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Abstract

This study investigated the antimicrobial efficacies of fabrics (100% cotton and 100%
silk) dyed with an ethanol extract of Gardenia jasminoides (G. jasminoides). More
specifically, these fabrics were dyed using a G. jasminoides extract with a dye bath

ratio of 1:20 at 40-60 °C for 60 min, followed by post-mordanting. The concentrations
of the aluminum sulfate, copper sulfate, and ferrous sulfate mordants were each set

to 3% (o.wf.). The samples were mordanted using a mordant bath ratio of 1:30 at 40 °C
for 20 min. The iron mordant slightly increased the dye uptake (K/S) of the cotton fabric
but did not increase the dye uptake (K/S) of the silk fabric. The antimicrobial efficacies
of the dyed fabrics against methicillin-resistant Staphylococcus aureus (MRSA) ATCC
33591 were determined to be 99.8 and 87.8% for the cotton and silk fabrics, respec-
tively. The inhibitory effects of the cotton and silk fabrics against MRSA were 30.5xand
167.3 xthe inoculum size, respectively, indicating the superior inhibitory effect

of the dyed cotton fabric. These results suggest that the fabrics dyed with G. jasmi-
noides extract may possess antibacterial activity against antimicrobial-resistant bacteria.

Keywords: Antimicrobial efficacy, Color fastness, Gardenia jasminoides, MRSA, Natural dye

Introduction

Naturally occurring compounds can be utilized as coloring and finishing agents to produce
environmentally friendly textile products. For example, natural colorants have been used
to dye various materials, including fibers, foods, and cosmetics. For such purposes, it is
necessary to select natural colorants that possess the appropriate properties for maintain-
ing and enhancing the product quality, including good resistances to heat, light, salts, and
acidic and alkaline conditions (Hong, 2023; Shin, 2007; Yin et al., 2024). Due to the ability
of natural dyes to circumvent the harmful effects of synthetic dyes on the human body and
on wastewater, they are expected to play a significant role not only in dyeing applications
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but also in natural colors and fragrances, pharmaceutical development, and environmental
protection when combined with modern advanced technologies (Cha et al., 2006). Natural
dyes have the advantage of creating unique and deep colors compared to chemical dyes,
penetrating deep into textiles, and maintaining the desired color for long periods of time.
They also tend to be biodegradable and are less harmful to the skin and scalp, thereby rep-
resenting good alternatives for individuals suffering from sensitive skin or allergies. It has
also been reported that some natural dyes exhibit excellent antibacterial properties (Kim &
Lee, 2015), anti-inflammatory effects (Son & Kim, 2013), and antioxidant capabilities (Yang
et al., 2011). However, the majority of natural pigments exhibit inferior fixation and fast-
ness characteristics when applied to cellulosic fibers (Hong, 2023). It is therefore desirable
to evaluate the washing fastness properties of different fabrics following dyeing by natural
colorants such as that originating from Gardenia jasminoides Ellis (G. jasminoides).

G. jasminoides, which is known traditionally for its antimicrobial properties, is an ever-
green shrub belonging to the Rubiaceae family, and is commonly grown in many temperate
regions. The oval-shaped fruits of G. jasminoides ripen in the late fall and are reddish-
yellow in color. Traditionally, these fruits have been widely used as a herbal medicine to
treat several diseases (He et al., 2006), as a dye for cloths (Hong et al., 2015; Zhou et al.,
2015), and for coloring foods (Spears, 1988). More specifically, in traditional Korean med-
icine, G. jasminoides has been used to treat diabetes, jaundice, gonorrhea, conjunctivitis,
and inflammation. Previous studies into its bioactivity describe its wide-ranging antimicro-
bial (Choo, 2002; Kim et al., 2003; Yim et al., 1999), anticancer (Abdullaev, 1994; Lee et al.,
2006), antioxidant (Kim et al., 2006, 2020; Pham et al., 2000), blood pressure-lowering (Choi
et al,, 2002), and lipid-lowering effects (Lee et al., 2005).

