ISSN 1225-1151 (Print)
ISSN 2234-0793 (Online)
Journal of the Korean Society of Clothing and Textiles
Vol. 48, No. 3 (2024) p.511~527
https://doi.org/10.5850/JKSCT.2024.48.3.511

XIAL =X MRZAES 288 il A=A
MRATO| JAHM N} HUA X 2|0] Het
golz - YT - Ay
%%ﬂﬁmﬂﬂ°%§ﬂ“ﬁﬁﬂﬂﬂ%ﬁ¥%ﬁﬂ%ﬁ%&ﬂéb¥iﬁ%%$ﬁﬁ%,
“* ol st o) Fehak/ Sy ol Ao atu Ao g uAT L

Dyeing Properties of Bacterial Cellulose Fabric using
Gardenia Jasminoides, Green Tea, and Pomegranate Peel,
and the Effects of Protein Pretreatment

Yerim Hwang -

Hyunjin Kim™

- Hye Rim Kim™**

Dept. of Clothing and Textiles, Sookmyung Women's University
*Textile Innovation R&D Department, Smart Textronics Center, Korea Institute of Industrial Technology

Research Institute for Creativity and Convergence, Sookmyung Women's University
Received December 29, 2023; Revised February 20, 2024; Accepted February 29, 2024

Abstract

The aim of this study was to impart color to bacterial cellulose (BC) fabric using various natural plant-based
dyes-namely, gardenia jasminoides, green tea, and pomegranate peel. A protein pretreatment was also applied
to improve the BC fabric's dyeability and mechanical properties. The BC fabric's dyeing and mordanting con-
ditions when using plant-based natural dyes were determined by changes in the K/S values. The dyeability of
BC samples dyed with green tea or pomegranate peel improved when they were pretreated with soy protein iso-
late (SPI) prior to dyeing. Moreover, the SPI pretreatment was efficient in improving the BC fabric's tensile
strength and flexibility. This study proposes a method for dyeing BC fabric that uses plant-based natural dyes

and confirms the effects of the protein pretreatment on the

fabric's dyeability and durability.
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FEI= HiFo] 7hsskar, KA 3 (nonwoven) ] =
A3l A 0] 9lthSongetal., 2020). 55| BCE 2
2 4] AA71E T AR ol e 7hA T glol,
O AR] ROl A= 7S AT 4 iz 2R
AQF=E 31 ¢l th(Fernandes et al., 2021).
2 AT 7% WA A A7 T BC 241
8744 3ol sho], BC2] WG4 Aleksha g
C3AH Lhe P22 ol8) Aol Y, o
$-=5}th(Torres etal., 2019). 5 H-5 7S
BC hie 2 Aol o] F7Fo] Hol A @7t %
oz, YRS BelHon St o
Ao] 7}-53FcH(Song et al., 2018). BCo]| AHA)
Q7R ekl R S AL R BCO) 9
29 04 7|5 A4S T8 BCO)
Q4 Bhtol | o] £ FakBCS) s A WA
o] mLE 9o, o]4be] AR AT AL 4]
¥ Qo] hEBCY QA4 L G AR S 3
713} tH(Amorim et al., 2022; Kim et al., 2021a; Kim
& Kim, 2022; Shim & Kim, 2019).

