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Abstract

Background and objectives: Henna (Lawsonia inermis L.) is one of the plant dyes used for
dyeing textiles since ancient times. The active ingredient in this plant is Lawson, which causes
its coloring and antibacterial properties. On the other hand, the surface of natural fiber textiles,
including handwoven carpets, in the presence of moisture and heat, causes the growth and
proliferation of bacteria. This leads to problems with the product's durability, appearance, and
hygiene. In this research, in addition to evaluating the color characteristics of fibers dyed with
dry henna and its aqueous and alcoholic extracts, the comparison of their antibacterial effect on
two Gram-positive Staphylococcus aureus and Gram-negative Escherichia coli bacteria has also
been investigated.
Methodology: The leaves of the native henna plant of Fars province were picked and dried in
spring. Fibers of 4.5 metric meters and 63 deniers were used with Iranian wool and silk fibers.
Considering that the extraction of the effective substance in plants depends on the type of
solvent used, in addition to dry henna, three different solvents, water, ethanol, and methanol,
were applied to prepare henna extracts. In this study, fibers were dyed with henna extracts,
applying a simultaneous mordant method with Aluminum sulfate. Aqueous and alcoholic
extracts were prepared by percolation and reflux methods in a Soxhlet extractor, respectively.
For this purpose, a dyeing bath with L: R=1:50 containing natural fibers, 3% oxalic acid, 5%
aluminum sulfate, and 30% dye was used. The dyeing process for both baths took 90 minutes in
a bain marie. Color parameters (a*, b*, L*), color strength (K/S), reflective spectrum (R), light
fastness, and antibacterial properties of each fiber dyed with dry henna and its extracts were
evaluated. To measure the antibacterial properties, 0.03 grams of each dyed fiber was soaked in
1500 microliters of serum containing Staphylococcus aureus and Escherichia coli for 24 hours.
Then, by dilution method in plates, Nutrient agar was cultured, and colonies were counted.
Quantification of Lawson in the extracts was done using HPLC analysis.
Results: Reflective spectrophotometry showed that all wool and silk fibers dyed with henna and
its extracts had positive a* and b* levels, which indicates the red and yellow undertones of the
dyed samples. On the other hand, compared to silk fibers, wool fibers dyed with various types
of henna dyes showed a higher degree of redness and yellowness and a lower percentage of
brightness (L*). The numerical results were consistent with the qualitative and visual
evaluations in the optical cabinet. In addition, natural fibers dyed with ethanol extract from
henna had the lowest percentage of brightness and reflection and the highest color strength. The
ethanol extract produced brilliant golden colors on silk fibers. Fibers dyed with all four types of
henna dye had acceptable optical stability (7-8). Wool and silk samples dyed with alcoholic
henna extracts, especially ethanol extract, showed a significant inhibition percentage for two
types of bacteria, Escherichia coli and Staphylococcus aureus. This is due to secondary
metabolites such as Lawson, which was detected using high-performance liquid
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chromatography. On the other hand, the antibacterial activity against the second type of bacteria
was higher than the first type (76-90%), which is due to the difference in the cell wall structure
between the two. The amount of Lawson measured in the ethanol extract of henna was higher
than the other two extracts (16%), which confirms the color strength, high stability, and
antibacterial properties of this extract on fibers.

Conclusion: The findings of this study proved that the use of henna and its extracts in dyeing
natural fibers can be a promising factor in preventing infectious diseases caused by E. coli and
S. rause bacteria. On the other hand, it seems that the ethanol extract of henna is more effective
than the rest of the tested solvents for color strength, brightness, light fastness, and antibacterial
effects. In addition, the ethanol extract of henna created a very beautiful golden color on silk in
the presence of aluminum mordant. This is a very popular and rare color in handwoven carpet
natural dyeing.
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Figure 1. Lawson chemical structure in henna dye
(Balai Kahnamooi et al., 2019)
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Table 1. Effects of different solvents on henna
extraction efficiency

Solvent Extraction efficiency (%)
Water 51

Ethanol 64

Methanol 59
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Figure 2. Escherichia coli growth in wool samples dyed with henna extracts: a) methanol, b) ethanol, and c)
aqueous extracts
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Figure 3. Staphylococcus aureus growth in wool samples dyed with henna extracts: a) methanol, b) ethanol, and
¢) aqueous extracts
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Table 2. Color strength of henna extracts and its dry dye at a wavelength of 400 nm

K/S Dye Sample
1.45 Aqueous extract Silk
391 Ethanol extract Silk
1.64 Methanol extract Silk
1.94 Dry powder Silk
4.36 Aqueous extract Wool
15.46 Ethanol extract Wool
6.66 Methanol extract Wool
11.67 Dry powder Wool

“K/S: Ratio of the absorption coefficient to the emission coefficient of the color (Color strength)
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Table 3. Color parameters in samples dyed with extracts and henna dry dye

