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ABSTRACT: Curcumin, the major constituent of turmeric (Curcuma longa) is a valuable spice with good
anti-inflammatory, antioxidanat and antimicrobial properties. Turmeric powder is popular for its culinary use
and has elevated consumer demand. The adulteration of turmeric samples not only nullifies the beneficial effects
but also causes various diseases. The present study was conducted to check the adulteration of the branded and
unbranded turmeric samples available in Telangana region. A number of tests recommended by FSSAI
guidelines were conducted that include percentage determination of moisture content, curcumin content, total
ash, and acid insoluble ash on dry basis. In addition to these, tests were also conducted to determine the
presence of lead salts, lead chromate, metanil yellow, aniline dyes, and chalk powder. Metanil yellow is the
common adulterant which is detected in all the unbranded samples and in 9 out of 14 branded samples.
Presence of lead salts was detected in 10 out of 15 unbranded samples. In addition to these some of the
unbranded samples were also detected with the presence of aniline dyes, added colour and chalk powder
contamination. Lead chromate contamination was observed in one sample each in branded and unbranded
samples. Lowest curcumin content was observed only in 3 branded samples. Higher moisture content
percentage than the prescribed standard of 10 was observed in 8 unbranded samples versus one branded
sample. Abnormal percentage of ash insoluble in dilute HCL was observed only in unbranded sample no 19
which tested positive for all the adulterants. Of total 30 samples only 3 branded samples (sample no 2,3,4) met
all the criteria. The results highlight the adulteration and malpractices in selling turmeric powder and
demonstrate the need for reliable, rapid, transparent and robust screening methods to tackle this problem.
KEYWORDS - Metanil yellow, aniline dyes, chalk powder, turmeric powder, moisture content, total ash on
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l. INTRODUCTION

Turmeric is a rhizomatous herbaceous perennial plant (Curcuma longa) of the ginger family. It is a
valuable spice and is widely known both in medical and scientific fields for its medicinal properties.1 Curcumin,
demethoxycurcumin and bisdemethoxycurcumin are the main yellow coloured bioactive substances in this
rhizome.2 Turmeric is used in medicine since ancient times as it has the potential for a plethora of events that
include antibacterial, anti-inflammatory, antimicrobial, antirheumatic, hypercholesteraemic, antihepatotoxic,
antifibrotic, anti-inflammatory, and insect repellent activity.[3,4] India exports turmeric in the form of whole
dried rhizomes, as powder and other valued-added forms and positions itself as the leading producer, consumer,
and exporter of turmeric. Unfortunately, the adulteration of turmeric powder is being observed with filler
materials, synthetic dyes, inert or biological entities that not only add bulk or increase the appearance but also
dilutes the main product making it less effective and posing health hazards. This in turn corrodes consumer
confidenceb.

The Food Safety and Standards Authority of India (FSSAI) 2011 and The Prevention of Food
Adulteration Act (PFA) as on 1.10.2004 recommends the acquisition of turmeric (haldi) powder only from the
plant Curcuma longa L by grinding the dried rhizomes or bulbous roots of it. Both the guidelines prohibit the
addition of any coloring matter including the presence of lead chromate in turmeric powder.[6,7] The Bureau of

DOI: 10.35629/6734-13046066 WWW.ijesi.org 60 | Page



Analytical Assessment of Branded and Unbranded Turmeric Samples Collected in ..

Indian Standards suggests a minimum of 3% curcumin for powdered turmeric, whereas the mandatory PFA Act
as on 1.10.2004 does not specify any minimum curcumin limit. As per the FSSAI 2011, the minimum
percentage of curcuminoid content on a dry basis should not be less than 2% by weight. World organizations
like the International Organization for Standardization (1SO), American Spice Trade Association (ASTA) The
Food Safety and Standards Authority, India (FSSALI), impose strict regulations on the quality of spices and herbs
imported and exported [5,6,7]

The authors Basnet P, Skalko-Basnet N on the basis of frequent studies stated that turmeric is generally
Recognized as Safe (GRAS) by the US FDA, and curcumin has been granted an acceptable daily intake level of
0.1-3 mg/kg-Body weight by the Joint Food and Agriculture Organization / World Health Organizations Expert
Committee on Food Additives, 1996.8 In the present investigation a few branded and unbranded turmeric
samples were collected from the local market and physicochemical evaluation was done to check the
adulteration as per the FSSAI standards, 2011 that include estimation of moisture content percentage,
percentages of total ash, ash insoluble in dilute HCL and curcumin content on dry basis. In addition to these the
presence of adulterants that include artificial colourants like metanil yellow, aniline dyes, added colour, chalk
powder, lead salts and lead chromate were also detected.

