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PAPRIKA, CHILLI AND TURMERIC POWDERS 

 
Spices rank among the most expensive food raw materials per unit of mass and, 

owing to their multi-stage and geographically dispersed supply chain, constitute one 

of the commodity groups most prone to economically motivated adulteration [1]. 

Reports of the European Commission’s Alert and Cooperation Network consistently 

record fraud suspicions in the herbs and spices category concerning unauthorised 

colourants (Sudan dyes, Orange II, Rhodamine B) [2]. Sudan I–IV, Para Red, 

Rhodamine B and Metanil Yellow are industrial dyes whose use in food is 

prohibited and for which no safe level of intake has been established [3]; lead 

chromate added to turmeric has been shown to be a source of population-level lead 

exposure [4]. 

In the existing literature, the detection of synthetic dyes is addressed mainly 

within the framework of targeted chromatographic methods (HPLC-DAD, LC-

MS/MS) [5, 6] and spectroscopic screening combined with chemometrics [7]. In 

Uzbekistan, the elemental composition [11] and curcuminoid content [12] of 

turmeric have been studied; CIS researchers have proposed methods for assessing 

the authenticity of turmeric [13]; the general principles of food product examination 

are set out in the textbook by R. Normakhmatov [14]; and the determination of 

Sudan dyes is regulated by GOST R 57029-2016 [15]. These approaches, however, 

are confined to establishing the presence of a dye and do not treat the commodity 

meaning of spice colour — its relationship with chemical composition — as an 

object of analysis. The aim of this paper is to substantiate, from the standpoint of 

specialty 02.00.09 “Chemistry of commodities”, the disruption of the relationship 

between the colour parameter and the natural pigment composition as an 

independent diagnostic sign of adulteration. 
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In a genuine spice, colour is a function of chemical composition: the colour of 

red pepper and paprika is determined by carotenoids such as capsanthin, capsorubin, 

zeaxanthin and β-carotene, whose content depends on ripeness, cultivar and drying 

regime [8]; the colour of turmeric depends on curcuminoids, with the absorption 

maximum of curcumin located at approximately 408–430 nm, and the pigment 

degrades under the action of light, alkaline media and heat [9]. Consequently, in an 

authentic product the CIELAB chroma (C*), the extractable colour (ASTA units, 

ISO 7541:2020) and the natural pigment content are governed by a single factor — 

raw material quality — and are positively correlated with one another; in addition, 

the content of extractive substances is likewise related to the freshness of the raw 

material. The addition of a synthetic dye disrupts this system: C* and ASTA increase 

artificially, whereas the carotenoid or curcuminoid content and the extractive 

substances remain at levels typical of low-grade raw material; when inorganic 

pigments such as lead chromate are added, the acid-insoluble ash content increases. 

On this basis, three interrelated criteria of commodity-chemical diagnostics are 

proposed. The first is the colour intensity / natural pigment ratio: a deviation of the 

C*/carotenoid (or C*/curcuminoid) ratio by more than 1.2-fold from the 95 % 

confidence interval established for the group of reference samples is assessed as 

suspicious, and a deviation by more than 1.5-fold as a sign characteristic of 

adulteration. The second is the spectral profile criterion: the appearance, relative to 

the reference, of a new maximum or “shoulder” in the absorption spectrum of an 

acetone or ethanol extract in the 350–700 nm range and in its second derivative  

(≈ 476–520 nm for Sudan I–IV, ≈ 554 nm for Rhodamine B, ≈ 435 nm for Metanil 

Yellow; values depend on the solvent). The third is the compositional inconsistency 

criterion: a high colour parameter accompanied by low extractive substances and/or 

high acid-insoluble ash. All three criteria make it possible to single out a suspicious 

sample even when the type of dye is unknown or is not included in the list covered 

by the targeted method, thereby partially overcoming the “list dependence” 

limitation of targeted chromatographic methods. 

The limitations of the proposed criteria are also clearly defined: in turmeric, 

Metanil Yellow (≈ 435 nm) lies close to the curcumin maximum (≈ 425 nm), so the 

spectral criterion alone is insufficient and must be supplemented by the curcuminoid 

content and a pH test (curcumin turns reddish in an alkaline medium, whereas 

Metanil Yellow turns red-violet in an acidic medium) [7, 10]; because of the partial 

overlap of the spectra of natural and synthetic pigments, UV-Vis screening is 

interpreted only at the “suspicious/not suspicious” level, and no final decision is 

taken without confirmation by HPLC-DAD or LC-MS/MS. 
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In conclusion, the disruption of the functional relationship between the colour 

parameter of a spice and its natural pigment and extractive composition has been 

substantiated as a commodity-chemical diagnostic sign of adulteration with 

synthetic dyes, and three criteria formalising it (colour/pigment ratio, spectral 

profile, compositional inconsistency) have been proposed. These criteria form the 

basis of the screening stage within a comprehensive system for detecting spice 

adulteration; the experimental refinement of their threshold values on a 

representative sample of spices from the domestic market is the task of further 

research. 
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