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Saffron Adulteration: Simple Methods for Identification of Fake Saffron
Ruwida M. Kamour™, Zaema A. El Baroudi?, Taha H.Elsheredi?
Department of Medicinal and Pharmaceutical chemistry, Faculty of Pharmacy, University of
Tripoli, Tripoli-Libyal?.
2 Department of Pharmacognosy, Faculty of Pharmacy, University of Tripoli, Tripoli-Libya®

Abstract:
Background: Saffron is considered the most expensive spice all over the world making it
susceptible to adulteration. Iran is the most producer of saffron in addition to many other origins.
There are many methods of examining saffron either pharmacopoieal or non-pharmacopial
methods. Method: eight samples collected from markets in Tripoli-Libya were examined by
solvent tests, microscopic features and TLC. Results: Water solubility assured the quality of
samples 1, 3 and 6 where samples 4 and 5 imparted red colours compared to no colour in case of
sample 7 and 8. Methanol test assured results obtained of water solubility. Sulphuric acid tests
confirmed purity of samples 1, 2, and 3. Microscope images showed matching of some features
of saffron with definite fake features for samples 2, 7 and 8. Moreover, yellow spots detected by
naked eye on TLC matched requirements stated in Japanese Pharmacopoeia. Conclusion:
Results obtained for the eight samples focused on main features expected to be obtained with
genuine saffron. Samples 1, 2 and 3 showed to have most expected features. Finally, this study
assures the urge of using quick and simple methods for testing saffron results.

Introduction:

Saffron is the dried stigma of Crocus sativus L., a member of the family Iridaceae.. It is
considered as one of the most expensive spice. In addition, there is increasing use for healthy,
cosmetic and aromatic properties [1, 2]. There are many historical evidence of using saffron in
Iran and ancient Iraq back to more than 3000years ago [3,4,5]. The high price and increasing
demand have made adulteration possible. Therefore, combination of microscopic and visual
inspection along with chemical analysis would be important for recognizing genuine and
adulterated saffron.

Cultivation and collection

Saffron is the dried stigma of the blue-purplecrocus flower, figure 1. It forms a loose mass of
dark, reddish-brown flattened threads with a few yellow ones [6]. The majority of saffron is
grown in lran [7, 8]. Indiaalso contributes 5% of the world production, in addition to
Afghanistan, Greece, Morocco, Spain and Italy [9]. Saffron, despite being a perennial plant, it
flowers just once a year in autumn and the only way to harvest saffron is by hand, where it is
needed between70,000 and 200,000 flowers in order to obtain 1 kg of driedsaffron threads.Each
stigmata of saffron weighs approximately 2 mg andeach flower contains three stigmata These
factors contribute to its high cost.[10,11].

http://tarbawej.elmergib.edu.ly 792



5.9 it Ao
Journal of Educational
ISSN: 2011- 421X
Arcif Q3

Ze

ER

Production and coast

Saffron is usually considered as the world’s most expensive spice making it most expected to be
adulterated. For instance, some referencescontemporary prices, cited its price as 40-50$ per
gram compared to UK where English saffron sold atE75 a gram in certain London markets. In
general, saffron price approaches 1500-2200 Euro/kg[13].

Components and Medical use

Crocins and other carotinoids are responsible for colouring water which is the most important
feature for quality control of saffron [14]. Saffron’s bitter taste and aroma are primarilydue to
the chemicals picrocrocin and safranal, respectively [15].

In addition to its use as a food spice, saffron has been used to treat gastric and metabolic
disorders, including diabetes and as pain-reliever. Also it is used as antidepressant, hypnotic,
antitussive, antihyperglycemic, hypolipidemic, anti-inflammatory, hepatoprotective and
bronchodilator [13,16].

Adulteration

Methods of adulteration of saffron are so many ranging from adding oils, glycerine or honey in
order to increase its weight to the use of constituents of other plants such as safflower petals
(Carthamus tinctorius), calendula petals (Calendula officinalis), turmericpowder (Curcuma
longa)and starch and capsicum powder[12, 17].

