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Abstract

This study was performed to suggest a novel method of sustainably dyeing textiles with biofunctions for skin

health by using natural seabuckthorn leaf extract. Mongolian seabuckthorn leaves were extracted in hot water
to create a solid dye powder to be characterized by UV/Vis and FT-IR, and its biological activities were
examined. A silk woven fabric was dyed with the seabuckthorn leaf extract under a variety of conditions to
identify optimum dyeing conditions along with color fastness. To assess the skin-friendly functions of the dyed
fabric, its UV-protective properties and antimicrobial activities were investigated quantitatively. As a result, the
fabric showed maximum dye uptake (K/S) under the conditions of 80 °C and 60 min, which was improved un-
der acidic conditions. The dyeing fastness mostly showed good and excellent grades in perspiration, rubbing,
and dry cleaning, while it showed a fair grade in fastness to light. The silk dyed at 30% or higher concentrations
showed superior UV-protective properties and provided excellent antimicrobial efficacy (99.9% bacterial re-
duction rate) against both S. aureus and K. pneumoniae. These results could be utilized in designing biofunc-

tional textiles by natural dyeing with seabuckthorn leaf extract.
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I. Introduction

With the development of science and technology,
the biggest change in the modern human life is the ex-
pansion of the range of application of functional mate-
rials together with sustainability centered on human
comfort as well as environmental circulation. The
global textile industry is responsible for having a seri-
ous environmental impact across the entire supply
chain of clothing and textiles, especially for lots of wa-
ter and air pollution from dyeing and finishing process
(Pizzicato et al., 2023).
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Natural dyes, which have come from plant, animal,
or mineral sources, are becoming a good substitute for
synthetic ones because natural dyes have been re-
vealed as showing various biological efficacy to help
improving human skin health as well as they’re envi-
ronmentally friendly and sustainable (Pranta & Raha-
man, 2024). Natural dye can be obtained from differ-
ent sources including plant, animal and minerals and
they have been considered as not only safe and reli-
able, but exhibiting pharmacological activities such as
antioxidant, anti-inflammatory, anti-cancer, anti-obe-
sity, anti-microbial, and anti-viral effects. Tradition-
ally, vegetable-originated natural dyes have been more
widely obtained from various parts of plants including
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roots, bark, leaves, flowers, and fruits (Verma & Gupta,
2017). And recently leaves from plants have been uti-
lized increasingly owing to their easy availability as
by-products or wastes, relatively abundant quantities,
and a variety of bio-functional components such as
polyphenol, flavonoids, and tannin which could con-
tribute to human skin health. Precisely numerous re-
searches have been performed to introduce natural sub-
stances from plant leaves which might be used as dyes
for textiles, for instances, in terms of banana leaves
(Repon et al., 2016), henna leaves (Rahman Bhuiyan et
al., 2018), Ipomoea batatas leaves (Fang et al., 2022),
green tea leaves (An, 2016; Ren, 2016; Sukemi et al.,
2019), Pomegranate fallen leaves (Haji et al., 2023),
and Acorus gramineus Solander leaves (Yang & Yi,
2020) as newly suggested potentials for natural dyeing
as well as indigo (Ebrahim et al., 2022; Lo, 2021; Oh
& Ahn,2011; Son, 2023) and Mugwort (Liu & Chen,
2012; Park, 2020; Rather et al., 2020) as in tradition
employed in textiles.

Seabuckthorn is a deciduous shrub belonging to the
family-Elacagnacease, which grows in a wide area
from Central Asia such as Mongolia to Europe and it
contains many valuable nutrients and bioactive sub-
stances (Buyukokuroglu & Gulcin, 2009). Although
seabuckthorn has been utilized mainly with its berries
in folk medicine since ancient, it is nowadays widely
utilized even in the area of food, beverage, nutritional
supplements, and cosmetics (Bosko et al., 2024).
Recently seabuckthorn berries and leaves have been
considered to be a rich source of bioactive substances
like isoflavones and flavonoids, which have various
beneficial effects on health, such as anti-atherogenic,
antioxidant, anticancer, and antibacterial effects
(Criste et al., 2020). Nevertheless, the leaves of
Seabuckthorn, as another abundant resource from sea-
buckthorn are not fully utilized (He et al., 2023).
Moreover there has been little reports about its appli-
cation into textile fields for dyeing and finishing com-
pared with other plant resources except only a few pre-
vious studies. Yogendra Kumar et al. (2016) reported
that ethanol extract seabuckthorn could be finished on
aramid fabrics mainly consisted of Nomex using

pad-dry-cure method finally to provide durable wash-
ability and antimictobial activity. Hot water extract of
seabuckthorn as a natural dye was applied on cotton
and nylon/PU woven fabric to optimize dyeing con-
ditions and to examine antimicrobial activity and
sun-protective property of dyed fabrics (Badmaan-
yambuu, 2022). However there has been rarely re-
ported about other textiles treated or dyed with sea-
buckthorn leaves extract.

