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I. Introduction 

Ecklonia cava is a large brown algae that grows 

5-20 m underwater and is helpful in maintaining the 

diversity of marine organisms by providing unique ha-

bitats. Sea water temperatures typically range between 

12-25°C, and, in South Korea, Ecklonia cava is distri-

buted in areas where the sea temperature is relatively 

high, such as around Jeju Island, off the southern coa-

st, and the islands of Ulleungdo and Dokdo, which sit 

off the eastern cost of South Korea, the south coast of 

China, and the central coast of Japan. The survival en-

vironment of Ecklonia cava is changing due to the in-

crease in sea water temperature caused by coastal pol-

lution and climate change (Jo et al., 2016), as well as 

the environment in the distribution area or seasonal 

temperature, especially sea water temperature, which 

has influenced the morphometric characteristics of 

Ecklonia cava (Serisawa et al., 2002).

Jeju Island produces a massive 300,000 tons of Ec-

klonia cava every year, which is used in a wide range 

of areas, including food raw material, animal feed, fer-

tilizer, and medicine (Li et al., 2008). There is currently 

a significant interest in producing effective antioxi-

dants using Ecklonia cava to deal with oxidative stress 
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in the human body. Phlorotannins are bioactive deri-

vatives in Ecklonia cava that have polymerized phloro-

glucinol, and its various advantages in terms of biolo-

gic activity are known to the public, thus receiving at-

tention (Li et al., 2009). The advantages have been con-

firmed through phlorotannin studies on antioxidant 

function (Kang et al., 2004), cardiovascular protection 

function (Kang et al., 2003), antiviral effect (Ahn et al., 

2004), and the potential effects of alleviating Alzhei-

mer's disease (Choi et al., 2015). A previous study, which 

investigated the physiological use of hot water extracts 

from Ecklonia cava (Cho & Choi, 2010), analyzed and 

confirmed antioxidative properties, dinitrate scaveng-

ing, and alcohol metabolism efficiency.

Research on the biological properties of brown al-

gae, including Ecklonia cava, has already been acti-

vely conducted in the fields of food and medicine, but 

research on its dyeing properties using natural dyes 

that are friendly to the human body has been lacking. 

Natural dyeing, which is environment-friendly and has 

natural color characteristics, is drawing attention from 

the textile industry (Yi & Choi, 2009). So far, dyeing 

properties have been frequently investigated using land 

plants, such as polygoum tinctoria (Kim, 2010), sap-

pan wood, gardenia seeds, and gallnut (Park & Yoon, 

2010), as natural dyes. Many advantages regarding this 

approach have been discovered, such as antibacterial 

qualities and antialkalinity, but color research using 

marine resources as natural dyes has been lacking. The 

superior antibacterial and color properties of silk fab-

rics dyed using extracts from brown algae undaria pin-

natifida as natural dyes have been confirmed (Kim & 

Jeon, 2014a). Dyeing properties for silk, wool, and cot-

ton fabrics with extracts from Sargassum thunbergii, 

Hizikia fusiformis, and Sargassum horner were exam-

ined (Bak, 2010). The silk was dyed, while various co-

lors were expressed using a marine resource Lamina-

ria japonica (Kim & Jeon, 2014b) with some metal mor-

dants, in which excellent anti-microbial activity was 

exhibited. In general, a variety of se plant have been at-

tempted as natural dye resources for textiles and they 

seemed to have a potential to be functional dyes for 

skin health and to have ecological benefit.

As for dyeing textiles with Ecklonia cava, a pre-

vious study in which dyed cotton fabric using boiled 

extract of Ecklonia cava grown along the Jeju coast 

(Sarmandakh et al., 2017), reported excellent antibac-

terial properties. In the previous study (Sarmandakh 

et al., 2017), cotton showed Yellow Red of shade by 

dyeing with boiled extract of Ecklonia cava and it gave 

effectiveness of repeated dyeing on dye fastness. Ano-

ther previous study (Sarmandakh et al., 2018) has also 

attempted combination dyeing by adding Ecklonia ca-

va to a main dye stuff, persimmon fruit powder in or-

der to improve the stiff tactility associated with dye of 

immature persimmon. However Ecklonia cava has not 

been yet attempted as an ecological dye stuff for other 

textiles such as silk, nylon, and other fibers.

Accordingly, the present study investigates dyeing 

properties of Ecklonia cava on silk focusing on dyeing 

optimization for time and temperature, the fastness (ru-

bbing fastness, perspiration fastness, dry cleaning fast-

ness, and color fastness to light), UV protection prop-

erties, and deodorization of silk fabrics dyed using 

Ecklonia cava. The significance of this marine resour-

ce is that while it can both be used for natural dyeing 

and can protect the environment, it can also be created 

as a high value-added commercial product. The find-

ings will represent significant basic data regarding na-

tural dyes.

