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Abstract- Food adulteration represents a critical public health crisis and a severe socioeconomic challenge within
the developing world [cite: 2]. In the populous Indian state of Uttar Pradesh (UP), the phenomenon of food fraud—
ranging from the dilution of high-value commodities to the synthetic fabrication of dairy products—reached
alarming proportions in the decades leading up to 2020 [cite: 1, 2]. This comprehensive research treatise provides
an exhaustive analysis of the food adulteration landscape in UP by seamlessly merging the analytical chemistry of
food fraud detection with rigorous epidemiological health data [cite: 2, 4]. By dissecting the precise molecular
interactions, orbital chromophore shifts, and toxicological pathways associated with synthetic adulterants like
Metanil Yellow, Melamine, Rhodamine B, and Sanguinarine, this document establishes a rigorous analytical
framework for understanding the detection, clinical pathology, and mitigation of food fraud [cite: 3, 5, 6].
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. INTRODUCTION: THE DEMOGRAPHIC spanning Western UP (Meerut, Agra) to Eastern UP
AND ECONOMIC CONTEXT OF UTTAR  (Varanasi, Gorakhpun) [cite: 1].

PRADESH II. THE DAIRY CRISIS: SYNTHETIC MILK

With a population exceeding 200 million, Uttar AND GHEE ADULTERATION

Pradesh represents India's most populous state and
one of its largest agricultural hubs. The sheer
magnitude of its consumer base creates an immense
demand for staple foods, particularly dairy (milk,
paneer, khoya), edible oils (mustard oil), and spices
[cite: 1]. Up to the year 2020, this massive supply-
demand gap, coupled with complex, fragmented
supply chains, provided lucrative opportunities for
organized food adulteration syndicates [cite: 1, 2].

The most notorious sector of food fraud in UP up to
2020 was the dairy industry. During peak festival
seasons (like Diwali), the demand for milk and milk-
derived sweets (mithai) exponentially outstripped
legitimate bovine production [cite: 1]. To bridge this
gap, syndicates manufactured 'synthetic milk'—not
merely diluted milk, but a complete biochemical
fabrication [cite: 4].

1. Urea and Detergents: Emulsions and Hepatic
Stress

Structure 1 (Urea) is added to artificially elevate the
non-protein nitrogen (NPN) content, fooling the
classic Kjeldahl and Dumas analytical methods for
protein estimation [cite: 1, 4]. Liquid surfactants (like
sodium lauryl sulfate) are added to emulsify cheap
vegetable oils and produce the characteristic
foaming (lather) of fresh milk [cite: 4].

Adulteration in UP transitioned from simple
economic dilution (e.g., adding water to milk) to
sophisticated chemical fraud designed to bypass
standard quality control parameters [cite: 4].
Adulterants are specifically chosen for their chemical
ability to mimic the physical properties (viscosity,
refractive index, nitrogen content) of authentic food
[cite: 2, 4]. The Food Safety and Standards Authority
of India (FSSAIl) reported high rates of non-
compliance in samples collected from regions

© 2022 Sachin Gihar This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly credited.




Sachin Gihar, International Journal of Science, Engineering and Technology,

2022, 10:3

Analytical Detection: The most robust field-test for
urea adulteration relies on its reaction with p-
Dimethylaminobenzaldehyde (DMAB, Structure 2). In
an acidic environment, the nucleophilic nitrogen of
urea attacks the electrophilic carbonyl carbon of
DMAB, forming a highly conjugated Schiff base
(Structure 3) [cite: 4]. The extended m-conjugation
shifts the absorption spectrum, producing a distinct,
intense yellow chromophore that is easily
quantifiable via UV-Vis spectrophotometry [cite: 4].
Clinical Pathology: Chronic ingestion of urea-laced
milk overwhelms the hepatic urea cycle and stresses
renal filtration, leading to pediatric gastroenteritis,
chronic indigestion, and long-term nephropathy
[cite: 2]. Furthermore, the ingestion of emulsifying
detergents strips the gastrointestinal mucosa,
causing chronic ulceration and malabsorption of
vital nutrients in children [cite: 2].
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Structure 1 Urea [cite: 1 4] Structure 2: DMAB [dite: 4] Structure 3: Schiff Base [cite: 4]

Figure 1: Detection of Urea. Urea (Structure 1)
reacts with DMAB (Structure 2) forming a yellow
Schiff base (Structure 3). Consumption severely

stresses the hepatic urea cycle [cite: 1, 4].

2. Melamine: Analytical Spoofing and Renal
Pathologies

Structure 4 (Melamine) is an aromatic triazine ring
heavily substituted with amine groups (66% nitrogen
by mass). When added to milk, it drastically spikes
the apparent protein reading [cite: 5].