Therefore, in this study, seabuckthorn leaves ex-
tract was employed for dyeing a silk woven fabric in
order to suggest a novel biofunctional textiles, Chemi-
cal characteristics and biological activities of seabuck-
thorn leaves extract were examined prior to dyeing
and the optimum dyeing condition for the silk with
seabuckthorn leaves extract was identified along with
pH adjustment, color characteristics, and dyeing fast-
ness. Finally biofunctional aspects of the dyed fabrics
were evaluated in terms of UV protection properties
and antimicrobial activity.

II. Experimental

1. Materials

As for a dye resource, seabuckthorn leaves grown in
west Mongolia’s central region were picked in early
August and they were dried thereafter crushed to be
brought to Korea. seabuckthorn leaves of 3.0 kg were
soaked in 60 liters of distilled water, and they were
three times extracted at 100°C for 3 hours using a low
temperature extractor (COSMOS-660, KYUNGSED
E&P, Korea). The extracted solution was concentrated
to 30% around of the initial amount at 80°C and then
it was powderized by a freeze dryer (SFDM 45L, Sam-
won Freezing Engineering Co., Korea) under the con-
dition of —40°C for 3 days. The final yield rate of the
powder was calculated as 14.72% as a solid dye. The
fabric sample used for dyeing was 100% silk char-
meuse and its specifications are presented in <Table
1>. For pH adjustment, the first grade reagents of citric
acid and NaOH were used.
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Table 1. Specification of fabric specimen

Fiber Weave

Weight (g/m?)

Thickness (mm) Fabric count (warpxweft/in?)

Silk 100% satin 68.2

0.18 231x261

2. Characterization and Biological Assess-
ment of Dye Extract

1) FT-IR Characterization

The FT-IR spectroscopy was employed to get its
spectra from the extracted dye using the KBr method
by measuring peaks in the range of 650 ~4000cm™ us-
ing an infrared spectrophotometer (FT-IR 4600, JASCO,
Japan). This analysis was carried out to assume the
components contained in powder dye.

2) UVyvisible Spectra Characterization

UV-responses of powder extract from seabuck-
thorn leaves were examined using an UV/visible spec-
trophotometer (UV/Vis spectrophotometer, Lambda25,
PerkinElmar, USA) and its spectral ranges were given
from 200 to 800nm of the wavelength.

3) Total Phenolic Content

The total polyphenolic contents of the hot water ex-
tract of seabuckthorn leaves were determined by the
Folin-Denis method (Folin & Denis, 1912). The ex-
tract solution of 1mL was diluted with 75mL of dis-
tilled water and it was mixed with Folin-Denis reagent
0.5mL and 35% Sodium carbonate 1 mL to be stored
in the dark for 30 minutes. Tannic acid of 10mg was
used as standard and the absorbance for the extracts
was measured using a UV/Vis Spectrophotometer
(X-ma 2000, Human Corporation, Seoul, Korea) at 760
nm. The experiments were carried out in triplicates
and the results were expressed in terms of mg of tannic
acid equivalents (TAE).

4) Skin Cell Viability

Natural dyes and pigments can be used with caution
as some of natural dyes are also toxic even though most
are non toxic. Cell viability testing helps determine if
the dye has any toxic effects on living cells, indicating
whether it’s safe for prolonged contact with human

skin as performed in previous works (Bartolini et al.,
2024; Réisdnen et al., 2020). The skin cell viability of
was assessed by MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium Bromide) assay. Immortal-
ized HaCaT (human keratinocyte cell) was incubated
in DMEM media with 10% of FBS added with 1% pen-
icillin-streptomycin in 96-well plates at 37°C and in
5% CO? atmosphere. Cultured HaCaT cells (1 x 10
cells/well) were plated in 96-well plates for 24 hours
and thereafter the extract of seabuckthorn leaves was
treated with varied concentrations (0.02, 0.2, 2.0. 20.0,
& 200 pg/mL) to each well to be incubated for another
24-hour term. After media was then removed, the
plates were washed by PBS (Phosphate butter saline)
and 5 mg/mL of MTT solution was added to each well
(200 pL/well) to get incubated for 25 min at 37°C and
under 5% CO,. The medium was then collected and the
wells were washed with 100 ul DMSO (Dimethyl sulf-
oxide). Using ELISA (Enzyme Linked Immunosorb-
ent Assay) reader (VERSAMax, Molecular devices,
USA), the absorbance was read at a primary wave-
length of 570 nm and a reference wavelength of 630 nm.

3. Dyeing Methods

1) Dyeing Conditions

The dyeing of silk was carried out using an IR auto-
matic dyeing machine (Perfect 24, Korea Science Co.,
Korea) under varied conditions including temper-
atures from 40 to 80°C, durations from 40 to 80 min,
and dye concentrations in the ranges of 10 ~100% on
the weight of the fiber (owf hereinafter). As for pH ad-
justment, each fabric sample was dyed under the pH
levels from 2 to 11 adjusted by a pH meter (Starter 3100
pH Bench, Ohaus, USA) by applying the first-grade
reagents of 1M citric acid and NaOH respectively.