1. EXPERIMENITAL-MATERIAL AND METHODS
Sample collection; Different samples of turmeric powder with 500 grams weight were collected from the
supermarket at various locations which includes both branded samples that are given sample numbers as 1 to 14
and unbranded samples with sample numbers 15 to 30 respectively. Unbranded samples were collected from
various open markets in which loose turmeric powder was obtained. Table 1 summarizes the location of branded
and unbranded samples respectively.

Table 1: Naming & Location of the Collected Branded and Unbranded Turmeric Samples

Branded Samples U.nbranded Samples
(Loose Turmeric Powder From Open Markets)
Sample No Location Sample No Location
1 Saroornagar 15 Malakpet
2 Osmangunj 16 Miyapur
3 Dmart Champapet 17 Maddanapet mandi Saidabad
4 Saroornagar 18 Erragadda
5 Dilshuknagar 19 Open market roadside
6 Heritage fresh Saidabad 20 L.B Nagar
7 Dmart Champapet 21 Pragathi Nagar
8 Ashoknagar 22 Openmarket
9 Dmart Champapet 23 Nallagandla, Lingampally
10 Dmart Champapet 24 BegumBazar
11 Heritage fresh Saidabad 25 BegumBazar
12 Honey Rostea Saidabad 26 Osmangunj
13 Heritage fresh Saidabad 27 Dilshuknagar
14 Heritage fresh Saidabad 28 Kukatpally
29 Secunderabad
30 Secunderabad

The apparatus, reagents and the methods used to determine the physiochemical properties of the branded and
unbranded turmeric samples and the relevant reference standards are summarized in Table 2.
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Table 1: Summary of the Tests, Apparatus, Reagents Used to Determine the Physiochemical Properties of

Turmeric Samples

S.No | Name of the Test Method Apparatus Chemicals/Reagents Prescribed FSSAI
Used 2011 standards®
1 Determination of Dean and Stark Toluene | Distillation Apparatus Chromic acid solution, Not to exceed more
moisture content % Distillation Method. Reflux Condenser, Toluene than 10% by weight
on dry basis FSSAI Manual of Heating Mantle,
Methods for Analysis of | Condensed Solvent,
Foods Spices and Round Bottomed Flask
Condiments, 2016 (3.0)°
2 Total ash on dry basis | FSSAI Manual of Muffle Furnace, Tongs, Not to exceed more
% Methods for Analysis of | Gloves. than 9% by weight
3 Ash insoluble in Foods Spices and Muffle Furnace, Filter HCL, Distilled water Not to exceed more
dilute HCL on dry Condiments, 2016(4.0, Paper, Tongs. than 1.5% by weight
basis % 5.0)°
4 Curcuminoid content | FSSAI Manual of Soxhlet Apparatus, 95% Alcohol Not less than 2% by
on dry basis % Methods of Analysis of Volumetric Flask, Filter weight
Foods Spices, Herbs and
Condiments 2021
FSSAI 10.030:2021"
5 Presence of Metanil Pasteur pipettes / Concentrated HCI Negative
Yellow Dropper
6 Presence of Aniline Rectified Spirit Negative
Dyes
7 Test for Added 13N H2S04: 88 ml of
Colour concentrated H2S04
diluted to 250 ml with
distilled water
Petroleum ether
7 Presence of chalk Concentrated HCI Negative
powder ESSAI Manual of
8 Presence of lead salts Simple methods for Pasteur pipettes / Concentrated HCI Negative
testing of common Dropper
9 Presence of lead adulterants in food, Pasteur pipettes / Negative
chromate 2019 Dropper 1:7 H2S04. 10 ml of
concentrated H2SO4
carefully added to 70 ml
of distilled water.
Diphenylcarbazide
(0.2%): 200 mg of
Diphenylcarbazide
dissolved in 100ml of
95% alcohol.
1. RESULTS AND DISCUSSION