Therefore, the present study will explore the possi-

bility of a valuable marine resource Ecklonia cava as 

a natural dyeing material by suggesting optimal dye-

ing conditions for silk fabric in consideration of the 

temperature and time with Ecklonia cava powder dye 

obtained by hot water extraction followed by lyophi-

lizing, identifying the adjustment of mordanting pro-

perties and the pH level, and investigating functions, 

such as color fastness, UV protection properties, and 

deodorization.

 

II. Experimental

1. Materials

For the experiment, commercially available dried 
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Ecklonia cava (Chongm, Korea) was purchased. Ec-

klonia cava of 1.5 kg was soaked in 30 liters of dis-

tilled water, and it was extracted twice at 75°C for six 

hours using a low temperature extractor (COSMOS- 

660, Korea). The extracted solution was concentrated 

to 50% and then powderized by lyophilization (Ilshin-

biobase, Lyoph-Pride, Korea). The final yield rate of 

the dye powder was calculated to be 13.98%. The fa-

bric sample used for dyeing was 100% silk habutae, 

and its characteristics are presented in <Table 1>. 

For pH dyeing, the first grade reagents of citric acid 

(C6H8O7, Sigma‐Aldrich, cat. no. 40-061288-01) and 

Sodium hydroxide (NaOH, DAEJUNGcat. no. 28-08 

704-01) were used. Ammonium sulfate (AlNH4(SO4)2

· 12H2O, JUNSEI, cat. no. 28-00690-01), Copper 

(II) sulfate pentahydrate (CuSO4 · 5H2O, DAEJUNG, 

cat. no. 28-01506-01), and Iron (II) sulfate heptahy-

drate (FeSO4 · 7H2O, JUNSEI, cat. no. 28-06131-01) 

with the first grade reagents were added to post mor-

danting as mordants.

 

2. Dyeing Methods

The fabric samples were dyed using an IR automa-

tic dyeing machine (Perfect 24, Korea Science Co., Ko-

rea). The conditions were set to combinations of 60°C 

and 80°C for temperature, and 30 and 50 minutes for 

duration at 1:200 bath ratio. The dyeing bath concen-

tration were set to 20%, 40%, 60%, 80%, 100%, 200%, 

300%, 400%, 500%, and 600% depending on the wei-

ght of the fiber (owf hereinafter). 

The fabrics were dyed by adjusting the pH levels of 

dye solution from 2 to 12 using the first-grade reagents 

of 1M citric acid and NaOH. Post mordanting was 

done with a 3% mordant solution at a bath ratio of 1:50 

for 20 minutes at 40°C using Al, Cu, and Fe as mor-

dants. After dyeing, it was washed with water and air 

dried.

3. FT-IR Characterization

The FT-IR spectra of the extracted dye were obta-

ined using the KBr method, and peaks in the range of 

650-4,000 cm-1 were measured using an infrared spec-

trophotometer (FT-IR spectroscopy, Perkin Elmer, 

USA). This was done in order to determine whether 

the components contained in powder dye were hot wa-

ter extracts from Ecklonia cava.

 

4. UV/visible Spectra Characterization

UV-responses of Ecklonia cava powder collected 

by hot water extraction were measured using an UV/ 

visible spectrophotometer (UV-1800, Shimadzu, Japan) 

region spans the wavelength range from 200 to 800 

nanometers (nm).

 

5. Dye Uptake Measurement

The K/S values were obtained in the absorption wa-

velength range of 360-740λ by using a colorimeter 

(CM-2500d, Japan) on the surface of the sample and 

SpectraMagic NX PC software. The surface reflectan-

ce (R) within the absorption wavelength range was 

measured, while the K/S value of each wavelength 

within the absorption wavelength was calculated ba-

sed on Kubelka-Munk equation (Eq. 1).

 

K/S = (1 ‒ Rλ)
2/2Rλ ...... Eq. 1.

K: Coefficient of absorption

S: Coefficient of scattering

R: Reflected light at wavelength

 

6. Color Characteristics

Under D65 light source, the values of L*, a*, b*, C* 

Fiber Weave
Weight 

(g/m2)

Thickness

(mm)

Fabric count

(warp × weft/in2)

Silk 100% Plain 76 0.24 142 × 142

Table 1. Characteristics of fabric specimen
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of CIE at a 10° viewing angle using the colorimeter 

(CM-2500d, Japan), and they were converted to Mu-

sell H V/C by SpectraMagic NX PC software. By the 

principle of calculating color difference in <Eq. 2> , 

ΔE* was obtained for each dyed fabric. Using Practi-

cal Color Coordinate System (PCCS), tone were deter-

mined as well.

 

ΔE*={(ΔL*)2+(Δa*)2+(Δb*)2}1/2 ...... Eq. 2.