2) Dye Uptake Measurement
As for dye uptake, the values of K/S were observed
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in the absorption wavelength range of 360-740) using
a spectrophotometer (CM-2500d, Minolta, Japan) on
the surface of the dyed fabric. The color strength or
dye uptake of a dyed fabric is usually expressed by its
K/S value by measuring the surface reflectance (R)
within the absorption wavelength range. The K/S val-
ue at a wavelength of maximum absorbance was cal-
culated by Kubelka-Munk (Eq. 1) for assessing dye
uptake depending on dyeing conditions. To identify
the dye absorption behavior of seabuckthorn leaves
extract on silk overall, the K/S SUM value at all wave-
lengths across the wavelength (Eq. 2) was calculated
considering previous studies (Ferreira et al., 2023;
Sarmandakh et al., 2017, Stépz’mkové etal.,2011; Tang
etal.,2019),

K/S=(-R)/2R; e Eq. 1.

K: Coefficient of absorption

S: Coefficient of scattering

R: Reflected light at wavelength

A: wavelength of maximum absorbance

A =700
KSSUM= Y KIS, - Eq.2.

A =360

3) Color Measurements

Under D65 light source, the values of L*, a*, b*, C*
of CIE at a 10° viewing angle were measured using a
spectrophotometer (CM-2500d, Minolta, Japan).
They were converted to Munsell notations of H V/C by
SpectraMagic NX PC software. To examine color dif-
ference values according to ASTM E1347-06(2020)
as shown in <Eq. 3>, CIEAE* was obtained for each
dyed sample. According to Practical Color Coordinate
System (PCCS), tone was determined for each dyed
fabric as well.

AE= J(ALF)?+(Aa*) +(Ab*)? -oee Eq. 3.

4. Color Fastness

The rubbing fastness of dyed silk samples was rated

depending on KS K 0650 (Korean Agency for
Technology and Standards [KATS], 2017) using the
crock-meter in both wet and dry conditions, while the
color fastness to perspiration was scored according to
KS KISO 105 E04 (KATS, 2019a) for four hours un-
der 37+2°C. The color fastness to dry cleaning was
measured based on KS K ISO 105-D01 (KATS,
2021a), and the color fastness to light was evaluated
according to KS K ISO 105-B02 (KATS, 2021b)
Xenon arc.

5. UV Protection Properties

The measurement regarding the UV protection
properties of silk fabric dyed with hot water extracts
from Ecklonia cava was done according to KS K 0850
(KATS, 2019b) using UV transmittance Analyzer
(Labsphere Co., USA), with Xenon Arc as the light
source, while the UV protection properties was pre-
sented in percentages by dividing the light source into
UV-A (315 - 400nm) and UV-B (290 - 315nm) based on
315 nm UV light. The UV protection rates were calcu-
lated according to the <Eq. 4> and <Eq. 5>, as shown
below.

UV transmittance (%) = (T/B) x 100~ +-+--- Eq 4.

UV protection (%) = 100 — UV transmittance (%)

T: UV transmittance through the fabric sample
B: UV transmittance without the fabric

6. Antimicrobial Activity

Klebsiella pneumoniae (MTCC 25922) and Sta-
phylococcus aureus (MTCC 25293) as representative
of Gram-negative bacteria and Gram-positive bacteria
respectively were used for testing antimicrobial effi-
cacy of seabuckthorn-dyed silk fabrics according to a
quantitative measurement (KS K 0693:2006). The visi-
ble bacteria colonies on the agar plate were counted
and the percentage reduction of the bacterium was cal-
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culated as follows (Eq. 6);

R(%) = (B-A)/B x 100 (%) - Eq. 6.

R : The percentage reduction of the bacterium

A : The number of bacterial colonies from test fabric

B : The number of bacterial colonies from control
fabric

II1. Results

1. Characterization and Biological Efficacy
of Seabuckthorn Leaves Extract

1) UV/Visible spectra

The characteristics of UV/Visible spectra of sea-
buckthorn leaves extract was shown in <Fig. 1>. The
maximum wavelengths were seen at both 246nm and
353nm. In general natural flavon and flavonol have
been reported to have the maximum absorption wave-
length at 220 ~400nm where those between 220 ~280
as Band I considered as associated with the presence of
a B-ring cinnamoyl system while those between 280 ~
400 as Band II absorption due to the A-ring benzoyl
system (Cho, 2004). Kwon et al. (2017) stated that an-
ti-inflammatory effect of seabuckthorn leaves might

be caused by some flavonoids. Accordingly, the result
showing the maximum wavelengths at both 246nm
and 353nm form UV/Visible spectra of seabuckthorn
leaves extract in this study confirmed that the extract
might have natural flavonoid compounds as the main
component which could contribute to biological effi-
cacy dyed fabric with seabuckthorn leaves extract.