The yellow pigment of G. jasminoides has a long history of use as a food dye, wherein
its key component is crocin, a glycosyl ester (Kim & Jang, 2005; Kim et al., 2020). It has
also been reported to contain iridoid compounds, such as genipin, geniposide, geniposidic
acid, gardenoside, shanzhiside, methyl deacetyl asperuloside, gardanin (a flavonoid) quinic
acid and its derivatives (anti-inflammatory compounds), vanillic acid 4-O-3-D-(6’-sinapoyl)
glucopyranoside, and caffeic acid (Kim et al., 2006; Shin et al., 2003). Previous studies have
reported that G. jasminoides exhibits antimicrobial activity against Salmonella Typhimuriu
and Escherichia coli, among other bacteria (Oh, 2002). However, no studies have examined
the antimicrobial activity of G. jasminoides-dyed fabrics against antimicrobial-resistant
bacteria, also known as superbugs. Such investigations are of particular interest due to the
ability of such bacteria to spread not only from patient to patient but also through medical
fabrics, bedding, and various household items (Scott et al., 2008).

Therefore, this study aims to examine the color fastness of G. jasminoides in cotton and
silk fabrics following natural dyeing and subsequent post-mordanting with aluminum, cop-
per, and iron. The dyeing solution used herein is obtained by extracting G. jasminoides with
ethanol. The antimicrobial properties of the resulting dyed cotton and silk fabrics are then
tested for their effectiveness against methicillin-resistant Staphylococcus aureus (MRSA).

Methods

Test fabric materials

The test fabrics used for natural dyeing and antimicrobial activity measurements were
commercially available cotton and silk fabrics (Taihan Textile Co., Seoul, Republic of
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Table 1 Characteristics of the cotton and silk fabrics employed in the current study

Composition Weaving structure Count (Ne) Density (thread/5 cm) Mass (g/mz)
Warp Weft

Cotton 100% Plain weave 21.8%x22.1 129.8 127.8 161.1

Silk 100% Plain weave 80.8x80.2 188.8 169.2 1122

Table 2 Measurement of the inhibitory effects of the dyed fabrics against MRSA

Sequence Method Remarks

1 Prepare the dyed fabrics (cotton and silk) by cut-  Conduct the experiment on a clean bench
ting into 5 cm x5 cm squares and place them in (VS-1400LS-3N, Vision Scientific Co., Daejeon,
a petri dish Republic of Korea)

2 Incubate the MRSA (ATCC 33591) in BHI medium Incubator (SLI-400, EYELA)
for 24 h

3 Dilute the cultured strain to 1x 10° and inoculate  Petri dish (SPL, Pocheon, Republic of Korea)
250 pL onto the prepared fabric sample

4 Incubate in an incubator at 37 °C for 24 h

Collect the bacteria from the dyed fabrics using
phosphate buffered saline (PBS) buffer in a petri

dish

6 Inoculate the harvested bacteria on BHI Agar Incubator (SLI-400, EYELA)
medium and incubate for 24 h

7 Measure the colony-forming units (cfus) in the
culture

Korea). Table 1 shows the characteristics of these samples (Table 1). For the natural
dye, 400 g of G. jasminoides was procured from the Korean Oriental Pharmacy, Repub-
lic of Korea. Extra pure reagents were used for the mordanting process. The mordants
used were aluminum sulfate (Al,(SO,);), iron sulfate (FeSO,-7H,0), and copper sulfate
(CuSO,5H,0) (Daejung Chemical Co., Siheung, Republic of Korea). The strain used
to investigate the antimicrobial properties of the dyed fabrics was MRSA ATCC 33591,
which was cultured on brain heart infusion agar (BHA) and brain heart infusion broth
(BHI; Becton, Dickinson and Co., Franklin Lakes, NJ, USA), containing oxacillin (2.0 pg/
mL; Sigma-Aldrich Co. St. Louis, MO, USA) and fungizone (2.5 pg/mL; Life Technolo-
gies Co., Grand Island, NE, USA) (Table 2).

Extraction of the dyeing solution

The G. jasminoides sample (400 g) was placed in 70% ethanol (4 L), and the dye solution
was extracted for two weeks at room temperature. After this time, the extract was fil-
tered to yield 3.6 L of dye (Fig. 1).