 

7. Color Fastness Measurement

The rubbing fastness of dyed silk fabric was eval-

uated according to KS K 0650-1:2017 (Korean Agen-

cy for Technology and Standards [KATS], 2017) using 

the crock-meter in both wet and dry conditions, while 

the color fastness to perspiration was evaluated de-

pending on KS K ISO 105-E04:2013 (KATS, 2019a) 

for four hours under 37 ± 2°C. The color fastness to dry 

cleaning was evaluated according to KS K ISO 105- 

D01: 2010 (KATS, 2021b), and the color fastness to li-

ght was performed based on KS K ISO 105-B02:2014 

(KATS, 2021a) Xenon arc.

 

8. UV Protection Properties

The measurement regarding the UV protection pro-

perties of silk fabric dyed with hot water extracts from 

Ecklonia cava was done according to KS K 0850:2019 

(KATS, 2019b) using UV transmittance Analyzer (Lab-

sphere Co., USA), with Xenon Arc as the light source, 

while the UV protection properties was presented in 

percentages by dividing the light source into UV-A 

(315-400 nm) and UV-B (290-315 nm) based on 315 

nm UV light. The UV protection rates were calculated 

according to the following <Eq. 3>‒<Eq. 4>.

UV transmittance (%) = (T/B) × 100 ...... Eq. 3.

UV protection (%) = 

100 – UV transmittance (%) ...... Eq. 4.

T: UV transmittance through the fabric sample 

B: UV transmittance without the fabric

9. Deodorization

The dyed silk fabric was prepared in a 10 cm × 10 

cm size, based on the gas detector tube method. The 

deodorization rate was measured four times at 30 mi-

nute intervals (30, 60, 90, and 120 minutes) by placing 

the sample in a 1L container at a temperature of 20°C 

with 65% humidity, injecting a 500μg/mL concen-

tration of ammonia (NH3). The deodorization rate was 

calculated using the following <Eq. 5>.

 

Deodorization rate (%) = (A-B)/A × 100
...... Eq. 5.

A: Gas concentration of blank

B: Gas concentration of sample

 

III. Results

1. FT-IR Characteristics of Hot Water extract 

of Ecklonia Cava

The results of the FT-IR spectra analysis regarding 

the characteristics of the hot water extracted Ecklonia 

cava dye were presented in <Fig. 1>. Peaks were ob-

served at 3,229 cm-1, 1,606 cm-1, 1,412 cm-1, 1,030 

cm-1, and 1,247 cm-1. The results were consistent with 

the findings of Venkatesan et al. (2016), who observed 

that the characteristics of AgNPs synthesized using 

Ecklonia cava involved reducing and capping agents, 

rather than traditional chemical synthesis method. The 

peak at 3,229 cm-1 indicates the appearance of poly-

phenol or polysaccharide -OH, while the peak at 1,606 

cm-1 represents the -NH bending vibration of amine or 

amide groups. The peak at 1,412 cm-1 is assumed as 

generated by the C-N stretching vibration of amine or 

amide groups. The 1,247-1 and 1,030 cm-1 absorption 

band signifies the stretching vibration of -C-O or C- 

O-C (Badmaanyambuu et al., 2018).

 

2. UV/visible Spectra Characteristics of Hot 

Water Extracts from Ecklonia cava

In <Fig. 2> the characteristics of the UV/visible 
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spectra of hot water extract of Ecklonia cava dye pow-

der with a concentration of 0.0125%wt in distilled wa-

ter were shown. The maximum wavelengths were seen 

at 234 nm and 272 nm. The maximum absorption wa-

velength of the natural phenols was seen at 220-285 

nm, as shown in a previous study (Venkatesan et al., 

2016). Ahn et al. (2004) stated that the main compo-

nent of Ecklonia cava is phlorotannins. Accordingly, 

the present study confirmed that natural polyphenols 

is the main component found in hot water extract Ec-

klonia cava powder. 0.0125%

 

3. Optimum Dyeing Conditions

In order to investigate the optimum dyeing condi-

tions of hot water extracts from Ecklonia cava for silk 

fabric, the fabric was dyed under various duration and 

temperatures. The silk fabric was dyed with both low-

er and higher concentrations, than 100% concent-

ration. The dye uptake K/S values given in <Fig. 3> 

Fig. 1. FT-IR spectrum of hot water extract from Ecklonia cava.