Identification Methods

There are many methods for detecting adulteration of saffron. Some of these methods in
pharmacopeia along with many published research methods. Visual and microscopic features
compose the most key methods for recognizing pure saffron from fake one. In addition, spot
tests, ultraviolet absorption, TLC, high-performance liquid chromatography (HPLC)and gas
chromatography (GC) for volatile constituents of saffron also frequently applied [12, 13, 17].
Saffron is usually sold as filaments and sometimes as powdered. Therefore, this study included
eight different samples; seven of them collected from different groceries in Tripoli, Libya
whereas samplel obtained from Mecca, Saudia Arbia. Information on their package is listed in
table below.

Table 1. Details of samples as printed on package.

2024 Ll 2,17 ) Ll Salaa
2025 sli 26 2l

Sample | Trade name Origin Production date | Expiry date
1 /l Saudi Arabia /l I

2 Three flowers Brand | Spanish &Iranian | July-2023 July-2026

3 Saffron Abu Shaiba | Iran 23/08/2023 23/07/2026
4 Spanish Rio Suprior | Spanish 01/01/2022 01/01/2025
5 Rio Suprior Spanish 01/10/2020 01/10/2023
6 HEMANI Pakistan 01/2024 12/2027

7 ol o e India 02/2023 02/2027

8 Ol Libya 02/2024 02/2026

Materials and Methods

Eight different samples collected from markets and their labelled information is listed in table 1.
The samples were tested for their appearance, with microscope, chemical tests and finally TLC.
1-Description of stigma:

The samples were evaluated with naked eye and compared to what stated in Japanese
Phrmacopoeia 2024 (Thin cord-like stigma, externally dark yellow-red to red-brown, 1.5-3.5 cm
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in length, tripartite or separate; the end of partite part widened and the other end narrowed
gradually) [20]. Figure 2 showed differences in appearance of the threads and evaluated for
colour, shape and odour.

2- Solvent Test:

1- Water test: 2-3 threads were soaked in 3ml of water and observed for colour development
[18].

2- Methanol: 0.05 g of each sample was placed in petri dish and 1 ml of methanol is added to
evaluate colouration of methanol [18].

3- Sulphuric acid: The Carotenoid pigments such as Crocin, Crocetin and Picocrocin reacts with
the sulphuric acid to give bluish colour immediately then changes to Violet to red [18]. This is
explained by the hydrolysis of the Carotenoid esters [21]. The fake saffron will produce yellow
colour.

3- Microscopic examination:

Samples were examined using Leica flourescence microscope DM4 B (Leica Microsystems,
Germany). Morphological Features recorded such as: finger-like protruding; margins; serrations;
texture; dyeing patterns and pollen grains.

4- Thin layer chromatography (TLC):

Stationary phase was obtained from ALUGRAM xtra SIL (Macherey-Nagel, Germany), ethyl
acetate, acetic acid and methanol were obtained from (BDH, England), Sulphuric acid and iso-
propanolol was obtained from (BDH). Air-dried plates were examined using UV lamp from
(Mineral light, California).Sample aliquot was prepared by soaking few filaments in 3ml of
methanol. Mobile phase: ethyl acetate:methanol:water:acetic acid (20:5:4:1) [20].

Results and Discussion:

1- Description:

Visual examination of samples with naked eye provided possibility to compare shape of
filaments, colour, and presence of unrelated materials, figure 2. The observations are listed in the
following table. Features of samples 1,3, 6 matched reference requirements for genuine saffron

[12, 20].
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Figure2: Visual inspection of éamples 1-8.

i

X

P

http://tarbawej.elmergib.edu.ly 794



/_\ (6 5] Al aa ] ]
Journal of Educational 2024 4l 2,17 (ol pilill Jalea

n ISSN: 2011- 421X 2025 »i 26 2wl
Arcif Q3

Table2: Visual examination of tested samples.

Sample Colour Shape Presence of foreign parts
1 Red Elongated dry filaments not
2 Dark red Very thin long filaments not
3 Red Long with flattened ends not
4 Dark red Coiled with different thickness points not
5 Light red Very thick compared to others not
6 Red Long with flattened ends not
7 Orange-yellow Short with branched texture yes
8 Orange-yellow Short with branched texture yes

2- Solvent test:

A-Water:

After soaking few filaments of each sample in 3ml of water for 20 min; with shaking. Red
coloration of water was obvious in samples 4, 5 which indicted adulteration with artificial dyes
especially that sample 5 showed white filaments washed out of any colour. Rest of samples
showed yellow coloration of water. Samples 4,5,7 and 8 floated on top.