Clinical Pathology: Toxicologically, melamine rapidly
co-precipitates with cyanuric acid (@ common
impurity or gut-microbiome metabolite) within the
renal tubules [cite: 5]. This forms insoluble,
hydrogen-bonded macro-crystals that physically
obstruct nephrons, causing acute kidney injury (AKI),
renal calculi (kidney stones), and hematuria [cite: 5].
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Structure 4: Melamine [cite: 5]

Figure 2: Structure 4 - Melamine. Artificially inflates
Kjeldahl nitrogen readings; precipitates in renal
tubules causing acute kidney injury [cite: 5].

3. Trans-Fats (Vanaspati) in Ghee

Pure butterfat (Ghee) is frequently adulterated with
Vanaspati (hydrogenated vegetable oils). Vanaspati
is rich in trans-fatty acids, particularly elaidic acid
(Structure 5) [cite: 2]. Unlike naturally occurring cis-
fats, the linear geometry of trans-fats allows them to
pack densely, mimicking the semi-solid texture of
ghee at room temperature [cite: 2].

Clinical Pathology: Trans-fats simultaneously elevate
low-density lipoprotein (LDL) cholesterol while
depressing  high-density  lipoprotein ~ (HDL)
cholesterol, accelerating arterial plaque deposition
and atherosclerosis [cite: 2]. Epidemiological data
indicates a marked increase in early-onset coronary
artery disease directly correlated with the
consumption of adulterated cooking mediums [cite:
2].

Structure 5: Elaidic Acid (Trans-Fat) [cite: 2]

Figure 3: Structure 5 - Elaidic Acid. High in
Vanaspati, used to adulterate Ghee, leading to
accelerated atherosclerosis [cite: 2].

4. Formalin as a Preservative
To increase the shelf life of synthetic milk in high-
temperature environments, Formalin (@ 37%
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aqueous solution of formaldehyde, Structure 6) is
illicitly added [cite: 1, 4]. Formaldehyde is a highly
electrophilic molecule that cross-links proteins and
nucleic acids. Ingestion leads to severe mucosal
ulceration and is classified as a Group 1 carcinogen
[cite: 2].

O

Structure 6: Formaldehyde (Formalin) [cite: 1]

Figure 4: Structure 6 - Formaldehyde. lllegally
added to milk as a preservative; a severe mucosal
ulcerant and carcinogen [cite: 1, 2].

I1l. ADULTERATION OF SPICES AND
PRODUCE: AZO DYES AND TOXINS

Uttar Pradesh is a major consumer of spices
(turmeric, chili powder) and pulses (dal). Adulterators
exploit the demand for vibrant colors by exhausting
low-quality spices and recoloring them with cheap,
highly toxic industrial dyes [cite: 2].

1. Metanil Yellow in Turmeric and Dal

Structure 7 (Metanil Yellow) is a synthetic azo dye
illicitly used to impart a bright yellow color to dull
turmeric powder and polished arhar dal [cite: 6].
Chemically, it acts as an acid-base indicator. When
exposed to concentrated hydrochloric acid (HCI), the
protonation of the azo nitrogen violently disrupts
the extended planar conjugation, causing a massive
chromochromic shift from yellow to a vivid magenta-
red, allowing rapid field detection [cite: 6].

Clinical Pathology: Metanil Yellow is aggressively
metabolized by hepatic azoreductases into highly
reactive aromatic amines [cite: 6]. These metabolites
induce extreme oxidative stress via the depletion of
cellular glutathione (GSH). Chronic dietary exposure
is correlated with hepatocellular carcinoma, severe
hepatic necrosis, and neuro-behavioral deficits [cite:
6].
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Structure 7: Metanil Yellow [cite: 6]

Figure 5: Structure 7 - Metanil Yellow. lllegally used
in turmeric. Causes massive chromochromic shifts in
HCl and severe hepatotoxicity [cite: 6].

2. Sudan Dyes in Chili Powder

Red chili powder is frequently adulterated with
Sudan dyes (Structure 8: Sudan I). These are red, fat-
soluble industrial azo dyes [cite: 2]. Because they are
lipophilic, they seamlessly blend into the lipid
components of chili powder. Detection requires
advanced HPLC-MS [cite: 2].

Clinical Pathology: Sudan dyes are categorized as
Group 3 carcinogens. In vivo, the azo bond is cleaved
to form toxic anilines, which covalently bind to DNA
purine bases, causing genotoxic mutations linked to
bladder and hepatic tumors [cite: 2].
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Structure 8: Sudan | Dye [cite: 2]

Figure 6: Structure 8 - Sudan I. Imparts deep red
color to chili powder. Its metabolites covalently
bind to DNA purines causing genotoxicity [cite: 2].