Fig. 2. Ultraviolet-visible spectra of hot water extract from Ecklonia cava.
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showed that the values at 60°C for 30 minutes increa-

sed at the slowest rate in the range from 20 to 100% as 

lower dye concentrations. Similar dye uptakes were ob-

served both at 20% concentration at 60°C for 50 mi-

nutes and at 80°C for 30 minute. However, with the in-

crease in dye concentration, the K/S values under 80°C 

for 30 minutes increased faster. The effects of the 

temperature and time on dye uptake were clearer with 

the increase in Ecklonia cava concentration. Overall, 

the highest dye uptake was observed at 80°C for 50 mi-

nutes of dyeing at lower concentrations. The K/S val-

ues at higher concentrations ranging from 100% to 

600% are also shown in <Fig. 3>. Smaller increases in 

K/S values were observed similarly to each other at 

60°C for 30 minute and at 60°C for 50 minute. In the 

case of the 80°C for 50 minute condition, however, the 

dye uptake more rapidly increased than in the other 

conditions. Consequently, the optimum dyeing condi-

tions of the silk fabric were determined to be at 80°C 

for 50 minutes when all the conditions at low and high 

concentrations were comprehensively examined. The 

optimum dyeing condition of temperature and dura-

tion found in this study is the same as that reported by 

Sarmandakh et al. (2017), who dyed cotton fabric with 

a boiled extract of Ecklonia cava.

4. Color Characteristics

The colorimetric characteristics of the surface of 

dyed silk fabric under the 80°C, 50 minute condition, 

which was the optimum dyeing condition, at 20-600%, 

were presented in <Table 2>. The values of a* and b*, 

which represent the redness and yellowness of CIE 

color values, respectively, were found to increase with 

an increase in the concentration of the dye solution. 

While Sarmandakh et al.'s (2017) study showed YR 

(Yellow Red) colors on cotton fabrics dyed with ex-

tract by steaming Ecklonia cava only at much higher 

concentrations of 500% and 700%, the present study 

did YR color series at all concentrations. Consequen-

tly, silk fabrics were thought to develop YR color ser-

ies, even at lower concentrations, compared to cotton 

fabrics.

In addition, the values of both CIE L* and Munsell 

V, which signifies brightness, decreased, with colors 

tending to darken as the concentration of dye bath 

0
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Fig. 3. Effect of dyeing conditions (dye concentration, temperature, time) on dye uptake.
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increased. In addition, CIE C* signifying the satura-

tion, increased, with the colorfulness rising. Accordin-

gly, PCCS tone was also expressed from the bright and 

thin tone to the dark and deep tone. Although the satu-

ration increased with an increase in the concentration 

of the dye solution, it was still in the low saturation, as 

the Munsell C values did not go over five. Since the 

brightness value ranged between 5.36 and 6.97, this 

can be described as a medium brightness. Consequent-

ly, reddish and yellowish colors become stronger with 

an increase in the concentration of the dye solution, re-

sulting in the tendency of increasing the saturation 

while decreasing the brightness. All of the dyed silk 

fabrics were of a medium brightness, low saturation, 

and belonged to YR series, while the tone changed 

from light to deep.

Now, with the optimized dyeing condition revealed 

above, that is, under the 80°C, 50 minute condition, 

mordanting and pH adjustment as well as UV pro-

tection and deodorization were evaluated for, 20%, 

40%, 80%, and 300% because they were the lowest 

concentrations for each PCCS tone (light, soft, dull, 

deep). On the other hands, color fastness evaluation 

was performed additionally for some dye concent-

rations if they showed identical tone to higher dye con-

centrations by employing mordants such as Al, Cu, 

and Fe. 

5. Effects of Mordanting and pH on Dyeing 

Properties

In order to examine the effects of mordanting and 

pH, post mordanting and pH adjustment were carried 

out at the lowest concentrations for each PCCS tone 

(light, soft, dull, deep), that is, 20%, 40%, 80%, and 

300% respectively. The K/S values of the dyed silk 

fabric mordanted with Al, Cu, and Fe using the post 

mordanting method were presented in <Fig. 4>. In the 

post-mordanting method, the dye is adsorbed onto the 

fiber, followed by the formation of an insoluble com-

plex with metal ions such as Al, Cu, and Fe (Deo & 

Desai, 1999). The dye uptake K/S value of the fabric 

mordanted with Fe was the highest, and the mordant-

ing effect appeared to improve with an increase in the 

concentration of the dye solution. Furthermore, the 

dye uptake K/S value of the fabric mordanted with Cu 

tended to increase as well, but this increase was small-

er than that of Fe-mordanting. The K/S value of the 

Dye 

concentration

(%, owf)