Dyeing method

The cotton and silk fabrics were placed in a water bath with a dye bath ratio of 1:20. The
temperature was raised from 40 to 60 °C and maintained at this temperature for 60 min.
The mordanting process was based on the method reported by Oh (2002). The mordants
contained 3% (o.w.f.) each of aluminum, copper, and iron, and the mordant bath ratio

Page 3 of 15
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Gardeniajasminoides 400 g
A o
Extraction: 70% EtOH (4 L), 2 weeks
L

Filtering : filter paper (pore size : Spm)
2

Concentrationto 50%
by using Clevenger-type apparatus
L

Dyeing (extract: DW =1: 20,40 °C ~ 60 °C, 60 min)
8

Mordanting(extract: DW =1 : 30, 3% mordant, 40 °C, 20min
B

ﬁ

Fabric analysis for dyes Antibacterial analysis of dyes
(dye uptake, surface color, fastness)

Fig. 1 Flow-chart outlining the process employed to dye cotton and silk fabrics using a G. jasminoides extract

was 1:30. The cotton and silk fabrics were placed in the water bath and subjected to mor-
danting at 40 °C for 20 min. After dyeing, the fabrics were washed and air dried (Fig. 1).

Measurement of the dye uptake

The dye uptake (K/S) values of the cotton and silk fabrics were measured using a spec-
trophotometer (CM-700d spectrophotometer, KONICA MINOLTA, Osaka, Japan).
The surface reflectance of the dyed fabric was calculated at the maximum absorption
wavelength using a D65 light source and a 10° field of view. The K/S value was calcu-
lated according to the Kubelka—Munk equation and evaluated as the dye uptake.

K/S = (1 —R)?/2R 1)

where K is the absorption coefficient of the dyed fabric, S is the scattering coefficient of
the dyed fabric, and R is the surface reflectance of the dyed fabric.

Measurement of the surface color

L* (The Lightness; 100 White to 0 Black), a* (The Redness-Greenness; + Redness to =
Greenness), and b* (The Yellowness-Blueness;+ Yellowness to — Blueness) values
were measured using a GretagMacbeth Color Eye 7000A spectrophotometer (CCM;
Grand Rapids, MI, USA) to determine the colors of the dyed cotton and silk fabrics
(Choi et al., 2023; Park, 2023). The color difference (AE,;) between the undyed and
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dyed fabrics was measured using the differences in the L*, a*, and b* values compared
to the raw fabrics (KS S 0205:2018).

AE, = [(AL*)Z + (Aan)? + (abe2] " )

Fastness measurements

The washing fastness, rubbing fastness, perspiration fastness, and light fastness were
measured and compared for the dyed fabrics. The washing fastness was measured
according to KS K ISO 105-C06:2012 using a Launder-o-meter (Koa Shokai Ltd.,
Kyoto, Japan), while the rubbing fastness was measured according to KS K 0650:2017
using a Crockmeter (AATCC Atlas Electric Device Co., Chicago, IL, USA). In addi-
tion, the perspiration fastness was measured according to KS K 105-E04:2010 using
a Perspiration Tester (AATCC, Atlas Electric Device Co.), and the light fastness was
measured according to KS K 105-B02:2014 using a Color & Color Difference Meter.
The color changes were evaluated according to KS KISO 105-A05:1996 (Instrumental
Assessment of Change in Color for Determination of Grey Scale Rating), while the
stain ratings were evaluated according to KS K ISO 105-A04:1989 (Method for the
Instrumental Assessment of the Degree of Staining of Adjacent Fabrics). The color
change gray scales and color staining gray scales composed of achromatic color charts
were used to determine color fastness. The color change and stain were evaluated
by grading based on the color difference before and after treatment. A spectropho-
tometer was used to quantitatively set the color difference between the color tables.
The color difference was calculated by measuring the reflectance at each stage with a
spectrophotometer and determining the tristimulus value of the color.