3. Rhodamine B in Sweet Potatoes

Agricultural produce and spices are routinely
enhanced with Structure 9 (Rhodamine B). This
fluorescent dye is heavily utilized to dye sweet
potatoes, chili powder, and local sweets to impart a
fresh pinkish-red hue [cite: 2].
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Clinical Pathology: Chronic exposure results in
cumulative oxidative stress, damaging renal and
hepatic tissues, and acts as a severe endocrine
disruptor [cite: 2].

Structure 9: Rhodamine B [cite: 2]

Figure 7: Structure 9 - Rhodamine B. A fluorescent
pink dye used on sweet potatoes, recognized as an
endocrine disruptor and systemic toxin [cite: 2].

IV. EDIBLE OILS: THE MENACE OF
ARGEMONE OIL

Mustard oil is the staple cooking medium across UP.
It is frequently blended with cheaper vegetable oils
or, lethally, the oil extracted from the seeds of
Argemone mexicana (Mexican poppy), which visually
resembles mustard seeds and grows wild in UP
agricultural fields [cite: 3].

Clinical Pathology: Argemone oil contains Structure
10 (Sanguinarine), a highly toxic polycyclic
benzophenanthridine  alkaloid  [cite: 3, 7].
Sanguinarine inhibits the Na+/K+-ATPase pump,
disrupting cellular osmotic balance and inducing
widespread capillary permeability [cite: 3]. Ingestion
causes Epidemic Dropsy—characterized by bilateral
pitting edema, erythema, glaucoma, right-sided
heart failure, and death by cardiac arrest [cite: 3, 7].
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Structure 10: Sanguinarine [cite: 3, 7]

Figure 8: Structure 10 - Sanguinarine. Found in
Argemone oil adulterating mustard oil, inhibiting
Na+/K+-ATPase and causing Epidemic Dropsy [cite:
3,71

V. EPIDEMIOLOGICAL HEALTH DATA
TABLES

The following tables correlate specific chemical
adulterants discovered within the UP food supply
chain up to 2020 with their corresponding clinical
pathologies [cite: 1, 2, 3,4, 5, 6, 7].

Table 1: Dairy Adulterants and Clinical Pathologies

Chemical Food Clinical Pathology
Adulterant Matrix / Health Effect

Urea Synthetic Hepatic stress,
Milk acute
gastroenteritis,
indigestion,
nephropathy [cite:
4].

Diluted
Milk

Melamine Co-precipitates
with cyanuric acid
causing acute
kidney injury (AKI)
and renal calculi

[cite: 5].

Formalin Milk
(Formaldehy | (Preservativ
de) e)

Mucosal
ulceration,
gastrointestinal
hemorrhage,
hepatocarcinogen
esis [cite: 2].

Elaidic Acid
(Vanaspati)

Desi Ghee Elevates LDL,
depresses HDL,
accelerates
atherosclerosis
and coronary
artery disease

[cite: 2].

Sodium
Lauryl Sulfate

Destruction of
intestinal mucosa,
chronic diarrhea,

and severe
malabsorption

Synthetic
Milk

[cite: 2].
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Table 2: Spices, Oils, and Produce Adulterants

Chemical Food Matrix Clinical
Adulterant Pathology /
Health Effect

Glutathione
depletion,
hepatocellular
carcinoma,
oxidative stress,
neurotoxicity
[cite: 6].

Metanil Yellow Turmeric,

Dal

Chili
Powder

Genotoxic
mutations via
covalent DNA

binding, bladder
and hepatic
tumors [cite: 2].

Sudan Dyes (I-
V)

Inhibits
Na+/K+-
ATPase, causes
Epidemic
Dropsy, bilateral
pitting edema,
cardiac arrest
[cite: 3, 7].

Sanguinarine | Mustard Oil

Rhodamine B Endocrine
disruption,
severe renal
damage,
cumulative
systemic toxicity
[cite: 2].

Sweet
Potatoes,
Sweets

Vark
(Sweets)

Crosses blood-
brain barrier,
disrupts
cholinergic
signaling,
induces early-
onset cognitive
impairment

Aluminum Foil

[cite: 2].

V1. CONCLUSION

The integration of clinical epidemiological data with
analytical chemistry underscores the profound
lethality of food adulteration in Uttar Pradesh up to
the year 2020. The chemical agents utilized to spoof

quality control tests—such as sanguinarine, urea,
and azo dyes—manifest as systemic toxins, inducing
organ failure, neurodegeneration, and cancer [cite: 2,
3, 6]. Counteracting this crisis requires not only
advanced chromatographic detection
methodologies but a robust public health
infrastructure designed to monitor and treat these
toxicological outbreaks. Continuous technological
innovation remains the absolute bedrock of ensuring
food security and public health [cite: 1, 2].
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