CIE Munsell PCCS 

tone
ΔE* Visual color

L* a* b* C* H V C

20 70.79 7.10 15.70 17.23 7.5YR 6.97 2.86 light 32.44

40 64.84 8.83 17.93 19.99 7.2YR 6.38 3.36
soft

38.59

60 62.14 9.68 19.07 21.38 7.1YR 6.11 3.61 41.52

80 60.21 10.31 19.67 22.21 6.9YR 5.92 3.77

dull

43.50

100 59.39 10.59 20.06 22.68 6.8YR 5.84 3.85 44.43

200 57.06 11.5 21.22 24.14 6.7YR 5.61 4.09 47.12

300 56.41 11.86 21.73 24.76 6.6YR 5.55 4.19

deep

48.01

400 55.55 12.04 21.94 25.03 6.6YR 5.46 4.23 48.85

500 55.03 12.25 22.23 25.38 6.6YR 5.41 4.29 49.46

600 54.48 12.41 22.32 25.54 6.5YR 5.36 4.32 49.99

YR: Yellow Red

Table 2. Color characteristics of silk fabric depending on dye concentrations
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fabric mordanted with Al was lower than that which 

was unmordanted in a low concentration of dye solu-

tion (20-80%), but it was a little higher when the con-

centration was 300%. Overall, however, the improve-

ment in the post mordanting K/S value was lower than 

that of Cu and Fe. These results may be due to the 

greater complex-forming ability of Fe and Cu ions 

with the dye molecules than that of Al. In summary, 

post mordanting with Cu and Fe affected the K/S val-

ues of fabrics dyed with hot water extracts from Ecklo-

nia cava, and the effects were more prominent when 

the concentration of dye solution was high. In partic-

ular, post mordanting with Fe was found to signifi-

cantly increase the K/S value of the dyed silk fabric, 

which is supported by some of natural dyeing resear-

ches on mordanting effects including one about un-

daria pinnatifida as a natural dye (Kim & Jeon, 2014a) 

as well as a research on natural dyeing on silk fabric 

(Sa et al., 2013).

The color characteristics of the post mordanted silk 

fabric are presented in <Table 3>. As mentioned earlier, 

the CIE a*, b*, and C* values, as well as the Munsell 

C value, become larger as the concentration of the dye 

solution increased for all post mordanting, while both 

the CIE L* value and Munsell V value tended to dec-

rease. Furthermore, all mordanting agents (Al, Cu, and 

Fe) developed YR color series without any change in 

hue even after mordanting, which is not identical to 

the results by previous studies dealing with other sea 

plants which reported that Cu mordanting has caused 

hue change to greenish (Kim & Jeon, 2014a, 2014b).

Generally such color changes by mordanting were 

most remarkable in Fe post mordanting as expected in 

<Fig. 4> above. Precisely these changes are consistent 

with the increase in K/S values after mordanting, with 

an increase in the concentration of the dye solution, as 

shown in <Fig. 4>. A careful examination of the PCCS 

tone revealed that lighter tones changed todarker or 

more saturated tones with an increase in the concen-

tration of the dye solution. Changes in tone from light 

to light grayish were observed after Cu and Fe mor-

danting at a 20% of dye concentration, while changes 

in tone from soft to grayish were observed when mor-

danted with Fe at 40%, a dye solution concentration. 

However, no change in the color tone of the dyed silk 

fabric by post mordanting was observed in the 80% 

of dye concentration. Lastly, the tone of the dyed silk 

fabric changed from deep to dark after mordanting 

with Fe under a 300%. Overall, ΔE*, which is the col-

or difference between mordanted and unmordanted 

fabrics, was found to be largest for Fe, followed by Cu 

and Al.

Dyeing according to pH was carried out at the dye-

ing concentrations of 20%, 40%, 80%, and 300%, 

Fig. 4. Effect of post-mordanting on dye uptake depending on dye concentrations.
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which were selected for each tone as the optimal dye-

ing condition at 80°C for 50 minutes. The K/S values 

of the dyed fabrics are presented in <Fig. 5>. Since the 

unadjusted pH value of the dye solution (that is, hot 

Dye 

concentrations

(%, owf)

Mordant
　CIE 　Munsell PCCS 

tone
ΔE*

  L* a* b* C* H V C

   20

None 70.79 7.10 15.70 17.23 7.5YR 6.97 2.86

light

-

Al 73.49 6.06 15.52 16.66 8.1YR 7.25 2.71 0.45

Cu 69.59 5.10 16.41 17.19 9.4YR 6.85 2.67 3.64

Fe 65.29 4.55 13.73 14.46 9.1YR 6.41 2.26
light 

grayish
7.82

40

None 64.84 8.83 17.93 19.99 7.2YR 6.38 3.36

soft

-

Al 66.26 7.84 17.92 19.56 7.8YR 6.52 3.22 0.49

Cu 63.14 6.97 18.45 19.72 8.8YR 6.20 3.16 3.25

Fe 59.63 5.22 14.79 15.69 9.1YR 5.84 2.47 grayish 8.46

80

None 60.21 10.31 19.67 22.21 6.9YR 5.92 3.77

dull

-

Al 61.39 9.29 19.75 21.82 7.6YR 6.03 3.64 0.71

Cu 58.33 8.28 19.74 21.41 8.4YR 5.73 3.47 3.16

Fe 53.66 5.95 15.69 16.78 9.1YR 5.25 2.66 9.30

300

None 56.41 11.86 21.73 24.76 6.6YR 5.55 4.19

deep

-

Al 56.01 11.18 22.62 25.23 7.5YR 5.51 4.19 1.21

Cu 52.29 9.88 21.56 23.71 8.1YR 5.13 3.86 3.84

Fe 45.71 6.42 15.82 17.07 9.0YR 4.48 2.65 dark 12.76

ΔE* is color difference values from unmordanted fabric (None).