MRSA inhibition measurements

The inhibition of MRSA by the dyed fabrics (see Table 2) was evaluated using the method-
ology described by Choi and Kang (2015). For this purpose, 1x10° cfu/mL of the MRSA
strain (250 pL) was inoculated on samples of the dyed fabrics (5 cm x5 cm). After inocula-
tion, the bacteria were cultured in a 37 °C incubator (SLI-400, EYELA, Tokyo, Japan) for
24 h. The cultures on the dyed fabrics were then harvested and inoculated on BHI Agar
medium, incubated in phosphate buffered saline (PBS), and cultured in a 37 °C incubator
(SLI-400, EYELA) for 24 h. The bacterial colonies (colony forming units, cfus) on the incu-
bated BHI agar were measured, and the antimicrobial effect was calculated as follows:

Antimicrobial effect (%) = (A — B)/A x 100 (3)

where A is the bacterial count of the raw fabric, and B is the bacterial count of the fabric

dyed with G. jasminoides.

Statistical processing
The results of this study are presented as means+standard deviations, as calculated using
the statistical program SPSS (ver. 26.0). The mean values obtained for the experimental
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and control groups were tested for significance using an independent sample t-test at the
a=0.05 level, and the results are presented as the means + standard deviations.

Results and Discussion

Dye uptake of the dyed fabrics

Table 3 shows the K/S values of the cotton and silk fabrics dyed with the G. jasminoides
extract. Overall, the K/S values were higher for the silk fabrics than for the cotton fab-
rics. In the case of the cotton fabric, treatment with the iron mordant increased the dye
uptake only slightly, with no increased uptake being observed for the other fabric/mor-
dant combinations. These results indicate that both the cotton and silk fabrics dyed with
G. jasminoides extract can be dyed without using mordants. In addition, it was found
that the dye uptake was greater for silk than for cotton. Notably, Oh (2002) found that
the use of SnCl,-2H,0 and K,Cr,0, mordants increased the dye uptake slightly on both
cotton and silk fabrics, each producing different results (Table 3, Fig. 2).

Changes in the surface color

Table 4 shows the changes in the surface colors of cotton and silk fabrics dyed with the
G. jasminoides extract. For the dyed cotton fabrics, the fabric treated with the copper
mordant (83.1) exhibited the highest L* value, whereas the fabric treated with the iron
mordant (80.4) showed the lowest value. For the dyed silk fabrics, the fabric treated with
the aluminum mordant (77.9) demonstrated the highest L* value, whereas the fabric
treated with the iron mordant (68.1) had the lowest value. These results indicate that the
brightest dyed cotton and silk fabrics were obtained using copper and aluminum mor-
dants, respectively. Both fabrics exhibited their lowest L* values when the iron mordant
was employed, resulting in the darkest colors. Moreover, when the same mordant was
employed, the L* values were lower for the dyed silk fabrics than for the dyed cotton
fabrics. Consequently, the dyed cotton fabrics were lighter in color than the dyed silk
fabrics.

The a* and b* values, which represent the degrees of red and green, respectively,
were also examined. It was found that the cotton fabrics dyed with the G. jasminoides
extract all possessed a reddish color with positive a* values. The b* values were all
above + 36, indicating a yellowish color. Similarly, the silk fabrics dyed with the G. jas-
minoides extract exhibited a reddish color with positive a* values, and the b* values were

Table 3 K/Sand A, values of the dyed cotton and silk fabrics

max

Fabric Mordant Aax (NmM) K/S

Cotton No mordant 450 0.64+0.020
Aluminum 450 047+0.018
Copper 450 0.61+0.012
Iron 450 0.71+£0.011

Silk No mordant 450 3.94+0.013
Aluminum 450 2.72+0011
Copper 450 248+0.018

Iron 450 148+0.013
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K/S values of Dye uptake

K/S values of Dye uptake

0.8 1

Non-mordanting  Aluminum

Non-mordanting ~ Aluminum

Cotton

Silk

Copper

Copper

Iron

Iron

Fig. 2 Dye uptakes for the cotton and silk fabrics upon treatment with the G. jasminoides extract and

subsequent mordanting

Table 4 The L*, a* b* and AE,, values for the dyed cotton and silk fabrics

Fabric Mordant L* a* b* AEap Sample image
No mordant  81.3£0.21 13.4+0.15 52.7+0.18 52.4+0.12
Aluminum  82.4+0.15 11.9+0.12 50.9+0.19 50.1£0.20