2 Ao A= BCo AAHA=A A o] A
B ¥ v} gl X ZRH(Gardenia jasminoids), <*HGreen
tea), 41 774 A (Pomegranate peel)-& &-8-3f BCol| A}
& Sofah ) Fheh BCo| A2 A §3 A
a4 b2 e Aol o g B4 o 2(Abbactal.
2019; Leeetal.,2011), 57 A& A L3t AP AL =
BCo) 2404 3ol Ao Q17 &% 9lckDa
SilvaJr. etal., 2022). E=3FBCo]| 215 A=A M
A48 ke 7 W vl gk ujehA 27,
2k, A 77 S BCof| 2.8 A] BCO] A/ stof o3t
A7} 8 a st
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upapA] 2 Atof| A= BCo| T A A A e E =Y
staz etk AEZ e A A f= vl 7 d-S 539
AEE e AR 3o obv| = 7|(NHy) 7} =Y & of
FASHE HER, Sol2Q HAHRL o] 24
= ol FA ol FE 4 e Ao RuEY
(Lee & Jang, 2019). =31 BC+= Tl 2l 2 &) 2] of] 9] 3
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HtAd & =24 54 = A A E
1 E 31 Tk(Kim et al., 2021b; Wang et al.,
2017). o] E ALo] A= Kim et al.(2021b)T} Kim
and Kim(2023)2] A& Lol A 2hg H w2 4 4]
2] 2715 A-8-5ho] o 7 el A (Soy protein), S T
2] 9] 7}A| 91 U E H(Casein sodium salt), H Al 3}-9-
t](Mushroom powder) 2 BCE A ] g]5}a1, BC2 &
A apAE o] 3 W 94 A0 v A QRS Bl
s} #} st

wfebd B ATe] AL R, A2, w3 AR
S BCo| A= 284 A A mjd =1 o] AM
ol m A= FFE H =St gtk &4, T A A
A 27k BCO Gt Aol v A= FF-Z AESH
2p gk B3 GAIREBCY| o7& a2 o] &
| glst] flsl A 2= E g 7bstara gk

HfH4

II. A E 2y

e

1. A8 A Al

BCE= Al# %<1 SCOBY(Symbiotic culture of bac-
teria and yeast, Fermentaholics, USA) S 1| 8} ] vlj &F
&}l t} BC w9 A] &5 3 2~(Duksan Pure Chemical
Co., Ltd, Korea), ]| =(BD Bioscience, San Jose, USA),
AW FZE(BD Bioscience, San Jose, USA)S Bt 49l
W Ao 2 gk BCO AlE W ) A 5
A3 E H(NaOH, 98.0%, Duksan Pure Chemical Co.,
Ltd, Korea), o}FH| EAKC,H40,, 99.0%, Duksan Pure
Chemical Co., Ltd, Korea), I}AFSH=4(H,0,, 34.5%,
Duksan Pure Chemical Co., Ltd, Korea) & A}-8-5} %1 Th.

2= B g H) 9] 2] 2K(Garunara Co., Korea), =
Z}(Daehandaup Co., Korea), 415 7] Z(Bixa Botanical,
India) & o ake] Ab-akT). 2F A A Aol 355
MEHEE <Table 157} Pt} LR FLE
(AIK(SO4)2, 99.2%, Duksan Pure Chemical Co., Ltd,
Korea), Z-AFL2](11)(CuSO4-5H,0, 99.0%, Duksan Pure
Chemical Co., Ltd, Korea), A4 (11)(FeSO,4 7H,0,
98.0~102.0%, Duksan Pure Chemical Co., Ltd, Korea)
£ Ahg-sto] v istalch. Theld A A2 A, Bel o
W (Herbseoul Co., Korea), 7}A|<1(Sigma-Aldrich,
MO, USA), #31HAl 7}5(The Yeondu Co., Korea)E
Abg-steict.
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Table 1. Chemical structure of gardenia jasminoides, green tea, and pomegranate peel

Natural dye Colorant Chemical structure
Gardenia .
L Crocin
Jjasminoides
OH OH OH
o ., o
HO. R Ho, o " Ho. o
OH “'OH “OH
OH OH OH
catechin epicatechin epigallocatechin
Green tea Catechin OH OH
OH ©:OH
HO. HO. oH
\@"DH “OH
OH o OH OH o OH
H H
OH OH
epicatechin gallate epigallocatechin gallate
O OH
Pomegranate peel Ellagic acid OH O O OH
HO e}

Crocin: Adapted from Cho et al. (1998); Catechin: Adapted from Shin and Choi. (1999a); Ellagic acid: Adapted from Shin and
Cho (2001a)