YR: Yellow Red

Fig. 5. Effect of pH adjustment on dye uptake depending on dye concentrations.

Table 3. Color characteristics of silk fabric depending on dye concentrations and mordant types
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water extracted from Ecklonia cava) was between 

5.72 and 6.13, the results were examined based on the 

results of dyeing at pH 6. The results showed that the 

higher the pH, the lower the K/S values, while the low-

er the pH, the higher the K/S value. 

According to Bai (2008), in the case of silk fabrics, 

the amino group (-NH3) among acid dye solutions co-

mes to have cationic properties due to dissociative 

phenomenon, while Ecklonia cava extract forms ani-

ons by the dissociation of sugar due to hydrolysis, 

which makes ionic bonding stronger, resulting in gre-

ater dye uptake. On the other hand, dye uptake appears 

to decrease due to an increase in alkalinity of dye so-

lution, which increases the anionic properties of the fa-

bric, making ionic boding with Ecklonia cava extract 

difficult (Lee & Ko, 2010). Since the dye uptake of hot 

water extracts from Ecklonia cava is strongest under 

acidic conditions when dyeing protein fibers, such as 

silk fabric, it is considered to be an appropriate acidic 

dye for protein fibers in the majority of natural dyes 

(Lee & Ko, 2010).

The results of color characteristics by dyeing at pH 

2 to pH 12 at 80°C for 50 minutes at 20%, 40%, 80%, 

and 300% were presented in <Table 4>. When the dye 

solution is acidic, all of the colors were expressed in 

YR. As the alkalinity of the dye solution increased, the 

color changed from YR to Y, and other adjacent colors, 

which means yellowness increased. The brightness in-

creased while the saturation decreased, which resulted 

in fainter and weaker tones by PCCS. On the contrary, 

the acidity of the dye solution became strong, which 

resulted in all the colors being expressed in YR, while 

the brightness tended to decrease and the saturation 

tended to increase. Precisely, the soft tones produced 

at the dye concentrations of 20% and 40% were dull 

tones under a high acidic condition, while the dull to-

nes at 80% and 300% changed to deep tones when the 

acidity of the dye solution became stronger. 

pH 

value

Dye concentrations (%, owf)

20% 40% 80% 300%

H V C Tone H V C Tone H V C Tone H V C Tone

2 7.4YR 5.56 4.42 dull 7.2YR 5.32 4.53 dull 7.1YR 5.22 4.69 deep 7.3YR 5.13  4.81 deep

3 7.5YR 5.74 4.05 dull 7.2YR 5.49 4.28 dull 7.0YR 5.35 4.49 deep 7.3YR 5.28  4.73 deep

4 7.4YR 6.33 3.48 soft 7.3YR 5.97 3.87 dull 7.0YR 5.69 4.13 dull 7.2YR 5.47  4.52 deep

5 7.6YR 7.08 2.88
light 

grayish
7.5YR 6.47 3.40 soft 7.3YR 6.04 3.79 dull 7.0YR 5.57  4.30 deep

6 7.9YR 7.28 2.67
light 

grayish
7.7YR 6.72 3.19 soft 7.4YR 6.17 3.63 dull 6.9YR 5.60  4.16 dull

7 8.1YR 7.43 2.52
light 

grayish
7.9YR 6.89 3.04 soft 7.6YR 6.31 3.47 dull 6.8YR 5.58  4.08 dull

8 8.5YR 7.82 2.09
light 

grayish
8.1YR 7.20 2.74 soft 7.8YR 6.58 3.27 soft 6.9YR 5.61  4.06 dull

9 9.0YR 8.27 1.55  pale 9.0YR 7.87 2.17
light 

grayish
8.7YR 7.14 2.93 soft 8.1YR 6.05 3.88 dull

10 9.5YR 8.65 0.96  pale 10.0YR 8.32 1.63
light 

grayish
0.1Y 7.90 2.43

light 

grayish
9.4YR 6.78 3.70 soft

11 8.9YR 8.96 0.33  pale 0.5YR 8.70 0.99
light 

grayish
0.8Y 8.41 1.63

light 

grayish
9.7YR 7.37 3.20 soft

YR: Yellow Red, Y: Yellow

Table 4. Color characteristics of silk fabric depending on pH
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6. Color Fastness