Cotton
Copper 83.1£0.21 3.6+£0.22  37.4+0.15 35.6+0.13
Iron 80.4+0.16 37.4+0.14 36.4+0.20 36.4+0.11
No mordant  76.9+0.01 9.7+0.11  63.8+0.09 43.4+0.12
Aluminum  77.9+0.12 8.5+0.15  60.4+0.17 40.6+0.15

Silk
Copper 74.840.20 3.8+0.21  55.740.15 36.6+0.13
Iron 68.140.13 1.6+0.12  43.5£0.15 27.4+0.11

Page 7 of 15
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all above +43, indicating an extremely deep yellowish color. The color difference (AE,;)
between the raw and dyed cotton fabrics was also compared, and the largest color dif-
ference values were found for the non-mordanted samples, followed by those treated
with the aluminum, iron, and copper mordants. Furthermore, upon comparison of
the color differences between the raw and dyed silk fabrics, the largest color difference
values were found for the non-mordanted samples, followed by those treated with the
aluminum, copper, and iron mordants. These results indicate that both the dyed cotton
and silk fabrics exhibited the largest color difference values when no mordant was used.
The dyed cotton fabrics showed a lower color difference when the copper mordant was
used whereas the dyed silk fabrics showed a lower color difference when the iron mor-
dant was used. According to Jeon et al. (2003), dyeing with G. jasminoides is not affected
by mordants due to the ability of the dye to bond directly with the cellulose molecular
chains. Thus, in the present study, it was confirmed that the dyeing of cotton and silk
fabrics with G. jasminoides produces strong colors even without the use of mordants
(Table 4).

Comparative analysis of the color fastness

The color fastness properties of the cotton and silk fabrics dyed with G. jasminoides
extract were compared for the non-mordanted fabrics and those treated with the three
different mordants, as detailed below.

Washing fastness

Table 5 shows a comparison of the washing fastness properties of the cotton and silk
fabrics dyed with G. jasminoides extract, wherein it can be seen that under all condi-
tions, the color change was poor to moderate (levels 2—-3) for all cotton fabrics, while
the silk fabrics gave greater color change levels of 4 and 4-5 for the non-mordanted and
aluminum-treated samples, respectively. Notably, the color changes observed herein
were greater than those reported by Oh (2002), who described very poor color change in
cotton fabrics dyed with G. jasminoides (i.e., level 1), both with and without mordanting.
Similarly, a poor to moderate degree of color change was observed for their silk speci-
mens compared to the specimens examined herein (i.e., levels 2—-3). These differences
were attributed to the extraction methods employed in the two studies, suggesting that
ethanol extraction leads to greater color changes. Moreover, the results indicate that cot-
ton fabrics may be more susceptible to fading than silk fabrics when washed in water.

Table 5 Washing fastness characteristics of the dyed fabrics

Color fastness Mordant Cotton fabric Silk fabric
Color change  Stain Color change  Stain
Cotton Wool Silk  Cotton
Washing fastness No mordant ~ 2-3 4 4-5 4 4-5 4
Aluminum 2-3 4 4-5 4-5 4-5 4
Copper 3 4-5 4-5 3 4-5 4
Iron 3 4-5 4-5 3-4 4-5 4
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The washing fastness to stain was good to very good for the cotton fabrics (i.e., lev-
els 4-5) when the accompanying fabric was wool, while good to very good results were
obtained (level 4 for non-mordanted and aluminum mordanted; 4-5 for copper and iron
mordanted) when the accompanying fabric was cotton. Similarly, the washing fastness
to stain was good to very good for the silk fabrics (i.e., levels 4—5) when the accompa-
nying fabric was silk, and good (i.e., level 4) when the accompanying fabric was cotton.
In Chamaecyparis obtusa (C. obtusa) dyeing, the stain washing fastness of cotton fabric
was reported to be good to very good (i.e., levels 4-5) for both cotton and silk (Choi &
Park, 2023). However, in the current study, a lack of mordanting or aluminum mordant-
ing gave a level 4 stain washing fastness, which is lower than the results obtained for C.
obtusa, while copper and iron mordanting gave levels of 4—5. These results suggest that
G. jasminoides dyeing can be recommended on cotton fabrics when copper or iron mor-

dants are employed, resulting in a low stain washing fastness (Table 5).

