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Abstract

Background and objectives: Cuminum cyminum L., which contains numerous bioactive
compounds, including flavonoids, terpenoids, and phenolics, is a valuable source of medicinal
and therapeutic compounds. However, the generation of processing waste, particularly cumin
husks, is a major challenge in the cumin industry, as these residues are often discarded or
underutilized. This study investigated different extraction methods for recovering bioactive
compounds from C. cyminum husks and evaluated the antioxidant and antimicrobial activities of
the resulting extracts. The main objective was to promote agricultural waste valorization by
converting cumin husks into value-added resources with potential therapeutic and industrial
applications.
Methodology: Green cumin husks were collected as processing waste from a cumin-processing
factory in Mashhad, Iran. The husks were thoroughly washed to remove soil and other impurities,
air-dried on cotton cloth under shade, and subsequently ground using a semi-industrial mill.
Bioactive compounds were extracted using three solvent systems: aqueous, alcoholic, and
hydroalcoholic. Total phenolic content (TPC) was determined using the Folin—Ciocalteu method,
with gallic acid used as the standard. The chemical composition of the extracts was characterized
using chromatographic analyses. Antioxidant activity was evaluated using the DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical-scavenging assay. Antimicrobial activity was assessed using
the broth microdilution method to determine the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC). Three pathogenic bacterial strains, Staphylococcus
aureus, Pseudomonas aeruginosa, and Escherichia coli, were evaluated. The data were analyzed
using Minitab software, and differences among treatment means were assessed using Tukey’s test
at a 95% confidence level.
Results: Extraction yield varied substantially among the extraction methods, reaching 25.00%
for the aqueous extract, 5.00% for the alcoholic extract, and 8.76% for the hydroalcoholic extract.
The alcoholic extract had the highest total phenolic content (251.76 £ 0.01 mg gallic acid
equivalents/g), whereas the aqueous extract had the lowest content (152.80 mg/g). Chemical
analysis identified several major compounds, including 6-methoxy-8-nitroquinoline,
benzeneacetic acid, and p-xylene. Among the three extraction methods, the hydroalcoholic extract
exhibited the strongest antimicrobial activity. At concentrations of 500, 800, and 1000 mg/mL,
the inhibition zones against S. aureus were 15.0, 19.0, and 22.5 mm, respectively. For P.
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aeruginosa, the corresponding inhibition zones were 11.0, 12.0, and 13.0 mm, respectively. In
contrast, no inhibitory activity was detected against E. coli, indicating a limited antimicrobial
spectrum. Overall, the results demonstrated that the extraction method substantially influenced
both extraction yield and the biological activity of the resulting extracts.

Conclusion: The findings demonstrate that cumin husks, despite being largely underutilized as
an industrial by-product, represent a promising source of phenolic and other bioactive
compounds. Among the extraction methods evaluated, hydroalcoholic extraction produced the
most favorable results regarding antioxidant and antimicrobial activities. Valorization of cumin
husks could therefore provide an effective approach for utilizing agricultural waste and
developing natural products with potential medicinal and industrial applications.

Keywords: Bioactive components, Cuminum cyminum husk, antimicrobial properties,
antioxidant properties, extract
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Table 1. Antioxidant activity, total phenolics content, and extraction yield of various Cuminum cyminum husk
extracts

Total phenolics content

Extract type Yield (%) (mg GAE.g*) Radical Scavenging Capacity (%0)
Water 25+1.2b 152.849.2°¢ 63.56+4.32°
Alcoholic 5+1.2¢ 251.76+12.282 32.4+1.84¢
Hydroalcoholic 8.76+0.38¢ 196.14+7.58P 71.91+2.552

Means+SD with common letters are in the same statistical group at 5% probability level (Tukey test).
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Table 2. Identification of chemical compounds in the hydroalcoholic extract of Cuminum cyminum husk by liquid
chromatography-mass spectrometry (LC-MS)

RT [M-H] . Molecular
No. Compound . Main fragment (m/z) . Reference
(min) m/z weight
L PubChem
1 Ferulic acid 1.55 195 192/71, 169/55, 135/52, 87, 104/2 194.18
CID 445858
PubChem
2 Xylene 2.54 107 51/10, 105/10, 77/10, 106/10, 91/10 106.16
CID 7809
2(3H)-Furanone, 5- PubChem
3 3.98 99 98/10, 55/10, 42/10, 105/10, 41/10 98.09
methyl CID 102550
Benzene, 1-ethyl-4- 117/10, 91/10, 77/10, 120/10,
4 5.40 121.2 120.19 NIST SRD 69
methyl 105/10
. PubChem
5 Glycerin 5.87 93.2 44/10, 105/10, 43/10, 61/10 92.09
CID 753
. 91/10, 119/10, 77/10, 105/10, PubChem
6 Hemellitene 7.95 121.19 120.16
120/10 CID7247
PubChem
7 Undecane 9.64 157.31 85/10, 71/10, 41/10, 57/10, 43/10 156.31
CID 14257
. PubChem
8 Rutin 10.59 611 464, 450, 434, 535/94, 520 610
CID 5280805
PubChem
9 Dodecane 11.71 171.30 85/20, 71/10, 41/10, 57/10 170.33
CID 8182
. 77/10, 119/10, 148/10, 105/10, PubChem
10 Cuminaldehyde 12.58 149.2 148.21
133/10 CID 326
a-D-glucopyranuronic PubChem
11 ; 13.19 195.14 105/10, 57/10, 44/10, 43/10, 75/10 194.14
acid CID 444791
. 91/10, 121/10, 105/10, 119/10, PubChem
12 a-Longipinene 15.96 205.35 204.35
93/10 CID 520957
. PubChem
13 Quercetin 16.48 303.2 300, 288, 232, 157/63 302.2
CID 5280343
. 236, 308, 425/14, 400, 353/218, PubChem
14 Betulin 17.87 442.72 442.72
190/277, 208 CID 72326
. 55/10, 157/10, 156/10, 204/10, PubChem
15 B-Selinene 18.80 204.35 204.35
83/10 CID 442393
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Table 3. Diameter of the growth inhibition zone (mm) for different concentrations of Cuminum cyminum
hydroalcoholic husk extract and gentamicin

Hydroalcoholic concentration (mg.ml)

Microorganism

1000 800 500 Gentamicin
Staphylococcus aureus 22.1+5.25°¢ 19+0.87P 15.41+1.0% 35.33+2.0°
Pseudomonas aeruginosa 13.54+0.0¢ 12.65+0.0° 11.78+0.0% 33.41+2.0¢
Escherichia coli - - - 30

Means+SD with common letters are in the same statistical group at 5% probability level (Tukey test).
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