Summary of result of all the tests is presented in Table 3 and Table 4. Higher percentage of moisture

content more than the prescribed standard of 10 was observed in eight unbranded samples (sample numbers
15,18,19,21,22,28, 29 and 30) compared to one branded sample (sample number 8). On average the branded
samples have lower moisture content than the unbranded samples. The percentages of total ash on dry basis of
all the branded and unbranded turmeric samples complied with the current standards. All the turmeric samples
except unbranded turmeric sample 19 have the ash insoluble in dilute HCL on Dry basis percentage within the
FSSAI mentioned limits of not more than 1.5% by weight. Unbranded turmeric sample 19 have almost more
than double (3.52%) that of prespecified FSSAI value of 1.5%. This sample showed positive for all the tested
adulterants except lead chromate. The curcumin content percentage can be correlated with the overall quality
and potency of the turmeric powder. Three branded turmeric samples (sample no 5, 6 and 9) have lower
curcumin percentages of 1.2%, 1.79%, and 1.93%. These are less than the recommended curcumin percentages
of more than 2% by weight as per FSSAI (2011) standards6.

The detection of metanil yellow is seen in 9 out of 14 branded turmeric samples and all unbranded
turmeric samples. The presence of aniline dye or added colour was not detected in any of the branded turmeric
samples. In unbranded turmeric samples aniline dye was present in 6 samples (Sample Nos 17, 19, 20, 21, 25
and 26) and presence of added colour was seen in three samples (Sample Nos 16, 19 and 25). The detection of
chalk powder contamination and lead salts contamination was observed only in unbranded samples. Chalk
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powder contamination was seen in unbranded sample no’s 17, 19, 22, 24, 26, 27, 29 and 30. Presence of lead
salts contamination was seen in 10 out of 16 unbranded samples. Presence of lead chromate was detected in one
sample each in branded (sample 1) and unbranded turmeric samples (sample 16).

Table 3. Summary of Analytical Tests in Both Branded and Unbranded Turmeric Samples

Sample No Moisture Content % Total Ash on Dry Basis Ash Insoluble In Dilute Hcl Test For Curcumin
by Weight % by Weight on Dry Basis % by Weight % by Weight

Branded Turmeric Samples

1 9.47 6.19 0.49 3.34
2 8.85 7.04 0.40 2.19
3 9.06 7.38 0.59 2.49
4 9.46 6.56 0.42 2.77
5 9.20 6.24 0.72 112
6 8.36 7.77 0.61 1.79
7 9.32 8.42 0.55 3.36
8 10.06 7.20 0.75 2.47
9 8.63 7.95 0.81 1.93
10 7.95 7.86 0.43 2.94
11 9.78 8.53 0.53 2.13
12 9.12 7.95 0.77 3.15
13 8.80 7.98 0.83 3.01
14 9.71 8.07 0.82 2.55

Unbranded Turmeric Samples

15 10.66 5.03 0.69 3.01
16 9.05 7.65 0.72 2.03
17 9.38 8.07 0.94 3.42
18 11.03 8.64 0.81 2.88
19 11.03 7.27 3.52 2.88
20 8.60 8.0 0.40 291
21 10.17 6.99 0.79 2.65
22 10.17 7.09 0.69 3.37
23 9.87 8.64 1.08 2.46
24 9.33 8.27 0.94 2.83
25 9.87 6.67 0.95 2.31
26 9.36 8.64 1.38 2.58
27 9.43 7.36 0.55 2.45
28 10.22 6.75 1.07 3.09
29 10.02 8.18 0.75 291
30 10.53 7.94 0.92 2.14
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The prescribed standards as per FSSAI 2.9.18.2, 2011 guidelines are moisture content not more than 10% by
weight, total ash on dry basis not more than 9.0% by weight, ash insoluble in dilute HCI not more than 1.5% by
weight, and curcumin % not less than 2% by weight.® Please note that the outliers are highlighted in grey.