Rubbing fastness

Table 6 shows the results of the rubbing fastness tests performed on the cotton and silk
fabrics dyed with the G. jasminoides extract. After drying, the rubbing fastness was good
to very good for both the dyed cotton and silk fabrics (levels 4-5). These results suggest
that the dyed cotton and silk fabrics were resistant to rubbing, both in their dry and wet
forms. These results are consistent with those reported by Kim et al. (2016), suggest-
ing that these fabrics can be dyed with G. jasminoides extract without using mordants
(Table 6).

Perspiration fastness

Tables 7 show the results of the perspiration fastness tests performed for the cot-
ton and silk fabrics dyed with the G. jasminoides extract. For acidic perspiration, the
degree of color change for the dyed cotton fabrics was poor to morderate (i.e., levels
2-3), and the acidic perspiration fastness to stain was moderate to good (levels 3—4)
when the accompanying fabric was cotton and good (level 4) when the accompany-
ing fabric was wool. For alkaline perspiration, the degree of color change of the dyed
cotton fabrics was also poor to morderate (i.e., levels 2-3), and the alkaline perspira-
tion fastness to stain was moderate to good (levels 3—4) when the accompanying fab-
ric was cotton and good (level 4) when the accompanying fabric was wool (Table 7a).
Furthermore, for acidic perspiration, the degree of color change of the dyed silk
fabrics was good to very good (i.e., levels 4-5), and the acidic perspiration fastness
to stain was moderate to good (i.e., levels 3—4) when the accompanying fabric was

Table 6 Rubbing fastness properties of the dyed fabrics

Color fastness Mordant Cotton fabric Silk fabric
Dry Wet Dry Wet
Rubbing No mordant 4-5 4 4-5 4
Aluminum 4-5 4 4-5 4
Copper 4-5 4-5 4-5 4
Iron 4-5 4-5 4-5 4




Kim et al. Fashion and Textiles (2024) 11:37 Page 10 of 15

Table 7 Perspiration fastness properties of the dyed cotton (a) and silk (b) fabrics

Color fastness Mordant Acidic Alkaline

Color change  Stain Color change  Stain

Cotton  Wool Cotton  Wool

(a) Cotton fabric

Perspiration fastness ~ No mordant ~ 2-3 3 4 2-3 3 4
Aluminum 2-3 3 4 2-3 3 4
Copper 3 3-4 4 3 3-4 4
Iron 3 3-4 4 3 3-4 4
(b) Silk fabric
Perspiration fastness ~ No mordant 4 3-4 3 4 3-4 3
Aluminum 4-5 3-4 3-4 4-5 3-4 3-4
Copper 4 3-4 3-4 4 3-4 3-4
Iron 3-4 3-4 3-4 3-4 3-4 3-4
Table 8 Light fastness properties of the dyed fabrics
Color fastness Mordant Cotton fabric Silk fabric
Light fastness No mordant 1 1-2
Aluminum 1 1-2
Copper 1 1-2
1 1

Iron

cotton, whereas it was also moderate to good (i.e., levels 3—4) when the accompany-
ing fabric was wool. For alkaline perspiration, the degree of color change was also
good to very good (i.e., levels 4-5), with the exception of the dyed fabric treated with
iron (Table 7b). The alkaline perspiration fastness to stain was moderate to good (lev-
els 3—4) when the accompanying fabric was either cotton or wool. These results indi-
cate that color change of silkfabrics is lower than that of cotton fabrics, although the
dyed cotton fabrics were less likely to stain wool than the silk fabrics. Notably, Oh
(2002) reported that the perspiration fastness of cotton fabric dyed with G. jasmi-
noides extract reached levels 3—4, which is higher than the grading reported in the
current study (i.e., levels 2—3). Similarly, they found that the perspiration fastness of
dyed silk fabric reached levels 4-5 in both acidic and alkaline perspiration solutions,
i.e., about ~ 1 level higher than in the present study. However, their findings that silk
fabrics exhibited superior perspiration fastness properties than the cotton fabrics are
in line with the results of present study. It seems to be because the crocin stain was
able to adsorb more readily on the cellulose surface of the cotton fabric (Table 7).

