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Abstract  Article Info 

Food adulteration is a widespread public health concern in developing regions, particularly in 

rural areas where regulatory surveillance is often limited. The present analytical cross-sectional 

study was conducted to assess adulteration in milk and milk products collected from rural 

markets of Buldhana District, Maharashtra. A total of thirty-four samples, including fourteen 

milk samples and twenty milk product samples (paneer, butter, and curd), were collected from 

different retail outlets and tested using standard qualitative chemical methods based on FSSAI 

guidelines. Results revealed that all fourteen milk samples (100%) were adulterated with added 

water. Among these, six samples (42.86%) also contained additional adulterants, including sugar 

(100%), starch (50%), formalin (33.33%), and urea and detergent (16.66% each), indicating 

multiple adulteration practices. Out of twenty milk product samples, thirteen (65%) were 

adulterated. Among paneer samples, six out of ten (60%) contained starch, four of five butter 

samples (80%) contained starch and vegetable oil, while three of five curd samples (60%) 

showed the presence of sugar, starch, and formalin. These findings clearly demonstrate a high 

prevalence of adulteration in milk and milk products in rural Buldhana, reflecting deliberate and 

economically motivated practices that pose significant health risks to consumers. The study 

emphasizes the urgent need for routine surveillance, strict enforcement of food safety 

regulations, and increased public awareness to ensure safe and genuine food consumption in 

rural communities. 
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Introduction 

 

Food plays a fundamental role in human life and is 

closely linked with lifestyle, health, and overall well-

being. It is broadly defined as any substance containing 

carbohydrates, proteins, fats, and water that can be 

consumed by humans and animals to meet nutritional 

requirements (Choudhary et al., 2020). Adequate and 

balanced food intake is essential for growth, tissue 

maintenance, energy production, and the proper 

functioning of physiological systems. The consumption 

of nutritionally rich and safe food is therefore critical for 

maintaining good health, normal development, and 

disease prevention (Goyal et al., 2022; Tomar & Alka, 

2022). The popular saying “health is wealth” highlights 

the importance of safeguarding health through proper 

dietary practices. While food quantity is important to 

meet caloric needs, food quality plays a more decisive 

role in sustaining long-term health and preventing 

nutritional deficiencies and chronic illnesses (Koul et al., 

2020). Unfortunately, the nutritional integrity and safety 

of food are increasingly compromised by adulteration 

practices, which significantly reduce food quality and 

consumer trust (Choudhary et al., 2020; Rath, 2022). 
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Food adulteration has emerged as a global form of food 

fraud that poses serious threats to food safety and public 

health (Meghwal et al., 2022). It involves the intentional 

degradation of food quality by adding inferior 

substances, substituting genuine ingredients with cheaper 

alternatives, or removing valuable components from 

essential food products (Bansal et al., 2017). Such 

unethical practices are primarily driven by financial 

motives and represent a reckless approach to profit 

generation, often at the expense of human health and 

safety (Ghosh et al., 2022). This deliberate manipulation 

of food for economic gain is referred to as economically 

motivated adulteration (EMA) and is recognized not only 

as an economic offense but also as a serious public 

health concern (Everstine et al., 2013; Spink & Moyer, 

2011). A wide range of commonly consumed food 

commodities are susceptible to adulteration, including 

milk and dairy products, cereals, edible oils, honey, 

fruits, vegetables, beverages, and spices (Dwivedi, 2022; 

Essuman et al., 2022; Ghosh et al., 2022; Nagvanshi, 

2015; Tomar & Alka, 2022). Due to the extensive nature 

of these practices, it has become increasingly difficult to 

find food items that are completely free from adulterants. 

Reports indicate that nearly half of the food consumed on 

a daily basis may be adulterated to some extent (Koul et 

al., 2020), while other studies estimate that 

approximately 22% of food products are adulterated 

annually (Chachan et al., 2021; Thangaraju et al., 2021). 

