation patterns was observed).
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Sample+0.5g
Urea+water-IR

Sample+1g
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Sample+

Fig. 4. Curdled mass/particle obtained from different composition of radiated milk sample on boiling (Effect of the heat treatment along with the gamma radiation

exposure to different milk protein coagulation patterns was observed).
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Fig. 5. Graphical representation of fat (%) present in imitated milk samples.

Protein (%)
w

N

-

sample+fat+ 0.5 sample+fat+1 gm
gm urea urea urea

sample+ 0.5gm

4 I I I i
0 I I

sample+1g urea sample+gluten sample

Milk samples

Fig. 6. Graphical presentation of protein (%) present in imitated milk samples (where the protein value was determined based upon nitrogen content).

0.5 g urea. As attenuation coefficient depicts transparency of a material
[34], from the obtained data it can be disclosed that the transparency of
milk brand 2 and the imitated milk containing 1 g urea is approximately
similar. Same disclosure can be made in case of milk brand 1 and milk
sample containing 0.5 g urea. Similarity between the imitated and
market samples can indicate the potent use gamma radiation to detect
adulterants (Table 6 and 7).

According to the obtained analytical data, Milk brand 1 and 3
showed similar fat content that is 1.5%. Milk brand 2 possessed 0.5% fat.
Protein content was found higher in milk brand-1 (3.4%). The lowest
protein was obtained in milk brand-3 (3.2%) (Figs. 7, 8 and 9).

Upon 24 h of exposure to gamma source, the commercial milk
samples were stored maintaining the same condition that is at room
temperature (22 °C) and the lids of the container were left open. Milk
brand 2 showed zero count after 48 h. Rest samples showed zero count
after 72 h. Irradiated commercial milk samples did not show any sour
smell or spoilage until fourth day, although the samples showed zero
count after 72 h. Samples with radiation exhibited mild foul smell and
showed lesser precipitation after boiling on fifth day of storage. Milk
brand 2 showed smallest grainy particles of coagulated proteins among
other two samples. Milk brand 3 showed the largest coagulated lumps.
Non-irradiated all the commercial milk samples exhibit sour smell on
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Table 4
Fat and protein percentages of adulterated milk samples.
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SAMPLES Fat (%) Protein (%)
sample + Vegetable oil + 0.5 gm urea 4.38 + 0.02° 3.88 £ 0.16°
sample + Vegetable oil +1 gm urea 4.45 + 0.09% 3.9 + 0.08°
sample+ 0.5 gm urea 4.19 + 0.25¢ 3.88 + 0.33%
sample+1 g urea 4.25 + 0.19° 3.91 + 1.02°
sample + gluten 3.83 £0.11°¢ 3.23 +0.01¢
sample 3.81 + 0.014¢ 3.19 + 0.05¢

Note: Data presented are nutrient compositions of the milk samples. significantly different, p < 0.05 (Statistical analysis has been done row wise).

Table 5
Attenuation coefficient of market milk samples.

Nb (Background radiation count) Nc (Radiation count) Height of milk samples (cm) Density Linear attenuation Mass attenuation
Milk brand 1 33 109 + 1.51° 2.5 0.8 0.313 + 0.08" 0.391 + 0.18"
Milk brand 2 121 + 0.29% 0.833 0.277 + 0.12°¢ 0.332 + 0.04¢
Milk brand 3 105 + 0.14¢ 0.851064 0.351 £ 0.01* 0.413 £ 0.90%

Note: Data presented are radiation counts in the exposed market milk samples. significantly different, p < 0.05 (Statistical analysis has been done row wise).

fourth day indicating initiation of protein coagulation due to low pH. For
more proper visualization of protein coagulation, samples were heated
and visible grainy particles of coagulated milk protein were observed.
After exhibition of sour smell upon boiling of the commercial milks,
irradiated samples and non-irradiated samples showed the same pattern
of visible coagulated proteins. Irradiated samples showed smaller
granular texture of coagulated proteins than the coagulated lumps ob-
tained from non-irradiated milk samples.

Besides the study of nutrients available and effect of gamma radia-
tion on milk samples, fat separation pattern of the imitated sample
during storage was also observed. Fat separation of milk samples
showed inversely proportional relation with concentration of added
adulterants in the sample. Pure milk showed more fat separation in
comparison with imitated milk and commercial milk samples. Milk
sample containing urea, vegetable oil and water showed lesser or no fat
separation. Market milk samples showed negligible fat separation. Ac-
cording to previous studies in case of market milk, natural fat present in
milk is extracted and replace them with vegetable oil to compensate
profit [1].