2) FT-IR

FT-IR transmission spectra of prepared seabuck-
thorn leaves extract was presented in <Fig. 2>. They
exhibited main peaks at 3246.48cm™, 2916.56cm™,
1602.47cm™, 1493.12cm™, 1444.61cm™, 1326.55cm™,
1186.35cm™, 1047.36cm™,916.331cm™, 827.025cm™,
and 756.693cm™ . A wide peak shown at 3246.48cm’™
indicated the existence of phenolic hydroxyl group
(-OH) and a weaker peak centered at 2916.56cm™ see-
med to be characterized as C-H bands which are known
as frequently contained in organic compounds (Yi &
Yoo, 2010). A deeper absorption peak near 1602.47
cm” was assigned to C=0 asymmetric stretching vi-
bration as mentioned previously in a study about sea-
buckthorn leaves extract (Sharma & Deswal, 2018).
Both absoption peaks at 1493.12cm™ and 1444.61cm™
may be caused by C = C for aromatic groups and the

24
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200 300 400

500 600 700 800
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Fig. 1. Ultraviolet-visible spectra of seabuckthorn leaves extract.
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Fig. 2. FT-IR spectra of seabuckthorn leaves extract.

deeper absorption peaks between 1326.55~1047.36
cm’ were attributed to the stretching vibration of the
bonds formed between C—O in CO-H or C-O-C, which
was supported by a previous work dealing with sea-
buckthorn leaves extract (Liu et al., 2023). A wide
range of weak bands between 918.331~633.929cm™
was thought as corresponding to C—H stretching and
bending region of flavonoids rings in seabuckthorn
leaves extract. These results indicate that the extract
for dyeing silk as a natural in this study might contain
some organic compounds like flavonoids and phenol
which have been known as consisted of seabuckthorn
leaves. Moreover the organic compounds were ex-
pected as playing a role as any effective ingredients of
the dye contributing to bio-functions of dyed silk.

3) Total Phenolic Content

The amount of total phenolic contents of seabuck-
thorn leaves extract was determined as 29.08mg/g,
which was found as richer in total phenolics than a pre-
vious research reporting the contents as 2.47mg/g in
fat-soluble green tea extracts (An, 2016) while similar
to the quantity in eriobotrya japonica Lindl. of 28.91
mg/g (Jeong et al., 2009). This result leads to a con-
clusion that the total phenolic contents of seabuck-
thorn leaves extract could contribute to biological ac-

tivities of the dyed silk fabrics.

4) Skin cell viability of seabuckthorn leaves ex-
tract

Effects of seabuckthorn leaves extract on cell via-
bility of by MTT assay using immortalized HaCaT in-
cubated in DMEM were examined as shown in <Fig.
3>. At0.02pg/mL of seabuckthorn leaves extract con-
centration the viability rates of DMSO cell was clearly
higher than that of control, which indicates that sea-
buckthorn leaves extract were not cytoxic at the
concentration. From the concentration of 0.2pug/mL to
20pg/mL the cell viability showed slight decrease but
still similar to the rate of control. At 200pug/mL of con-
centration the cell viability rate was obviously reduced
showing much lower rate than that of the control. In
summary, it seems that extract of seabuckthorn leaves
might be dermal cytotoxic at least at much higher con-
centrations such as at 200 pg/mL. This result implies
that seabuckthorn leaves extract would not be toxic or
allergic to human skin, which is crucial to confirm the
extract’s safety prior to dyeing a fabric with it. Further-
more it could leads to the assumption that any dyed
fabric with seabuckthorn leaves extract might neither
be harmful nor have any potential toxicity.
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Fig. 3. Effects of seabuckthorn leaves extract on cell viability of DMSO.

2. Optimum Dyeing Conditions and Color
Characteristics

To optimize dyeing conditions of seabuckthorn lea-
ves extract, the silk was dyed under a variety of con-
centrations of dye bath, time intervals and tempera-
tures. The effects of dyeing durations on K/S at 360\
for both lower levels of 10%, 20%, and 30%, and high-
er ones of 80%, 90%, and 100% (owf) under the con-
dition of 80°C were presented in <Fig. 4-a> and <Fig.
4-b>. In <Fig. 4-a>, K/S values as dye uptake showed
increase at the slowest rate from 20min up to 60min
and seemed to reach equilibrium for 60min and 80min
at both 10% and 20% of dye concentrations while as
for 30% K/S value decreased slightly from 60 to 80
min. Under higher dye concentrations including 80%,
90%, and 100% in <Fig. 4-b> there were more obvi-
ous increases of dye uptake from 40 to 60 min showing
the value of 16.46 of K/S for 100% while any further
increase was not exhibited over 60 min except under
80%. This result means that the silk fabric reached the
range of tolerance to dyeing with seabuckthorn leaves
extract at around 60 min.