Light fastness

Table 8 shows a comparison of the light fastness characteristics of the cotton and
silk fabrics dyed with the G. jasminoides extract. It can be seen that the light fastness
properties of both fabrics were extremely low (i.e., levels 1-2) both with and without
mordanting. Overall, the dyed silk fabrics outperformed the cotton fabrics by ~ 1 level
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Fig. 3 Antibacterial abilities of the cotton fabrics dyed with the G. jasminoides extract. A: no dye +no
mordant, B: G. jasminoides dye, C: G. jasminoides dye + Al,(SO,); mordant, D: G. jasminoides dye + CuSO ,5H,0
mordant, E: G. jasminoides dye +FeSO,-7H,0 mordant. Three replicates were performed for each
concentration of the test extract. *p <0.001 was considered statistically significant, as determined by
independent sample t-test for the mean values different from the control group

Table 9 Bacterial counts on cotton fabrics dyed with G. jasminoides extract

No dye+no G. jasminoides G. G. G.

mordant jasminoides+ Al  jasminoides+Cu jasminoides + Fe
cfu (x 10%) 7629+9.11 15+0.23 0.0+0.00 0.0+0.00 02+0.14
Reduction of 0 99.8 100 100 99.9

the bacterial
count (%)

in terms of the light fastness results. Notably, Park and Yoon (2010) also reported
that the light fastness characteristics of dyed cotton and silk fabrics were extremely
low (i.e., levels 2—3) both with and without mordanting. This can be accounted for
by considering that natural carotenoids are unstable in solution and are particularly
susceptible to decomposition in the presence of heat, light, and acids (Cho & Kang,
2000; Kim & Kim, 1997). Notably, in a study by Kim et al. (2016), the light fastness
was improved through the use of an aluminum mordant and citric acid cross-linking.
However, as the light fastness was extremely low, color change was a significant issue,
and so it was recommended to dry the fabric in the shade after dyeing (Table 8).

Antimicrobial efficacy against MRSA

Upon examining the antimicrobial activities of the various cotton fabrics (Fig. 3,
Table 9), MRSA bacterial growth of 762.9+9.1 x 10 cfu/mL was observed on the raw
fabric. In addition, for the cotton fabric dyed with the G. jasminoides extract in the
absence of a mordant, bacterial growth of 1.5+0.2x10° cfu/mL was detected, indicat-

ing an antimicrobial activity of 99.8%. Following treatment with the aluminum, copper,
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Fig. 4 Antibacterial abilities of the silk fabrics dyed with the G. jasminoides extract. A: no dye +no mordant, B:
G. jasminoides dye, C: G. jasminoides dye + Al,(SO,); mordant, D: G. jasminoides dye + CuSO,-5H,0 mordant, E:
G. jasminoides dye + FeSO,-7H,0 mordant. Three replicates were performed for each concentration of the test
extract. *p < 0.001 was considered statistically significant, as determined by independent sample t-test for the
mean values different from the control group

Table 10 Bacterial counts on silk fabrics dyed with G. jasminoides extract

No dye+ no G. jasminoides G. G. G.

mordant jasminoides+ Al  jasminoides+Cu jasminoides + Fe
cfu (x 10%) 4182+359.2 510+194 0.0+0.00 0.0+0.00 132437
Reduction of 0 87.8 100 100 96.8

the bacterial
count (%)

and iron mordants, the antimicrobial effects of the dyed cotton fabrics reached 100,
100, and 99.9%, respectively, with corresponding bacterial growths of 0.0+0.0x 10
0.0+0.0x10% and 0.2+0.1x10% cfu/mL. These results indicate significant bacterial
growth inhibition against MRSA compared to the raw fabric (p<0.001), wherein the
effect of adding a mordant was insignificant (Fig. 3, Table 9).