Figure 3: Solubility in water, samples 1-8.

B- Methanol:

Adding methanol to saffron samples resulted in different results, figure 4. Samples 1,3 and 6
gave yellow colour expecting them to be pure samples whereas samples 4 and 5 imparted red
colour indicating fake saffron. Samples 7 and 8 gave no colour upon addition of methanol
indicating fake samples as well. Sample 2 imparted orange then red colour [18].

y **)Fi-%

Figure 4: spot test with methanol; samples 1-8.
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C- Sulphuric acid:

Samples 1, 3 and 6 provided blue colour immediately then changed to violet to red suggesting
that they are mostly of genuine saffron. Sample 1 with least blue colour formed whereas other
samples did not provide blue colour where sample 4 imparted red colour as shown in figure 5.
Images of samples 2, 4, 5, 7, 8 were taken a minute after adding sulphuric acid.

Figure 5: sample 3 (3A, 3B); sample 6 (6A, 6B) changes of colour upon addition of sulphuric
acid. Samples 2, 4,5, 7 and 8 did not give positive results.

3- Microscopic test:
European pharmacopeia (Ph. Eur. 10) provided positive characterestistics of Crocus stigma (“no
parts with rough walls, nocrystals and no pollen grains containing 3 germinalpores are present),
figure 6 [18]. Tuluidine blue is also used to stain saffron tissues and could be used to detect
fraudulent saffron [6] however due to its toxicity it was not applicable for current study.

Figure 6:Microscopic characteristics of pure saffron: A: Saffron; B: Terminal borderof stigma
lined with finger-shaped papillae (400 x); C: Pollen grains (200 x). Images obtained from the
American Herbal Pharmacopoeia and Alkemist Laboratories.
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The eight samples studied showed textural differences among real and fake saffron. The main
points of comparison were presence of papillae, pollen grains, strange fragments and fluorescent
dye. The images are displayed in figure 7.

/£

Figure 7: Images of samples 1-8 using fluorescent microscope (x10) (Lieca, Garmany).

Samples 1, 3and 6 showed presence of papillae whereas 4, 5, 7 and 8 showed to lack them.
Surprisingly; sample 2 had fluorescence in response to UV light indicating presence of dye;
image 2; in addition to presence of central dark shuffle which assure fake saffron. Similarly;
sample 7 showed strange texture that was not belonging to saffron with fluorescent response to
UV light. Samples 4 and 5 where too dense to visualize any details which may be explained by
presence of red dyes those appeared to be developed upon addition of methanol in spot test..
Sample 8 showed smooth margins with empty centre in addition to strange fragments which all
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with short and thick filaments resulted in adulterated saffron. Samples 3 and 6 showed serrated
ends resembling those of genuine saffron.
4- TLC results
By examining air-dried plates, figure 8, with naked eye, samples 1, 3 and 6 showed yellow spots
whereas presence of red spots corresponding to samples 2, 4 and 5 indicating presence of
artificial dyes. Samples 7 and 8 gave no detectable spots however both provided violet spots
under short UV light. Rsvalues of spots relevant to each sample are listed in table 3 below.

2024 L 2,17 ol 8l Jalea
2025 426 2l

Figure 8: Different spots for samples 1-8.
Table 3. R¢ values for spots located by naked eye and UV light.

Sample number Spot Colour R
1 1 yellow 0.59
2 1 red 0.6
3 1 yellow 0.2
2 yellow 0.314

3 yellow 0.43

4 (UV) violet 0.48

5(UV) violet 0.55

4 1 red 0.12
5 1 red 0.97
6 1 yellow 0.43
7 1(UV) violet 0.36
2(UV) violet 0.95

8 1(UV) violet 0.39
2(UV) violet 0.95

Conclusion:

The basic concept of adulteration is to use materials those have similar features of pure saffron
therefore it was expected to find some samples giving positive results to some tests.
Consequently, this study was constructed basically on examining reliability of quick test
methods thought to be conclusive in distinguishing pure saffron from fake one such as methanol
solubility, sulphuric acid test, microscope features and TLC. These tests performed concluded
that samples 1, 3 and 6 revealed to have features matches those of pure saffron whereas other
samples were thought to be faked. Therefore, it is very crucial to evaluate such products
especially that they are of high price and potentially subjected to adulteration.

http://tarbawej.elmergib.edu.ly 798
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