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Effect of Mixed Dyeing Using Discarded Shiitake Mushroom Pin Extract
- Focused on Dyeability and Functionality -

Kyunghee Son'

Dept. of Fashion Design, Sunchon National University; Suncheon, Korea

Abstract: This study examined the dyeability and functionality of silk fabrics dyed using shiitake mushroom pins dis-
carded in large quantities on mushroom farms. FT-IR and UV-Vis spectral analyses showed that polyphenols and fla-
vonoids were present in the hot-water extract of shiitake mushroom pins. Optimal dyeing conditions for silk fabrics were
a dye concentration of 50% (v/v), dyeing temperature of 80°C, dyeing time of 60 minutes, and dyebath pH of 5.3. The
post-mordant method showed a greater effect on the increase in dye uptake and color change than the pre-mordant
method. Unmordanted fabrics appeared as a YR Munsell color. Except for the Cu-mordant, all post-mordanted fabrics pro-
duced a Y Munsell color. The FE-SEM/EDX analysis confirmed that the natural iron solution and mud contained various
metal ions. The Fe component was found to have the greatest effect on the dye uptake and color properties. The col-
orfastness of the unmordanted fabrics to washing, dry cleaning, rubbing, and perspiration was excellent (above grade 4),
whereas light was grade 3—4. In the case of post-mordanted fabrics with a natural iron solution, the colorfastness to wash-
ing, wet rubbing, and light improved by 0.5 grades. For post-mordanted fabrics with mud, the colorfastness to light and
sweat improved by 0.5 grades. The bacterial reduction rate for staphylococcus aureus in fabrics dyed with shiitake mush-
room pin extract was excellent at over 99.9%, the bacterial reduction rate for klebsiella pneumoniae was 98.1%, and the
deodorization rate was excellent at 90%. These results indicate that shiitake mushroom pins can be used as a sustainable,

functional natural dye.
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Table 2. Information of the synthetic mordant used
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Table 1. Characteristics of the fabrics used
Fiber contents Density Weight Thickness
(%) Weave  xflinchd)  (e/m?) (mm)
Silk 100 Plain 160 x 98 42 0.11

Code Reagent name Chemical formula Manufacturing company

Al Aluminium potassium sulfate dodecahydrate AIK(SOy),:12H,0

Cu Copper(Il) sulfate pentahydrate CuSO45H,0 Daejung chemicals & Metals Co., Ltd,
Zn Zinc acetate dihydrate (CH;C00),Zn2H,0 Korea

Fe Ferrous sulfate heptahydrate FeSO,7H,0O

Ti Potassium titanium oxide oxalate dihydrate C4K,04Ti-2H,0 Sigma-Aldrich Co., USA
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A : The number of bacteria recovered from the inoculated
control specimen incubated for 18hours

B : The number of bacteria recovered from the inoculated

treated test specimen incubated for 18hours
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Fig. 1. FT-IR spectrum of (a) shiitake mushroom pin extract and (b)
shiitake mushroom extract.
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Fig. 2. UV-Vis absorption spectra of shiitake mushroom pin extract and
shiitake mushroom extract.
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Fig. 3. Effect of dye concentration on the dye uptake of silk fabrics dyed
with shiitake mushroom pin extract (80°C, 60min).
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Fig. 4. Effect of dyeing temperature on the dye uptake of silk fabrics
dyed with shiitake mushroom pin extract (50%(v/v), 60min).
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Fig. 5. Effect of dyeing time on the dye uptake of silk fabrics dyed with

shiitake mushroom pin extract (50%(v/v), 80°C).
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Fig. 6. Effect of pH on the dye uptake of silk fabrics dyed with shiitake
mushroom pin extract (50%(v/v), 80°C, 60min).
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Table 3. Effect of pH on the L*, a*, b*, and H V/C value of the silk fabrics dyed with shiitake mushroom pin extract (50%(v/v), 80°C, 60 min)

* *

)

pH L a b H V/IC Sample
35 64.59 6.33 19.92 9.5YR 6.4/3.3
53 71.22 4.70 16.73 9.8YR 7.0/2.7
7.0 74.16 4.00 15.98 0.2Y 7.3/2.5
9.0 74.11 4.05 17.54 0.5Y 7.3/2.7
11.0 73.81 4.65 19.19 0.4Y 7.3/3.0
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Fig. 7. Effect of repeat dyeing on the dye uptake of silk fabrics dyed
with shiitake mushroom pin extract (50%(v/v), 80°C, 60min, pH 5.3).
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Fig. 8. Effect of mordanting on the dye uptake of silk fabrics dyed with
shiitake mushroom pin extract (dyeing; 50%(v/v), 80°C, 60min, pH 5.3).
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Table 4. Effect of mordanting on color properties of silk fabrics dyed with shiitake mushroom pin extract (dyeing; 50%(v/v), 80°C, 60min, pH 5.3)