The impact of dyeing temperature from 40 to 80
°C on dye uptake was also investigated as shown in

<Fig. 5-a> and <Fig. 5-b>. The lower dye concentra-
tions such as 10%, 20%, and 30% did not exhibit any
clear differences in terms of K/S values along the tem-
perature levels as given in <Fig. 5-a>. On the contrary,
under higher concentrations including 80%, 90%, and
100%, the dye uptake values showed a tendency of
gradual increase as the dyeing temperature got higher
up to 80°C. This result may be caused by the fiber swel-
ling effects owing to higher temperature levels that im-
prove the dye diffusion and better dye uptake. Overall,
dyeing temperature seems to be more influential on
dye uptake under higher concentrations rather than
under lower ones. From these results, stronger dye up-
take was assumed as obtained at 80°C but any satu-
ration was not confirmed, which means more dye up-
take could be expected at temperatures higher than 80
°C. Nevertheless much higher temperature than 80°C
have been rarely employed in natural dyeing fields. By
that reason, 80°C was concluded as the optimum dye-
ing temperature of silk with seabuckthorn leaves ex-
tract in this study.

Finally, K/S values at 360\ as the wavelength of the
maximum absorbance and the sum of K/S (K/S SUM)
of all wavelengths between 360\ and 700\ were exam-
ined respectively depending on dye concentrations
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Fig. 4. Effects of dyeing duration on dye uptake (K/S) depending on dye concentrations (80°C).

from 10 to 100 % o.w.f. as given in <Fig. 6-a> and
<Fig. 6-b>. It is clear that the dye uptake of K/S values
increased with higher concentrations of dye bath. In
details, as dye concentrations increased from 10% up
to 40%, K/S values at 360\ rose up faster as seen in
<Fig. 6-a>. However after 40%, the dye uptake value
increased less rapidly up to 16.46 at 360\. The sum of
K/S would reflect general color intensity considering
throughout shades which might be caused from re-
flectance at all visible wavelength as depicted in some

previous works (Ferreira et al., 2023; Sarmandakh et
al., 2017; §tépe’1nkové etal.,2011; Tang et al.,2019).
As given in <Fig. 6-b>, the increase along with con-
centrations was seen similarly to the increase tendency
at 360A in that steeper increase up to 40% and slower
thereafter. Therefore, in this study, seabuckthorn lea-
ves extract might provide relative even shades to silk
woven and overall it could be confirmed that dye up-
take was processed proportionally to dye concentra-
tions little with equilibrium even up to 100%, which
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Fig. 5. Effects of dyeing temperature on dye uptake (K/S) depending on dye concentrations (60min).

leads to the conclusion that dye absorption behavior of
seabuckthorn leaves extract on silk might be in ac-
cordance to Freundlich isotherm (Elemen et al., 2012).
Consequently, the optimum dyeing conditions of the
silk fabric were determined as 80°C and 60 minutes.
The optimum dyeing conditions were employed for
further dyeing with pH adjustment, color fastness, and
biological assessments.

The colorimetric characteristics of the dyed fabric
under the optimum dyeing condition, were given along

with dye concentrations as shown in <Table 2>. The
values of a* and b* indicating redness and yellowness
respectively in CIE color space, showed both positive
values along the all dye concentrations, which led to
Yellow Red (YR) of hue notation in Munsell for all of
dyed fabrics and furthermore their YR shades seemed
to be nearer to Yellow rather than to Red. Consequent-
ly, silk fabrics dyed with seabuckthorn were thought to
develop YR color series at all concentrations from 10
to 100% owf. Owing to the increase of both a* and b*
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Fig. 6. Effects of dye concentrations on dye uptake (K/S) (80°C, 60min).

values with an increase in the dye concentrations, the
increases of both CIE C* and Munsell C representing
color saturation were obtained. It means that higher
dye concentrations could result in colorfulness rising.
Nevertheless the colorfulness by CIE C* and Munsell
C did not go over 30 and 50 respectively, which means
that the dyed silk might be still in lower saturation sim-
ilar to other fiber substrates dyed with some plant lea-
ves sources. On the other hands, the values of both CIE
L* and Munsell V, which signifies brightness, got low-

er as the concentration of dye bath increased with col-
ors being darken. Since the values ranged from 75.27
t0 59.54 for CIE L* and from 7.38 to 5.79, this can be
depicted as a medium brightness.

Accordingly, PCCS tone was also determined for
each dyed sample with compared visually to PCCS
tone chart. The lowest dye solution gave pale tone to
silk while highly concentrated solutions caused deep-
er and darker tones. Accordingly the range of dye con-
centrations from 10% to 100% was revealed as provid-
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Table 2. Color characteristics of dyed silk fabric depending on dye concentrations

Dye conc. Munsell . | PCCS .
%, owf) = = - = q v . AE e Photo of dyed fabric
10 75.27 323 16.21 16.53 | 934YR | 7.38 2.57 29.16 p
20 68.82 4.24 19.09 19.56 | 935YR | 6.72 3.06 35.73
Itg
30 65.42 4.73 20.80 | 21.33 | 943YR | 6.37 3.35 39.40
40 64.67 473 21.44 | 2195 | 934YR | 6.30 3.43 40.37
50 63.02 4.91 21.76 2231 | 954YR | 6.13 3.50 41.82
sf
60 62.16 4.98 22.19 | 22.74 | 9.59YR | 6.05 3.56 42.75
70 61.19 5.16 2291 | 2348 |9.63YR| 595 3.68 43.96
80 60.43 5.30 23.19 | 2379 | 9.58YR | 5.87 3.73 44.73
90 59.57 5.42 23.75 | 2436 | 9.65YR | 5.79 3.82 45.76 d
100 59.54 5.44 24.13 | 2474 | 9.70YR | 5.79 3.87 46.03

* color difference from undyed silk fabric
** p: pale, ltg: light grayish, sf: soft, d: dull

ing four different PCCS tones including pale, light
grayish, soft, and dull on silk. In summary, all of the
dyed silk fabrics with seabuckthorn were of a medium
brightness and low saturation, and they belonged to
YR series, while tones were varied from pale to dull
depending on dye concentrations.