Food adulteration is particularly prevalent in developing 

countries, where limited regulatory oversight, lack of 

consumer awareness, and inadequate enforcement of 

food safety laws exacerbate the problem. In rural 

regions, adulteration often goes undetected, increasing 

the risk of chronic exposure to harmful substances and 

associated health complications. Therefore, systematic 

detection and monitoring of food adulterants are essential 

to ensure food safety, protect public health, and 

strengthen consumer confidence in the food supply 

system. 

 

Given the widespread nature of food adulteration and its 

profound implications for public health, there is an 

urgent need to generate region-specific evidence to 

understand the extent of this problem. Rural areas often 

experience weaker regulatory monitoring, limited 

awareness, and dependence on local vendors, which 

increases vulnerability to consumption of adulterated 

foods. Milk, dairy products, and edible oils are among 

the most frequently adulterated commodities and form an 

essential part of daily diets, making their safety 

particularly critical for households, children, and 

vulnerable populations. Despite this, limited systematic 

work has been carried out to assess adulteration trends in 

rural regions such as Buldhana District, Maharashtra. 

Therefore, this study holds significant relevance as it 

focuses on the detection and assessment of adulterants in 

milk, dairy products specifically from rural markets of 

Buldhana. The findings will not only provide scientific 

evidence on the prevalence of adulteration but also help 

highlight potential health risks associated with their 

consumption. Moreover, the outcome of this research can 

support policymakers, public health authorities, and food 

safety regulators in strengthening surveillance, designing 

awareness programs, and implementing appropriate 

control strategies to safeguard consumer health. 

Ultimately, this study aims to contribute towards 

ensuring access to safe, authentic, and good-quality food, 

thereby enhancing public health protection and consumer 

confidence in rural communities. 

 

Materials and Methods 

 

Study Area and Design 

 

The present analytical cross-sectional study was 

conducted to assess adulteration in milk and milk 

products collected from rural regions of Buldhana 

District, Maharashtra. Samples were procured from five 

rural market locations: Malkapur, Chikhli, Jalgaon 

Jamod, Sangrampur, and Motala, representing commonly 

accessed village and semi-rural consumer points. The 

study followed scientifically established approaches used 

in previous food adulteration research. 

 

Sample Size, Collection, and Transportation 

 

A total of 34 food samples were collected, including 

fourteen liquid milk samples, twenty samples of milk 

products (paneer, curd, butter). Samples were collected 

randomly from local retail shops and vendors. Milk and 

dairy products were collected in sterilized airtight glass 

containers. Each sample was properly labeled with 

sample identification code, source location, date, and 

time of collection. Milk and milk product samples were 

transported to the laboratory in insulated ice boxes 

maintaining 4–8°C to prevent spoilage. All samples were 

analyzed within 24–48 hours of collection to preserve 

integrity. 

 

Laboratory Testing and Analytical Procedure 

 

All samples were tested using standard qualitative 

chemical spot tests, following Food Safety and Standards 

Authority of India (FSSAI)–based detection principles 
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and scientifically validated methods described in 

previous authenticated studies. All tests were performed 

in triplicate to ensure reproducibility and reliability of 

results. 

 

Testing of Milk Samples 

 

Milk samples were subjected to systematic qualitative 

laboratory testing for common adulterants including 

water, starch, urea, detergent, formalin, neutralizers, and 

sugar. Testing procedures followed Food Safety and 

Standards Authority of India (FSSAI)–based protocols 

and previously documented validated procedures 

reported in scientific literature. 

 

Detection of Added Water (Lactometer Test) 

 

Milk samples were transferred into a measuring cylinder, 

and a calibrated lactometer was gently immersed. The 

reading was noted at room temperature. A value 

significantly below the standard range indicated dilution 

with water, as described previously in rural milk 

adulteration studies.  

 

Detection of Starch Adulteration 

 

Approximately 2 mL of milk was diluted in 10 mL 

distilled water and heated gently to near boiling. After 

cooling, 2–3 drops of iodine solution were added. 

Development of blue coloration confirmed the presence 

of starch.  

 

Detection of Urea 

 

Two milliliters of milk were mixed with an equal volume 

of urea reagent. The mixture was shaken and observed. 