24 W71 A, Az Al 9] BC9} g S 2 tific Co., Korea) ol 4] 30°C, 40kHz, 304£7}+ #] 2] & pH
T2 33ty )27 & 7F(Seoul, Korea) S H] a7 2. 39] of A EAF-§-H(HH] 1:5(w/v))oll BCE ¢ 1L, water
B2 ARG8T bath(BS-31, JEIO TECH Co., Korea)ol| 4] 50°C, 90rpm

[) BCO| A4t

BC+= Han et al.(2019) 2] "l o] whe} v oFsl ok
BCO| v SCOBY A div] Hu] 1:7(wiv)2
Hestrin and Schramm(HS) v} %< o]l SCOBYE € 1!
27:2°Col A 10217 3 7] wjFataich. BCS] ko] AF
S-SHHS vl o] 2L F 72 20g/L, FE 5g/L,
J W FEE Sg/lolth uiFE BCY A A 2| (A4, 3
&, 9= Han et al.(2019)2} Song et al.(2017) 2]
of ek W AT BCL] A H L oju] 1:5(wiv)2] %

R0 BCE 93 1057+ 220 421 5ich BCo] 9
-2 8%(vIV) FATSILHEF §-H( 8] 1:5(w/v))oll BC
£ 4 11, ultrasonic bath(WUC-D10H, DAIHAN Scien-
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O 2 9077t A 2|5kt BCY] EH-2- 0.5%(w/v) I}
Akl A ol (M H] 1:5(w/v)) ol BCE ¢ 1l water bath
of A 90°C, 80rpm ©. & 6057+ ] 2] 5} k. M= 2] 1}
A& 712 BC+= ©] 3 Original BCZ T g8}t

L:5(w/iv)ell ZF GAE 1~10%
%WW}ﬁﬁ%mTWH@
29 GAE @ ol sto] gt
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(Wiv) 9] S0l th &+ ©- & 20%(0.w.f.), H A
2 50%(0.w.f.), -G Tl 2 50%(0.w.f.)S 2+t
S} 11 ultrasonic batho]] 4] 30°C, 40kHz, 30-E-7F *]
of | z3}9{ch. Ehul A ol o] 18 IN 4b5)
£ 8902 AHg510] 2} Tl olo] pHE 1002 2
A5t T, water batho]] 4] 80°C, 20, 80rpm & &2 *] 2] 5}
ik BCe] £hald 7] 2] 2 919 AT g g gl
o] Original BCE Y 11 ultrasonic batho]| 4 30°C, 40
kHz, 30+ &<2F 23k &, water batho] 4] 30°C, 80
rpm, 1A]7F &<t A 2] 513t

m & N2

R T )

4) S oiE

BCO gM A, 1,3,5,7, 10%(W/V)8] 52 35
o H(MH] 1:5(w/v))o] Original BCE Y11, §M 2=
(30~90°C), &4 A]7K(10, 30, 60, 90min), &} o] pH
(pH 3, 5,7, 9) 272 H3}A] A water batho 4] 80rpm
% alsich. ol o Ao o, 5 A1), Fol oo
2 AFystgon, fadA S5 Al 3%0.wL), Cu
2%(0.w.f.), Fe 1%(0.w.f.) ©. 2 Z} 7} water batho]] 4] 40°C,
S0rpm, 2071 7] 2] 5F3 k. S| -2 94 A
off W FAIE F718ko] i & XS o] 5 A
9 ujelat BCL 7R <48k7 % 7](OF-22GW, JEIO
TECH CO., Korea)o| A 160°C, 557+ 0|2 &, 30°C,
24417H 0 BE o] 31 5to] A2 3HST).