3. Effects of pH on Dyeing Properties and
Color Characteristics

In order to examine the effect of pH on dye uptake,
dyeing according to pH was carried out under the dye-
ing concentrations of 10%, 30%, 50%, and 90% (owf),
as representatives chosen as for each tone (Fig. 7). Prior
to adjusting pH of dye solution, the unadjusted pH val-
ue of the solution by seabuckthorn leaves extract was
found as between 5 and 5.3, that is, slightly acidic. The
results showed that the higher the pH adjusted, the
lower the K/S values were shown on silk, while the

lower the pH, the higher the K/S values. This result
was partially supported by some previous works deal-
ing with protein fiber materials dyed with natural
plant dye sources (Fang et al.,2022; Ren et al.,2016;
Yang & Yi, 2020), which could be concerned as due to
the amino group (-NH3) among dye solutions coming
to have cationic properties which makes ionic bond-
ing stronger with anions from seabuckthorn leaves
extract resulting greater dye absorption. On the con-
trary K/S values decreased rapidly as alkalinity of dye
solution got stronger at pH 7 over, which implies that
ionic bonding force between fibers and seabuckthorn
leaves extract seemed to get less strong. In summary,
seabuckthorn is assumed as a proper acidic dye for
protein fibers such as silk from the result that the dye
uptake of silk is stronger under acidic dye solutions.

Color characteristics of silk dyed under the opti-
mized conditions and a variety of pH adjustment were
given in <Table 3>. Even when the dye solution is
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Fig. 7. Effects of pH adjustment on dye uptake depending on dye concentrations.

Table 3. Color characteristics of dyed silk fabric depending on pH

CIE Munsell
D pH AE* I Photo of dyed fabric
(%, owd) | & | b | ¢t | H | Vv | C tone
2 64.77 5.19 20.45 21.09 [9.07YR| 6.31 3.35 12.60 st -
3 68.93 437 19.57 | 20.05 |9.36YR| 6.73 3.14 8.41 sf
10
4 73.84 3.54 17.18 | 17.54 |9.34YR| 7.23 2.73 291 Itg
5 76.20 3.24 15.50 15.84 |9.12YR | 7.47 2.48 - p
2 56.00 6.10 22.62 | 23.43 |9.19YR| 543 3.71 11.24 d -
3 59.61 5.92 23.17 | 2391 |9.22YR| 5.79 3.80 7.97 sf -
30
4 64.69 4.77 21.41 | 21.94 |9.54YR| 6.30 3.43 2.52 sf -
5 66.33 448 20.12 | 20.61 |9.46YR| 6.52 3.22 - Itg -
2 54.37 6.38 24.73 | 25.54 |9.41YR| 5.27 4.00 10.10 d -
3 56.64 5.82 24.02 | 24.72 |9.60YR| 5.50 3.87 7.67 d -
50
4 61.14 4.99 22.37 2292 [9.65YR| 5.94 3.59 2.81 st -
5 63.82 4.77 21.54 | 22.06 [9.57YR| 6.21 345 - sf -
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Table 3. Continued

CIE Munsell
Dye conc. pH e AE* 810 Photo of dyed fabric
(%, owf) I a* b* C* H \% C tone
2 51.05 6.76 | 2528 | 26.17 [9.41YR| 4.95 4.08 9.54 g
3 5424 | 646 | 2572 | 26.52 |9.53YR| 5.26 4.14 6.51 g
90
4 57.81 5.66 | 24.79 | 2542 [9.74YR| 5.61 3.97 275 g
5 6037 | 532 | 23.85 | 2443 |9.68YR| 5.87 3.83 - d

* color differences from dyed silk fabric without pH adjustment

** p: pale, ltg: light grayish, sf: soft, d:dull, g: grayish

strong acidic, the shades on the dyed silk were all
shown as YR. As for brightness and saturation, more
acidic state had a tendency to give lower CIE L* and
Munsell L while to show higher CIE C* and Munsell
C, which means deeper and more saturated shades
might result from stronger acidity. PCCS tone differed
according to pH even under an identical dye concen-
tration. Precisely, more variety of tones were obtained
under lower dye concentrations by pH adjustment.