The color fastness of each for a total of eight tones 

was evaluated by equally selecting the dyeing con-

ditions: 1) dye concentrations without additives to ea-

ch tone of dyed silk fabric; and 2) dye concentrations 

with additives, which is lower than anyone showing 

identical tone by additives. The results were presented 

in <Table 5>. The rubbing fastness under humid and 

dry conditions was found to be excellent, mostly at 

grade 4 or higher. As for the perspiration fastness in 

terms of changes in color due to acidic sweat, the gra-

de of silk fabric dyed at 20% under pH 4 was the low-

est showing 2-3 grade; silk fabrics dyed with Fe mor-

danting at 300% and those by Al mordanting or pH 3 

at 80% were middle grades of 3-4; and the rest were 

all grades 4 or higher, which were all good fastness. In 

terms of changes in color due to alkaline sweat, the 

grades of silk fabric dyed at 20% and pH 4 were 2-3; 

the grades of silk fabrics with Fe mordanting at 300% 

and those with Al mordanting or under pH 3 were 3-4; 

and the rest were all grades 4 or higher. As for the con-

tamination of silk and cotton by acidic and alkaline 

sweat, the grades were grade 4 or higher, which are all 

excellent. In terms of the results of dry cleaning fast-

ness, color changes and the contamination of silk and 

cotton were all excellent, with grade 4 or higher. Re-

garding color fastness to light, grades 3 or higher were 

scored for dyeing using a 20% dye concentration at pH 

8 and pH 10; the rest were grades 3 or lower. In terms 

of 20% dyeing, the color fastness to light of dyed silk 

fabric that had no additives was grades 2-3, but the 

grades improved to 3-4 after dyeing at pH 8 and pH 10. 

The fastness was again grades 2-3 when the fabric was 

dyed at pH 3, pH 4, and pH 5, showing no change. The 

color fastness to light of all fabrics treated with Al 

mordanting was grade 1, which was lower than for fab-

rics dyed in the same tone under different conditions. 

PCCS 

tone

Dyeing

condition

Rubbing
Perspiration Dry cleaning

Perchloroethylene
Light

Acidic Alkaline

Dry Wet
Color

change

Stain Color

change

Stain Color

change

Stain Color

changeSilk Cotton Silk Cotton Silk Cotton

pale 20% & pH 10 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4

light

20% 4-5 4-5 4 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 2-3

20% & pH 8   4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4-5 4-5 3-4

20& &   Al 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 1

light 

grayish

20% & Fe 4-5 4-5 3-4 4-5 4-5 3-4 4-5 4-5 4-5 4-5 4-5 1-2

20% & pH 5 4-5 4-5 4 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 2-3

soft

40% 4 4-5 4 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 2

20% & pH 4 4-5 4-5 2-3 4 4-5 2-3 4 4-5 4 4-5 4-5 3

40% & Al 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 1

dull

80% 4 4-5 4 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 1-2

20% & pH 3 4-5 4-5 4 4-5 4-5 3-4 4 4 4-5 4-5 4-5 2-3

80% & Al 4-5 4-5 4 4 4-5 4 4 4-5 4-5 4-5 4-5 1

deep 

80% & pH 3 4 4 3-4 4 4-5 3-4 4 4 4-5 4-5 4-5 1-2

300% 4 4-5 4 4 4 4 4 4 4-5 4-5 4-5 1-2

300% & Al 4-5 4-5 3-4 4-5 4-5 3-4 4 4-5 4-5 4-5 4-5 1

grayish 40% & Fe 4-5 4-5 3-4 4-5 4-5 3-4 4-5 4-5 4-5 4-5 4-5 1-2

dark 300 & Fe 4-5 4-5 3-4 4-5 4-5 3-4 4-5 4-5 4-5 4-5 4-5 2

Table 5. Color fastness grades of dyed fabrics depending on PCCS tones
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In the case of dye solutions of the same concentration, 

their tone was bright and the color fastness to light im-

proved when the alkalinity was strong.

In summary, rubbing, dry cleaning, and sweat fast-

ness were mostly grades 4-5 and in general dyeing 

with Ecklonia cava. In the case of color fastness to 

light, stronger alkalinity such as 20% under pH 10 and 

20% under pH 8 resulted in better fastness grades than 

other identically toned silk without any pH adjust-

ment. Mordanting seemed to have little effects on any 

fastness although it contributed to producing new 

darker tones including grayish and dark especially in 

case of Fe.

 

7. UV Protection Properties

Among the silk fabrics dyed with hot water extracts 

from Ecklonia cava, those dyed at 20%, 40%, 80%, 

and 300% concentrations representing each tone were 

evaluated for their UV protection properties. The re-

sults were presented in <Table 6>.