Appearance of yellow coloration indicated urea 

adulteration. Urea is commonly added to falsely elevate 

solid-not-fat content and is reported as a harmful milk 

adulterant. 

 

Detection of Detergent 

 

Five to ten milliliters of milk were mixed with an equal 

volume of water and shaken vigorously. Persistent 

foaming and froth formation was interpreted as presence 

of detergent.  

 

Detection of Formalin  

 

One milliliter of milk was carefully layered over 1 mL of 

concentrated sulfuric acid. Formation of a violet or blue 

ring at the interface confirmed the presence of formalin, 

which is sometimes added as a preservative but is highly 

toxic. 

 

Detection of Neutralizers (Sodium carbonate / 

bicarbonate) 

 

Two milliliters of milk were mixed with 1 mL of alcohol 

and 2 drops of rosalic acid solution. Pink coloration 

indicated neutralizer adulteration, which is used to mask 

acidity in spoiled milk. 

 

Detection of Added Sugar 

 

Five milliliters of milk was mixed with Benedict’s 

solution and heated. Brick-red precipitate confirmed the 

presence of added sugar. 

 

Milk adulteration testing used in this study is 

scientifically aligned with principles described in 

validated milk adulteration assessments and supported by 

literature emphasizing milk adulteration and its testing 

significance. 

 

Testing of Milk Products 

 

Milk products including paneer, curd, and butter were 

tested for adulterants as per scientifically validated 

qualitative methods that are widely applied in previous 

milk adulteration research. 

 

Paneer – Detection of Starch 

 

Paneer samples were finely crushed. Two grams of 

sample were mixed with 10 mL distilled water, heated, 

and cooled. Two drops of iodine solution were added.  

 

Blue coloration indicated starch addition, usually done to 

increase thickness and yield.  

 

Butter – Detection of Starch 

 

Approximately 5 mL of ghee/butter was taken in a test 

tube, and a few drops of iodine solution were added. 

Blue coloration suggested adulteration with starch or 

mashed potatoes.  

 

Curd – Detection of Vegetable Oil 

 

A teaspoon of curd was placed in a test tube, and 8–10 

drops of concentrated hydrochloric acid were added. The 

mixture was shaken gently and observed after 5 minutes. 
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Red coloration indicated presence of vegetable oil 

adulteration.  

 

Quality Control Measures 

 

All reagents used were of analytical grade, and sterilized 

glassware was employed throughout testing to avoid 

contamination. Blank controls were run for comparison 

wherever required. Each sample was analyzed in 

triplicate, and only consistent observations were 

considered valid. Ethical considerations were followed, 

as the study involved only food samples without any 

human subjects. 

 

Data Recording and Interpretation 

 

Observed reactions were recorded systematically, and 

adulteration status was interpreted based on visible 

qualitative responses obtained during testing, as 

recommended in validated procedures. Results were 

expressed in terms of adulterant presence or absence and 

later converted into percentage occurrence during 

statistical interpretation. 

 

Results and Discussion 

 

Adulteration Status of Milk Samples 

 

A total of fourteen milk samples collected from rural 

shops of Buldhana district were analyzed for 

adulteration. The results revealed that all fourteen 

samples (100%) were adulterated with added water, 

indicating universal dilution of milk in the study area 

(table 1 and figure 1). In addition to water dilution, six 

samples (42.86%) were found to be adulterated with one 

or more chemical adulterants, whereas eight samples 

(57.14%) were adulterated only with water and did not 

show the presence of any other adulterant. These 

findings reflect widespread malpractice of milk dilution 

along with additional intentional adulteration in a 

considerable proportion of samples. 

 

Multiple Adulterants in Chemically Adulterated Milk 

Samples 

 

Detailed analysis of the six chemically adulterated milk 

samples demonstrated the presence of multiple 

adulterants simultaneously. Sugar was detected in all six 

samples (100%), suggesting its frequent use to mask 

taste changes and compensate for dilution (table 2). 