4. Dyeing Fastness

<Table 4> shows the results of dyeing fastness of
dyed silk fabrics selected for each PCCS tone in the
way that an unadjusted dye solution was first con-
cerned and any pH-adjusted one was invited secondly
for each tone. As for the weakest tone, pale, only 10%
owf of dye solution without pH adjustment was em-
ployed for testing color fastness. The fastness to per-
spiration was found to be excellent, mostly at grade 4
or higher for every dyed fabric in terms of both
changes in color and the contamination of silk and cot-
ton, except for the grayish-toned silk at 90% (pH 4)
showing grade 3-4 for both color changes due to alka-
line and the contamination of cotton by alkaline sweat.
The fastness to rubbing under humid and dry con-
ditions was shown as excellent with grade 4 or higher
for both pale-toned under 10% and grayish-toned un-
der 90%; The grades of lightly grayish-toned silk un-
der 30% were 4; those of silk fabrics under 30%, 50%,

and 90% of dye without any adjustment of pH had 3-4
grades for dry rubbing while they did 4 for wet
rubbing. In terms of color fastness to light, grades 4 de-
picting good fastness were given to both paled and
light grayish-toned fabrics. Even though a lower grade
of 2 was assigned to grayish-toned silk under 90% of
dye at pH 4, dyeing fastness of silk with in this study
seemed as better when compared to the results by other
naturally dyed fabrics in some previous studies includ-
ing silk and cotton without any additives like a mor-
dant (Reponetal.,2016; Yang & Yi,2020). Regarding
to the fastness to dry cleaning, the most of dyed fabrics
were excellent in general with 4-5 grades except for
two different dull-toned silk (grades 3-4) and a gray-
ish-toned one (grades 2-3), which implies darker ton-
ed fabrics are likely to be poor in color fastness to dry
cleaning.

In summary, perspiration and rubbing fastness were
mostly graded as 4 or 4-5, which implies good and ex-
cellent for silk fabrics dyed with seabuckthorn even
under various dye solutions and pH adjustments. In the
case of color fastness to rubbing, light, and dry clean-
ing, a few dyed fabrics were scored as fair (3-4 or 3)
and especially the most dark-toned one as grayish was
thought to need an improvement for the fastness to
light and the color changes by dry cleaning because it
got a poor grade of 2 and 2-3 respectively. As for light
grayish, soft, and dull, pH-adjusted fabrics under low-
er dye concentrations were found as showing little dif-
ferences in dyeing fastness from unadjusted counter-
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Table 4. Dyeing fastness properties of dyed silk fabric (80°C, 60min)

PCCS tone & dyeing conditions | P lg sf d g
- pH4 - pH4 - pH3 - pH4

Dyeing fastness properties 10 10 30 30 50 50 90 90
Color change 4-5 4 4-5 4 4-5 4 4-5 4-5

Acidic . Cotton 4-5 4-5 4-5 4-5 4 4 4-5 4-5

Stain
o Silk 4-5 4-5 4-5 4-5 4 4 4-5 4-5
Perspiration

Color change 4-5 4 4 4 4 4 4-5 3-4

Alkaline Stai Cotton 4-5 4-5 4-5 4-5 4-5 4-5 4-5 3-4

tamn
Silk 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
) Dry 4-5 4 3-4 4 3-4 4 3-4 4-5
Rubbing

Wet 4-5 4 4-5 3-4 4-5 3-4 4-5 4

Light Color change 4 4 4 3 4 3 4 2
Color change 4-5 4-5 4-5 4-5 4-5 3-4 3-4 2-3

Acetate 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

Cotton 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

Dry cleaning Stai Polyamide 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

tain

Polyester 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

Acrylic 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

wool 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5

part in each identical tone. This result means that
pH-adjustment could be useful to impart higher color
intensity even with lower dye concentrations without
concerns of getting dyeing fastness degraded.

5. UV Protection Properties

The silk fabrics dyed with 10%, 30%, 50%, and
90% of dye solutions respectively were evaluated in
terms of UV protection performances. As presented in
<Table 5>, while undyed silk showed 10.8 for UPF in-
dicating the UV blocking effect grade is zero(0), this

figure increased significantly to 47.8 (very good) for
pale-toned silk under 10% of dyes and the other silk
fabrics with light grayish, soft, and dull of tones ex-
hibited all over 100 of UPF (excellent) with the grades
of 50+, representing very excellent UV protection
performance. As for UV cut ratio %, all of dyed silk
fabrics presented 96% or higher for UV-A, and 98% or
higher for UV-B. The silk fabric used in current study
was slightly thicker than other woven types of silk,
which might result in higher values of both UPF and
UV cut ratio than others. Nevertheless the undyed silk
fabric failed to have a practicable values for sun-pro-

Table 5. UV protection properties of dyed silk fabrics dependong on PCCS tones

PR s Dye conc. UV protection factor UV cut ratio (%)
(%, owf) UPF Grade UV-A UV-B
- Undyed 10.8 0 83.8 94.3
p 10 47.8 40 96.3 98.5
Itg 30 136.6 50+ 98.7 99.4
sf 50 211.5 50+ 99.2 99.6
d 90 266.9 50+ 99.4 99.7
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tective textiles. Owing to dyeing with seabuckthorn
leaves extract, UV-blocking efficacies of the dyed silk
were obviously improved. These results first seemed
as caused by darker and more intense shades by dyeing
with seabuckthorn leaves extract. Furthermore it could
be noted that flavonoids in the extract might contribute
to improving UV protection properties considering
some previous works (Ferreyra et al., 2021; Laoué et
al., 2022) which have reported some natural effective
components such as flavonoids, tannins, and anthra-
quinones have strong UV-absorbing property.