Estimated data obtained from the comparative study of the interac-
tion between gamma radiation and different milk samples viz., pure
(unadulterated) milk, imitated (adulterated) milk, commercial milk,
disclosed that gamma radiation can be utilized as potent detector of
adulterants present in milk sample in cost-effective way. By studying the
pattern of attenuation coefficient of different milk samples, added ele-
ments in sample can be predicted. Size of obtained curdled lumps of
coagulated milk proteins also depicts the degree of concentration of
added adulterants in milk samples in inversely proportional manner.
According to the obtained data, granular the texture of coagulated
proteins, higher concentration of adulterants might be present in the
milk. Moreover, the nature of the texture of the curdled coagulated
proteins obtained from the milk samples can depict the binding property
the obtained curdled mass which are used to formulate dairy products
like paneer. The curdled mass is obtained due to excess growth of
lactobacillus in milk and generation of lactic acid in milk resulting in low
pH (acidic media). Due to low pH, milk protein starts to coagulate. Upon

boiling, in the presence of heat and acidic environment, the protein gets
oversaturate and results in visual grainy or lumpy texture of coagulated
milk proteins. Imitation of the same environment is carried out using
citric acid or lemon juice in paneer preparation. Generation of low pH
and heating results in curdled mass from which paneer is made. In case
of smaller size of granular curdled particles/crystals (coagulated milk
proteins) observed in market milk sample, blending of the obtained mass
gave smooth and consistent structure leading to proper shaped paneer.
This paneer did not break easily upon cooking and gave rubber like
texture. Previous study on other macronutrient like starch showed
enhanced binding property on increased granulation [37]. Alterna-
tively, large sized lumps of curdled mass obtained from fresh milk did
not give smooth blend. Paneer prepared from unadulterated fresh milk,
easily de-structured on cooking which is an appropriate characteristic to
differentiate composition of milk based on purity.

4. Conclusions

Milk samples are adulterated for commercial purpose and econom-
ical profit as these milk samples possess longer shelf life. Due to
expensive and time consuming methods, milk adulteration detection
sometimes become challenging. Therefore, the present study disclosed
the determination of radiation attenuation property of milk using
gamma sources indicating rapid detection of adulterants. Lower atten-
uation property was observed in case of adulterated milk samples (0.188
=+ 0.32 for milk sample containing vegetable oil and urea), whereas the
fresh unadulterated milk (0.379 + 0.04) attenuated the higher amount
of radiation due its high viscosity. The linear attenuation of the market
samples was recorded in the range of 0.277-0.351, which is lower than
the attenuation of the fresh milk sample. Present study also demon-
strated that during the analysis of coagulated milk protein structure,
obtained from curdled milk samples, adulterated samples showed
granular particles and fresh one showed larger curdled mass. Dairy
products like paneer made from adulterated milk, exerts firm structure
due to the granular particles. The observed structural changes in the
coagulated milk protein obtained from the fresh unadulterated as well as

Table 6 Table 7

Fat and protein present in market milk samples. Obtained counts in market milk samples.
Place Samples Total Fat (%) Protein (%) 24h 48 h 72h
Churu dairy Milk brand 1 1.5 + 0.02% 3.4 +0.11° Milk brand 1 3+ 0.02° 1+ 0.09° 0
Gurugram Milk brand 2 0.5 £ 0.30 3.3 £ 1.05" Milk brand 2 1+0.11° 0 0
Rajasthan Milk brand 3 1.5 + 0.01%® 3.2 + 0.99¢ Milk brand 3 5+ 0.01% 2 +1.05% 0

Note: Data presented are nutrient compositions of the milk samples. significantly
different, p < 0.05 (Statistical analysis has been done row wise).

Note: Data presented are radiation counts in the exposed market milk samples.
significantly different, p < 0.05 (Statistical analysis has been done row wise).
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Fig. 7. Graphical representation of attenuation coefficient of market milk samples.
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Fig. 8. Curdled mass obtained from market milk samples (Effects of heat treatment and gamma radiation on milk protein coagulation pattern were observed in case

of market milk samples).

the commercial and adulterated milk samples in the present study
indicated the reason behind the increased malpractice of synthetic milk
production. The obtained correlation between attenuation property and
different milk protein coagulation patterns in the present study indi-
cated use of cost effective gamma radiation based rapid detection
method for adulterants in milk, beneficial to the society.
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