Starch was detected in three samples (50%), indicating 

attempts to artificially increase thickness and solids-not-

fat content. Formalin was detected in two samples 

(33.33%), which may have been added to increase shelf 

life. Urea and detergent were each detected in one 

sample (16.66% each), representing highly hazardous 

adulterants. 

 

Adulteration Status of Milk Products 

 

A total of twenty milk product samples comprising 

paneer (n = 10), butter (n = 5), and curd (n = 5) collected 

from rural shops of Buldhana district were analyzed. Out 

of these, thirteen samples (65%) were found adulterated. 

Among the ten paneer samples examined, six samples 

(60%) showed the presence of starch, indicating 

deliberate addition to increase firmness and yield (table 

3). Out of five butter samples, four samples (80%) were 

adulterated with starch and vegetable oil, suggesting 

substitution of genuine milk fat with cheaper fat sources. 

In the case of curd, three out of five samples (60%) were 

adulterated, and these contained sugar, starch, and 

formalin, showing intentional manipulation of sweetness, 

consistency, and shelf life. These results indicate that 

adulteration is highly prevalent in commonly consumed 

milk products, and multiple adulterants were detected in 

several samples. 

 

Distribution of specific adulterants in milk products 

 

Paneer adulteration was mainly due to starch addition. 

Butter samples showed adulteration due to starch and 

vegetable oil, while curd samples exhibited multiple 

adulterants including sugar, starch, and formalin (table 

4). This pattern suggests intentional and economically 

driven adulteration practices. 

 

The present study revealed an alarming situation of milk 

adulteration in rural areas of Buldhana district, as all 

milk samples analyzed were adulterated with added 

water. Water dilution is widely documented as the most 

common adulteration practice, generally carried out for 

financial gain to increase milk volume and profit 

margins. Similar observations were reported in national 

and international studies, where dilution with water was 

identified as the predominant form of adulteration in 

milk (Makadiya et al., 2016; Azad & Ahmed, 2016). 

Such dilution not only reduces the nutritional value of 

milk but may also introduce microbial hazards if 

contaminated water is used, posing serious risks 

particularly to infants and children (Makadiya et al., 

2016). 
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Figure.1 Adulteration Profile of Milk Samples (n = 14) 
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Figure.2 Adulterants testing of milk and milk products showing positive results. 

 

 
 

Table.1 Overall Adulteration Profile of Milk Samples (n = 14) 

 

Parameter No. of Samples Percentage (%) 

Total milk samples examined 14 100 

Samples adulterated with water 14 100 

Samples adulterated with additional adulterants 6 42.86 

Samples adulterated only with water 8 57.14 
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Table.2 Distribution of Different Adulterants among the Six Chemically Adulterated Milk Samples (n = 6) 

 

Adulterant Detected No. of Positive Samples Percentage (%) 

Sugar 6 100 

Starch 3 50 

Formalin 2 33.33 

Urea 1 16.66 

Detergent 1 16.66 

 

Table.3 Overall adulteration profile of milk products (n = 20) 

 

Milk product Total samples Adulterated samples Percentage (%) 

Paneer 10 6 60 

Butter 5 4 80 

Curd 5 3 60 

Total 20 13 65 

 

Table.4 Distribution of detected adulterants in milk product samples 

 

Product type Detected adulterant(s) No. of positive samples Percentage (%) 

Paneer (n=10) Starch 6 60 

Butter (n=5) Starch + Vegetable oil 4 80 

Curd (n=5) Sugar + Starch + Formalin 3 60 

 

In addition to dilution, 42.86% of milk samples in this 

study were adulterated with one or more hazardous 

chemicals. The detection of sugar in all chemically 

adulterated samples indicates its intentional use to 

improve taste and compensate for dilution. Starch was 

detected in 50% of adulterated samples, reflecting 

attempts to artificially increase the solids-not-fat content 

and thickness of milk, a practice also reported by Swathi 

& Kauser (2015), who documented use of starch in milk 

supplied by local vendors. Excessive intake of starch has 

been associated with digestive disturbances and may be 

particularly dangerous for diabetic consumers (Makadiya 

et al., 2016). 