Table 4. Summary of Preliminary Analytical Tests on the Detection of Various Adulterants in Both Branded and

Unbranded Turmeric Samples

SampleNo |  Metanil Yellow [ AnilineDyes | Added Colour | Chalkpowder [ Leadsalts | Lead Chromate

Branded Turmeric Samples
1 - - - - - Positive
2 _ _ _ _ _ _
3 _ _ _ _ _ _
4 _ _ _ _ _ _
5 _ _ _ _ _ _
6 Positive - - - - -
7 Positive - - - - -
8 Positive - - - - -
9 Positive - - - - -
10 Positive - - - - -
11 Positive - - - - -
12 Positive - - - - -
13 Positive - - - - -
14 Positive - - - - -

Unbranded Turmeric Samples
15 Positive - - - -
16 Positive - Positive - Positive Positive
17 Positive Positive - Positive Positive -
18 Positive - - - Positive -
19 Positive Positive Positive Positive Positive -
20 Positive Positive - - Positive -
21 Positive Positive - - Positive -
22 Positive - - Positive Positive -
23 Positive - - — _ _
24 Positive - - Positive - -
25 Positive Positive Positive - Positive -
26 Positive Positive - Positive - -
27 Positive - - Positive - -
28 Positive - - - Positive -
29 Positive - - Positive - -
30 Positive - - Positive Positive -

Table : 4. Summary of the Preliminary test on the detection of various adulterants in both branded and

unbranded turmeric samples which is represented in the table 4. In Branded turmeric samples lead chromate was
tested positive in sample 1 followed by Metanil Yellow in sample no 6 to 14 where as in unbranded samples.
Metanil Yellow is identified as positive where as in Unbranded Samples identified adulterants are Metanil
Yellow in sample 15 to 30, Aniline dyes sample no (17,19,20,21,25,26), Added Colour in sample (16,19,25),
Chalk powder is in sample (17,19,22,24,26,27,29,30), Lead Salts in sample no (16,22,25,28,30) and Lead
Chromate in sample no 16

V. DISCUSSION

Our results suggest the detection of metanil yellow in 9 of total 14 branded turmeric samples. It was
reported that metanil yellow may cause several toxic effects on various systems of the body even when a
minimal dose enters the body for a long duration of time.*>**!* It was known to cause degenerative changes in
the lining of stomach, kidneys and liver.® Metanil yellow was reported to be carcinogenic.™® and mutagenic.*’ In
addition to this it was also proved to be harmful to reproductive organs as it badly effects the ovaries and
testes.’® Metanil yellow was recently reported to have genotoxic activities and should be taken in very control
and limited doses.™ In addition to metanil yellow 10 out of 15 unbranded samples are detected with lead salts
contamination which is a cause for concern as it was reported in a review that increased exposure is associated
with neuropsychiatric disorders such as attention deficit hyperactivity disorder and antisocial behavior.”’ Even
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blood lead level below 5 ug/dl was reported to influence children neurobehavioral performance.” Also in one
study in New Zealand it was reported that childhood lead exposure was associated with lower cognitive function
and socioeconomic status at age 38 years.”” Presence of lead salts contamination was not detected in any of the
branded samples however lead chromate was detected in one sample each in branded and unbranded samples. A
research paper reported that lead chromate induced concentration-dependent cytotoxicity in BEP2D cells after a
24h exposure.?® Some of the unbranded samples were also detected with the presence of chalk powder, aniline
dyes and added colour. Chalk powder adulteration was reported with indigestion and aniline dyes contamination
with carcinogenic potential.** Moisture content to be reduce to a safe limit of 10% for grinding or 6% for safe
storage to reduce the risk of microbial contamination.”® Abnormalities in percentage moisture content above the
prescribed standard was observed mostly in unbranded samples (8 in number) versus 1 branded sample.

Physiochemical evaluation plays a key role in quality control and regulatory compliance in the food
industry. Adulteration of branded turmeric erodes this trust, potentially exposing consumers to health risks
associated with unknown or harmful substances. The unbranded samples have more than one adulterant
contamination and are very unsafe to consume. Spices with high commercial value and complex supply chains
were often affected with adulteration. This food supply chain was also impacted further with the recent COVD-
19 pandemic situations.?

V. CONCLUSION

Metanil yellow an artificial azo dye is the common adulterant that was detected in most of the branded
and all unbranded turmeric samples collected in Telangana region. In unbranded samples in addition to metanil
yellow adulteration, most of the samples were also detected with the presence of lead salts. Some of the
unbranded samples were detected with chalk powder, aniline dyes and added colour in addition to metanil
yellow. Only three branded samples (sample 2, 3, 4) met all the criteria as per FSSAI guidelines without the
detection of any adulterant. Addressing the issue of turmeric adulteration requires a multi-faceted approach,
including routine quality control inspections, good governance, strengthening regulations, consumer education,
and industry self-regulation. Implementing, and fostering transparency in the supply chain is essential towards
ensuring the integrity and safety of branded turmeric products.
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