The antimicrobial activities of the silk fabrics were also evaluated against MRSA,
as outlined in Fig. 4 and Table 10. On the raw fabric,c, MRSA growth reached
4182 +359.2 x 10° cfu/mL, and this value was significantly reduced in the dyed silk fabric
without mordant treatment (bacterial growth=>510+19.4x 10> cfu/mL), representing
an antimicrobial activity of 87.8%. Following treatment with the aluminum, copper, and
iron mordants, the antimicrobial effects of the dyed silk fabrics reached 100, 100, and
96.8%, respectively, compared to the raw fabric, with corresponding bacterial growths
of 0.0+0.0x10% 0.0+0.0x10% and 132+3.7x10® cfu/mL. These results indicate sig-
nificant bacterial growth inhibition against MRSA compared to the raw silk fabric
(p<0.001), although in this case, mordant treatment was found to enhance the antimi-
crobial effect (Fig. 4, Table 10).
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In a previous study, Oh (2003) determined the antimicrobial activities of cotton and
silk fabrics dyed with G. jasminoides extract against Escherichia coli. It was found that
the bacterial reduction rate was higher in dyed fabrics than in undyed fabrics for both
cotton and silk fabrics. In addition, mordanted fabrics demonstrated higher bacterial
reduction rates than the untreated samples. Although these results did not indicate an
antimicrobial effect against MRSA, they demonstrated an antimicrobial effect against
Escherichia coli. This activity was attributed to the fact that the flavonoids present in G.
jasminoides penetrate the bacterial cells and inhibit the enzymes involved in the syn-
thesis of nucleic acids and proteins, thereby stopping bacterial growth and proliferation
and ultimately leading to apoptosis (Kim & Song, 2001). Previous reports have showed
the presence of various active compounds in G. jasminoides, including flavonoids (e.g.,
gardanin), iridoids (e.g., genipin, geniposide, geniposidic acid, gardenoside, shanzhiside,
and methyl deacetyl asperuloside), and carotenoids (e.g., crocin, crocetin, quinic acid,
caffeic acid, and vanillic acid 4-O-B-D-(6’-sinapoyl)glucopyranoside) (Kim & Jang, 2005;
Kim et al., 2006, 2020; Shin et al., 2003).

Conclusions

This study investigated the color fastness and antimicrobial properties of cotton and silk
fabrics dyed using G. jasminoides extract, a natural dye. The color fastness properties
measured for the cotton and silk fabrics dyed with the G. jasminoides extract without
a mordant were compared with those of the dyed fabrics treated with three different
mordants. The results showed that the cotton fabrics were more susceptible to fading
than the silk fabrics when washed in water, and that the dyed cotton and silk fabrics were
less stained by washing. In addition, both the cotton and silk fabrics dyed with the G.
jasminoides extract were found to be resistant to rubbing, whether in their wet or dry
form. Furthermore, the perspiration fastness characteristics of the dyed silk fabrics were
similar for acidic and alkaline perspiration and comparable to those observed for the
dyed cotton fabrics. Overall, the silk fabrics were found to exhibit a higher color fastness
than the cotton fabrics. Moreover, in the presence and absence of mordant treatment,
the light fastness properties were low for both the cotton and silk fabrics. Overall, the
dyed silk fabrics outperformed the cotton fabrics by approximately 1 level in terms of
the light fastness properties, and the color fastness was not affected by the presence of
mordants. Subsequently, the inhibitory effects of the cotton and silk fabrics dyed with
the G. jasminoides extract were confirmed against MRSA, and indicating a significant
antimicrobial effect. The antimicrobial effects of aluminum sulfate, copper sulfate, and
ferrous sulfate mordants on the dyed cotton fabric were not significanty affected due
to the strong antimicrobial activity of the dye itself, although these mordants exhibited
significant antimicrobial effects in the dyed silk fabrics. These results indicated that the
G. jasminoides extract increased the antimicrobial activities of the cotton and silk fab-
rics against MRSA, and the color fastness was not affected by mordants. Overall, the
obtained results suggest that G. jasminoides, a natural dye demonstrating antibacterial
effects against antimicrobial-resistant bacteria, has the potential for use in hospital bed-
ding and clothing to significantly reduce the incidence of hospital-acquired infections.
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