L* b* a* Dye Sample
87.61 14.91 5.81 Aqueous extract Silk
70.36 17.44 5.73 Ethanol extract Silk
82.92 27.20 2.57 Methanol extract Silk
73.31 20.92 5.45 Dry powder Silk
67.23 23.20 11.46 Agqueous extract Wool
51.33 30.29 11.00 Ethanol extract Wool
66.51 29.02 9.95 Methanol extract Wool
51.50 34.22 13.73 Dry powder Wool

a*: Amount of greenness or redness; b*: Amount of yellowness or blueness; L*: Brightness percentage.
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Figure 6. Colored fibers with: a) highest brightness and lowest color strength (silk dyed with methanol extract)
and b) lowest brightness and highest color strength (wool dyed with dry henna)
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Table 4. Red-green and yellow-blue degree in samples dyed with extracts and henna dry dye

b* ax Dye Sample
1491 5.81 Aqueous extract Silk
17.44 5.73 Ethanol extract Silk
27.20 2.57 Methanol extract Silk
20.92 5.45 Dry powder Silk
23.20 11.46 Aqueous extract Wool
30.29 11 Ethanol extract Wool
29.02 9.95 Methanol extract Wool
34.22 13.73 Dry powder Wool
a*: Amount of greenness or redness; b*: Amount of yellowness or blueness
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Table 5. Reflectance (within 400 nm) in samples dyed with extracts and henna dry dye

Reflectance Dye Sample
21.26 Aqueous extract Silk
10.28 Ethanol extract Silk
19.67 Methanol extract Silk
17.50 Dry powder Silk
6.55 Aqueous extract Wool
3.04 Ethanol extract Wool
9.40 Methanol extract Wool
3.59 Dry powder Wool
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Table 6. Brightness in samples dyed with extract and henna dry dye before and after
light irradiation to determine light fastness

| (after light irradiation) | *(Before light irradiation) Light fastness Dye Sample
75.99 70.36 7-8 Ethanol extract Silk
75.32 71.12 7-8 Methanol extract Silk
74.13 73.31 6-7 Dry powder Silk
62.73 51.33 7-8 Ethanol extract Wool
62.22 52.72 7-8 Methanol extract Wool
53.28 51.50 6-7 Dry powder Wool

L*: Brightness percentage
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Table 7. Bacteria number on samples dyed with extracts and henna dry dye after 24 hours

Escherichia coli (CFU.mI%) Staphylococcus aureus (CFU.ml?) Sample

13600 15300 Silk dyed with dry henna

11000 10700 Wool dyed with dry henna

3600 1900 Silk dyed with aqueous henna extract

1890 1890 Wool dyed with aqueous henna extract
41 28 Silk dyed with ethanol henna extract
32 11 Wool dyed with ethanol henna extract
173 146 Silk dyed with methanol henna extract
150 142 Wool dyed with methanol henna extract
1020 980 Undyed wool treated with ethanol
1300 1120 Undyed wool treated with methanol

2530 1600 Undyed silk treated with ethanol

2600 1800 Undyed silk treated with ethanol
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Table 8. Bacteria growth inhibition percentage in samples dyed with extracts and henna dry dye

Staphylococcus aureus Escherichia coli growth inhibition (%)

Dye growth inhibition (%)
Wool Silk Wool Silk
Dry powder 51 43 55 43
Agueous extract 72 51 72 63
Ethanol extract 90 80 85 76
Methanol extract 84 73 78 72
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Table 9. Weight percentage and some constituents retention time of ethanol and methanol henna extracts

Area (%)
. Ethanol
Number RT (min) Compound Methanol
henna
henna extract
extract
1 3.716 Pyrrolidine 0.755 -
2 17.816 2,H-Indene-1,3-dione-2-carboxylic acid, ethyl ester 0.057 3.706
3 18.813 2-Acetylmethylbenzoate 4.228 -
5,6,7,8,Tetrahydro-4H-thieno[3,2-b]indole ,4H-Thieno[3,2-
4 20.509 ) 4.474 0.543
b]indole, 5,6,7,8-tetrahydro-
1(Hydroxymethyl)-1-methyl-7-methoxy-1,2-
5 26.028 (Hydroxy Y Y Y - 5.307
dihydronaphthalene
6 26.949 Tetradecanoic acid, Myristic acid 2.565 0.076
7 28.109 Ethyl 4-(trifluoromethyl)benzoate 3.029 4.228
8 28.115 Neophytadiene 1.1334 1.163
9 31.041 Hexadecanoic acid, Palmitic acid, Pentadecanecarboxylic 8.585 8.123
10 34.334 Linoleic acid,Linoleic, Telfairic acid 6.462 7.380
11 34.439 Octadecenoic acid 14.962 15.624
12 42.43 Di-(2-ethylhexyl)phthalate 44.872 40.880
13 42.447 Bis(2-ethylhexyl) phthalate 42.447 56.037
14 48.148 2,6,10,15,19,23-Hexamethyl-2,6,10,14,18,22-tetracosahexaene 0.089 2.588

RT: Retention time
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Figure 7. Reversed phase HPLC analysis at 280 nm: (a) extracts and (b) lawsone standar
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Table 10. Lawsone content in ethanol, methanol, and agueous extracts of henna

Extract type Area (%) mg.l* of extract
Ethanol extract 79.836 15.91
Methanol extract 13.118 2.49
Agueous extract 7.044 1.33
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