6. Antimicrobial Activity

Antimicrobial activities of silk fabric dyed with
seabuckthorn under 10% and 30% of dye solution re-
spectively were evaluated using S. aureus and K. pneu-
moniae as given in <Table 6>. As for 10% dyed silk

Table 6. Antimicrobial activities of dyed silk fabric
under 10% and 30% of dye concentrations

- - o
Dye Conc. Bacterial reduction rate (%)
0, .
(%, owf) S. aureus K. pneumoniae
Control
[ CZ (Control sample), After (18 £ 1) h ] [ ChZE(Control sample), After (18 + 1) h ]
10
30
LA Tt saple ), At (1 % 1) h A2 ) L 00 Tt saple ), At (1 + 1, 4R2 ]
99.9 99.9

fabric, bacterial reduction rate against S. aureus was
99.9% while 91.4% against K. pneumoniae, of which
both are fairly effective bacterial reduction rates against
the two bacteria. Antimicrobial activity of 30%-dyed
fabric was improved in that bacterial reduction rate
against K. pneumoniae raised up to 99.9% identical to
its rate against S. aureus, which leads to an assumption
that higher dye concentrations than 30% might provide
excellent antimicrobial efficacy. From these results we
could grant antimicrobial activity on silk fabric re-
garded as fairly acceptable as a bio-functional textiles
by dyeing it under the conditions of more than 10%
o.w.f. dye concentration of seabuckthorn leaves ext-
ract. In addition, considering that fastness rates of 10%
dyed fabric was good in general as discussed above, it
can be concluded that 10 % of dye concentration for
seabuckthorn is acceptable to prepare an antibacterial
silk fabric. However in order to obtain both antimicro-
bial activity and UV protective performance from sea-
buckthorn-dyed silk, 30% of dye concentration could
be recommended because 30%-dyed fabric showed
very excellent UV protection properties.

IV. Conclusions

In this study, seabuckthorn leaves extract was ex-
plored in terms of its potential use as a biofunctional
dye for a silk woven fabric. The extract was examined
for their chemical characterization and biological as-
sessment such as cell viability and total phenolic con-
tents and its optimum dyeing conditions, the effects of
pH adjustment, dyeing fastness for the silk were inves-
tigated. Furthermore UV protection properties and an-
timicrobial activity of the dyed silk were evaluated.
The results and their implications are as follows;

1. Through UV/Vis spectral observation and FT-IR
characterization, some of flavonoids compounds were
expected as contained in seabuckthorn leaves extract,
which was quantitatively confirmed in total phenolic
contents of 29.08mg/g while the extract was identified
as non-toxic by cell viability.

2. The silk fabric was optimized for maximum dye
uptake as 80°C for temperature and 60 minutes for du-
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ration and all of the dyed fabrics were colored with a
medium brightness and low saturation, and hue of
Yellow Red series, while tone were varied from pale to
dull depending on dye concentrations. Furthermore,
the dye uptake of silk was found as improved under
acidic conditions with stronger saturations and dark-
ness while staying in the shade of Yellow Red.

3. The dyeing fastness mostly showed good and ex-
cellent grades of 4 or 4-5 in perspiration and rubbing
fastness, and fair grade (3-4 or 3) in fastness to rub-
bing, light, and dry cleaning for silk fabrics dyed with
seabuckthorn leaves extract even under various dye
solutions and pH adjustments, which leads to the con-
clusion that various tones such as pale, light grayish,
soft, and dull could be obtained by varying the con-
ditions of dye concentrations and pH adjustment with-
out concerns of fastness degradation. However the
fastness to light needed an improvement in a future for
the most dark-toned silk because it received a poor
grade of 2 around.

4. As biofunctional features for skin health, UV pro-
tection properties and antimicrobial activity of the
dyed silk were evaluated depending on dye concentra-
tions. The dyed silk at 30% or higher concentrations
showed superior UV protection properties (a UV pro-
tection factor of 50 or higher). In terms of quantitative
antimicrobial activity, 30% and higher concentrations
were seen to provide excellent antimicrobial efficacy
of 99.9% as bacterial reduction rate against both S.
aureus and K. pneumoniae, which leads to the conclu-
sion that higher dye concentrations than 30% of sea-
buckthorn leaves extract might provide excellent anti-
microbial efficacy.

These results could contribute to designing biofunc-
tional textiles in respect of sustainability by employ-
ing seabuckthorn leaves extract for silk for high-val-
ued sustainable textile products in providing UV-pro-
tection and antimicrobial efficacy. In a future, natural
mordanting and any biologically compatible additives
to improve dye fastness need to be considered. Wash-
ing durability of UV protection and antimicrobial ac-
tivity is another area of interest.
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