& & *

Mordant Mordanting method L a b H V/C Sample
None - 71.22 4.70 16.73 9.8YR 7.0/2.7
Al 71.74 4.94 17.32 9.7YR 7.1/2.7
Cu 70.28 4.75 17.32 9.9YR 6.9/2.7
Zn 71.78 4.86 17.00 9.7YR 7.1/2.7
Pre- Ti 68.11 5.89 20.33 99YR 6.7/3.3
Fe 63.29 338 12.53 10.0YR 6.2/2.0
Iron solution 64.21 3.47 12.85 10.0YR 6.3/2.0
Mud 69.94 4.87 16.85 9.7YR 6.9/2.7
Al 69.78 3.83 19.37 0.5Y 6.9/2.5
Cu 65.36 232 15.99 2.1YR 6.4/23
Zn 69.57 3.87 16.06 04Y 6.8/2.5
Post- Ti 67.30 5.71 20.50 0.1Y 6.6/3.3
Fe 5832 0.86 10.43 3.1Y 5.7/1.5
Iron solution 59.61 0.72 10.12 33Y 5.8/14
Mud 61.10 2.77 11.23 0.6Y 6.0/1.7
Table S. Component analysis of iron solution and mud H|=3 34 9 FAAg R B E LS el = ARt =
Component (%) Iron solution Mud 2} FE2ANS o8t HM(Choi et al, 1999)IX= F=AT
C - 13.43 Zet=znt AxEE4 7] (induced coupled plasma  atomic
0 211 39.32 emission spectrometer) 45 Hlgo 2 Aol &E5hk= 2
Na - 0.14 el olal RO vigT ANBe] AT ARSI 2
M : 0.66 etk shglom, ZHEolu AF 94 F AE o HEg
Al - 13.29 A3 739-(Son, 202415 =A% Zekzrt 2R (induced
Si - 25.60 coupled plasma-mass spectrometery analysisyS 55t HEd
cl 0.74 0.02 F3He A Aol B FEol AR 283t 34
K 051 271 3 EAAL] PR JFS FALS B ol
Ti - 040 EIA RS AR 54 9 G A Bl B3
Fe 6620 443 wheA) AMg A EH SIS el Agelol wEe)
Ca 121 - Abgol 353 T F Ae Ao A7,
Zn 10.22 - AA| THEFE oHALS E83F G4 (Choi, 2016)91M = £
Total 100.00 100.00 AFelA] ARS-g s HA] o]9]e] Cr, Sn T2 WHAE AMg-3}
o & o BHAT APERS A AdTE FF FuA A
SV wske TR GRE Fo ARl T 9T we 3 o GAE A8l WAHE Ay 2MERS e B 5
o ¥ 4 ok A {0 NS W Fe FHGT 9 Zlolth EF B A7 AR AHgE Yot
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Table 6. Fastness to washing, dry cleaning, rubbing, and light of silk fabrics dyed with shiitake mushroom pin extract (dyeing; 50%(v/v), 80°C, 60min,

pH 5.3)
Washing Dry cleaning Rubbing
Post-mordant Color Stain Color Stain Light
Dry Wet (20hr)
change Cotton Silk change Cotton Silk
None 4-5 5 5 5 5 5 5 4 3-4
Al 4-5 5 5 5 5 5 5 4-5 3-4
Cu 4-5 5 5 5 5 5 5 4-5 4
Zn 5 5 5 5 5 5 5 4-5 3
Ti 5 5 5 5 5 5 5 4-5 3-4
Fe 5 5 5 5 5 5 5 4-5 4
Iron solution 5 5 5 5 5 5 5 4-5 4
Mud 5 5 5 5 5 5 4 3-4 4
Table 7. Fastness to perspiration of silk fabrics dyed with shiitake mushroom pin extract (dyeing; 50%(v/v), 80°C, 60min, pH 5.3)
Acidic Alkaline
Post-mordant Color Stain Color Stain
change Cotton Silk change Cotton Silk
None 4 5 4-5 4 5 4-5
Al 4 5 4-5 4 5 4-5
Cu 3 5 4-5 4-5 5 4-5
Zn 4-5 5 4-5 4 5 4-5
Ti 4 5 4-5 3-4 5 4-5
Fe 3-4 5 4-5 4 5 4-5
Iron solution 3-4 5 4-5 4 5 4-5
Mud 4-5 5 4-5 4-5 5 4-5
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A4S A = Ik 53] AAuigAe]l A Fojge 9
AL Fe Fuldx U3 ANAZES YepIL F
g Aol vaE] MEARE, Al nREEEE, 343 s
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98.1%= - 73 A VERUITE Eamsle e
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(Chien et al., 2016; Kitzberger et al, 2007). o}% ztz} =
719] Fe7E ZAA] 2 A ﬂgl 5 FEERZE &
o Peivks At FES & F AU & g
o A diek APAF(Kim et al, 2003)01] !

HT} oghe FEEC] 2% 9 2 A izl BF E2
g SAE Yeplle 202 29 D} b A e
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F2E us e ekl HIER o)Fold F39

o
= —

T FEE Al HE oeE FE= G A Y =2
& YeIATH(Lee et al, 2010; Sarmandakh et al., 2017).
T, gerAdo] kel dEX AppAle R 9 & I
(total K/S #k; <F 15)lle FrAFTetdl o
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Effjo](Kim, 2009) E7#A H FZ2EZ S 4 E ¥
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Aol FA8-0=7 da] o]&F A tH(Franco-Maass et al., 2019).
ok o] WAL FELs ST 248 AYERE o]
So] g B AW o]2 287 Sr]HED AL

= UL

3t AFEL R3PSk (Bessette & Bessette, 2001; Rai &
Tidke, 2005). & ®WAo] A g o] FAE AEd &
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Table 8. Antimicrobial activity of silk fabrics dyed with shiitake
mushroom pin extract

Reduction rate(%)

Dyeing

Staphylococcus aureus  klebsiella pneumoniae
Undyed 16.6 0.0
Dyed >99.9 98.1

100

60 -

Deodorization(%)

L

—m—Undyed —e—Dyed

40

20

30 60 90 120
Test time(min)

Fig. 9. Effect of elapsed time on the deodorization performance of silk
fabrics dyed with shiitake mushroom pin extract.
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