 

The detection of formalin in one-third of chemically 

adulterated samples in the present study is a matter of 

serious concern. Formalin is often added to prolong shelf 

life in the absence of proper refrigeration; however, 

prolonged consumption has been linked to toxic effects 

on the liver, kidneys, respiratory system, and nervous 

system (Momtaz et al., 2023). Similarly, the presence of 

urea in milk, although often used to increase non-protein 

nitrogen content and falsely elevate lactometer readings, 

places an additional metabolic burden on kidneys and 

poses long-term health hazards (Azad & Ahmed, 2016). 

The presence of detergent in milk, as detected in one of 

the samples, is particularly alarming because detergents 

are added to emulsify fat and mimic the foamy 

appearance of pure milk, but their ingestion can lead to 

gastrointestinal irritation and intestinal inflammation 

(Makadiya et al., 2016). 

 

The coexistence of multiple adulterants within the same 

milk samples, as observed in this study, indicates 

deliberate and economically motivated adulteration 

rather than accidental contamination. Economically 

motivated adulteration of food, including milk, has been 

recognized globally and is considered not only a 

financial crime but also a major public health threat 

(Everstine et al., 2013; Spink & Moyer, 2011). 

Developing and less-regulated regions are especially 

vulnerable due to weak enforcement mechanisms, 

inadequate monitoring systems, and lack of consumer 

awareness (Hossain et al., 2008; Ayza & Belete, 2015). 

 

A high prevalence of adulteration was also observed in 

milk products, indicating that adulteration practices 

extend beyond liquid milk. In the present study, 60% of 

paneer samples contained starch, which is commonly 

added to increase bulk and improve firmness; similar 

findings have been reported previously where paneer 

adulteration with starch was documented as a frequent 
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malpractice in marketed dairy products (Solanki & 

Singh, 2022). Butter samples showed 80% adulteration 

with starch and vegetable oil, indicating substitution of 

natural milk fat with cheaper fat sources, which reflects 

economically motivated adulteration trends reported 

earlier in dairy product adulteration studies (Solanki & 

Singh, 2022). Likewise, 60% of curd samples in the 

present investigation were adulterated with sugar, starch, 

and formalin, suggesting deliberate manipulation of 

taste, consistency, and shelf life, consistent with 

literature highlighting the use of preservatives and 

thickening agents in fermented dairy products 

(Venkatesh & Kumar, 2016). Overall, these findings 

support previous reports that milk product adulteration is 

a significant food safety concern and may pose serious 

health risks to consumers due to the presence of multiple 

adulterants in the same product (Solanki & Singh, 2022; 

Venkatesh & Kumar, 2016). 

 

The present findings support earlier literature that milk 

adulteration remains a major food safety problem in 

developing countries, including India. The detection of 

hazardous adulterants such as formalin, urea, starch, 

sugar, and detergents highlights the urgent need for 

strengthening food safety enforcement, routine 

surveillance, vendor regulation, and community 

awareness regarding food adulteration and its health 

consequences (Azad & Ahmed, 2016; Haji et al., 2023). 

 

In conclusion, the findings of this study highlight a 

serious food safety concern in rural regions of Buldhana 

district, where all milk samples examined were 

adulterated with water and a substantial proportion 

additionally contained multiple hazardous adulterants 

such as sugar, starch, formalin, urea, and detergents. 

Similarly, a high level of adulteration was observed in 

milk products, including paneer, butter, and curd, many 

of which contained more than one adulterant. These 

results confirm that adulteration practices in rural 

markets are deliberate, economically motivated, and 

poorly regulated, thereby exposing consumers to 

significant health risks. The study underscores the urgent 

necessity for strengthening food safety monitoring 

systems, strict implementation of FSSAI standards, and 

regular inspection of dairy distribution chains. Equally 

important is enhancing public awareness regarding food 

adulteration and its associated health hazards. Overall, 

ensuring the availability of safe, authentic, and good-

quality milk and dairy products is essential for protecting 

public health and maintaining consumer confidence in 

rural communities. 
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