The UPF index, which indicates the UV blocking 

effect among silk fabrics without dyeing, was 6.7, but 

this figure increased significantly to 37.1 (very good 

protection) and 59.7 (excellent protection) when silk 

fabrics were dyed with 20% and 40% concentrations, 

respectively. The UPF indices of fabrics dyed at 80% 

and 300% were 110.7 and 213.3, respectively. The 

UPF indices of all the samples from soft to deep were 

50+, representing excellent protection. The result of 

the UV protection tests for dyed silk showed a UV cut-

ting rate of 93.3 or higher for UV-A, and 98.4 or higher 

for UV-B. In particular, the UV-A cutting rate of dyed 

silk fabric was significantly increased compared to 

undyed fabric. Undyed silk fabric in this study had 

lower UPF index (UPF: 6.7) than that of cotton coun-

terpart (UPF: 8.4) in Sarmandakh et al.'s (2017) study. 

Nevertheless silk fabric has obtained better barrier ef-

ficiency than cotton in the previous work in that silk 

dyed with a 20% concentration of Ecklonia cava ex-

tract showed 37.1 of UPF similar to the UPF by cotton 

fabric dyed with a 50% concentration solution (UPF: 

30.7). These results means that dyeing of silk with hot 

water extract from Ecklonia cava contributed to the 

improvement of UV protection rate of the silk even un-

der lower dye concentration like 20%. 

8. Deodorization

The deodorization results regarding the silk fabric 

dyed with Ecklonia cava extract were shown in <Table 

7>. Dye concentrations of 20%, 40%, 80%, 300% 

were chosen for each PCCS tone, that is, light, soft, 

dull, and deep. The deodorization of fabric dyed with 

low concentrations (20%, 40%, and 80%) was 98%, 

even after 30 minutes. Deodorization at a high concen-

tration of 300% was 99% or higher. All of the deodor-

ization measurements after 60 minutes were 99% or 

higher. These results implies that dyeing of silk with 

Ecklonia cava extract seemed to impart superior deodo-

rization efficiency to silk considering the deodoriza-

tion percentage of undyed silk of 70% around. There-

fore silk dyed with Ecklonia cava extract is expected 

to exhibit deodorization during its uses by reducing 

unpleasant odors that might arise from many different 

sources such as food, human sweat, smoke, and so on.

PCCS tone
Dye concentrations 

(%, owf)

UV protection factor UV cut ratio (%)

UPF Grade UV-A UV-B

- Undyed 6.7   5 71.7 90.4

light 20 37.1 35 93.3 98.2

soft 40 59.7 50+ 95.0 98.8

dull 80 110.7 50+ 97.2 99.3

deep 300 213.3 50+ 98.4 99.6

Table 6. UV protection rate of dyed silk fabric depending on PCCS tones
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IV. Conclusions

The present study investigated colorimetric charac-

teristics and fastness by dyeing silk fabric with hot 

water extracts from Ecklonia cava at 60°C and 80°C 

for periods of 30 and 50 minutes, with 20-600% and 

furthermore evaluated UV protection properties and 

deodorization efficiency of each differently toned silk 

by Ecklonia cava extract. The results were as follows.

1. In terms of dye uptake K/S value for silk fabrics, 

the dye uptake was the largest at 80°C for 50 minutes. 

This finding was set as the optimal dyeing condition. 

The fabric dyed with hot water extracts from Ecklonia 

cava including from low to high concentrations ap-

peared in all YR series even after post mordanting and 

pH adjustment which contributed to more saturated 

and darker tones.

2. The dyeing fastness mostly showed grades 4-5 

for rubbing fastness, dry cleaning fastness, and perspi-

ration fastness, which means dyeing silk with hot wa-

ter extracts of Ecklonia cava could exhibited very good 

fastness for rubbing, dry cleaning, and perspiration. 

However, the color fastness to light under the other 

dyeing conditions was poor, which calls for improve-

ments in a future.

3. In terms of UV protection and deodorization, silk 

dyed with more than 20% concentration showed good 

blocking ability of UV as well as deodorization rate. 

These results implies that the dyed silk fabric with less 

saturated tones such as light could be expected as a 

high value-added products, as the naturally dyed fab-

rics were found as protecting the skin from UV rays 

while also as blocking unpleasant smell.

These results lead us to the conclusion that dyeing 

with hot water extracts from Ecklonia cava on silk will 

be useful in providing UV protection property and de-

odorization efficacy to textiles as fashion materials 

with high-added values. More meaningful expectation 

is that various color tones from light to dark could be 

together with skin-health functions. If Ecklonia cava 

might be employed in dyeing industry of textiles uti-

lizing the result of this study, it could contribute to both 

a progress in eco-friendly textile dyeing in textiles and 

useful consumption of Ecklonia cava overabundant 

in the seashore.

In a future study, the influence of repetition of dye-

ing and another additives such as tannin to improve 

dye fastness to light is a further area of interest and the 

effect of laundry on UV protection and deodorization 

needs to be tested. Also in a future study, more varied 

fibers such as nylon and lyocell should be attempted to 

be dyed for wider application to textile goods.
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