5) SR2F L FHM =X
ozl 3 H AL B3l & A|(CM-2600d, Konica

Minolta Sensing, Inc., Tokyo, Japan)E A}-&35}o] &7
sholch AR G BCY ¥ M A=
% Kubelka-Munk4]-& AF&-5}o] K/SZHS Ak
FHMLS CCME AH8-31o] Munsell 2] 4 A
© 2 O] A Q1 A AHH), B &= (V), AHE=(C)
% t}. CIE Lab M 2}o]l ©J3}o] L', b" 3he &7

Ay
o
o

ol

]_

41 o 38
0%

3}
o},

Lo g

ol
3R

],

_ p)2
K/S:% ...... Eq. 1.

K : Absorption coefficient
S : Scattering coefficient
R : Reflectance coefficient

6) FEIR 24
@4 U A ANs BCO) sheby Pk
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FT-IR £337](Nicolet 1S50, Thermo Fisher Scientific,
Waltham, MA, USA)Z A}£-3) 54819 o0, =2
4,000~650cm ™ o A 4em ™' @] F|AFE 2 ATMEFGI T =
Aot AHEHL OMNIC L2 13(OMNIC  Series
Software, Thermo Fisher Scientific, Waltham, USA)-&
Ahgsho] HAlseT,

3

Mo
08

7) 7t

Q1A 74 5= = 1S0 13934-2:2014(Tensile properties of
fabrics — Part 2: Determination of maximum force using
the grab method) 1 2-& 7| &2 2 311 21, 5x10(cm)
o] A7) 2 Al A Afo] 22 WF ool ZHetUT)
017} o1& A8 7|(HZ-1007A, MMS TECH, Korea)=
gkl ow, ZH HEE R 53] 34 & ke Al
At

FAAL2 1SO 17235:2015(Leather — Physical and
mechanical tests — Determination of softness) 724 < 7|
zo@ sto] ZYFYUL 15 FAE HAEXB-
OTS-TF115, Dongguan Xinbao Instrument Co., Ltd,
Dongguan, China) & AM8-3} o0, ZF A|S&H F 53]
=% 5 Paake A4kt

)
02

) Az

AR = KSKISO 105-X12 48 7|20
3199 2™, Crock meter(Sungshin Testing M.C Co,
Korea)& AL-g-5o] 714] 012 ¥ 7 A6 T of gt &
o =29 KSKISO 105-A03 2L 7]20 2 B 7}st
ek

talo]Zald A== KSKISO 105-D01F4-&
7oz skglon, =eto]ZEd AlF 7](Sungshin
Testing M.C Co, Korea)E AF&-510] A|E & ZF A&7 9]
W g 522 KSKISO 105-A02 FALS 7|20 2 H7}
SHTh E3H ZF Al Aol gt 2 ¢ 555 KSKISO
105-A03 TFAS 7|20 2 Brlstd).
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<Fig. 1>& 2|2}, 52}, 4577 2o 22 BCe| 94
A, Aol o] w2 @aeFe] WishS K/SEHo® Ut
ehdl Aol

BCo] 2|2+ GA Al AN FI=7F 1%(w/v)oll Al 3%
(Wi 271kl whet dzkaro) 15w Z7tshol on,
10%(wi) T 1%(w/v)o] Bl 3ko] 1.8 Z7ksto] 2
o K/Sgto] ekt ek BCOJ b} ¢ 41 A ofli= o 35
ET7F 1%(wiv) ol A 3%(wiv)= S 7hekell mhet o 2heF
o] 2.54 75k 21, 10%(w/v) 2 T 1%(w/v)oll H]
ako] Aakol 3.4u) F7kskel Ao K/sgro] uhebyt
ok BCO 57 94 Aol el =7} 1%(whv)
ol 4] 3%(wiv)E Z7Fakol uhat g 2harol 1.1u) Z7t
skl o, 10%(w/iv) L wf 1.34] F71ske] 2o K/Sgk
o] tpetytet.
TR
A7) 87}
=2 74 &) 9,] AH

EHH S 71
TH(Gelin et al.,
2007). A&}, =2k, A7 A ZApAgE= =
Al(crocin), 718 71 (catechin), & 21 Ak ellagic acid) >
2, o] 7k A4 Aol gHE A7 BC O] =AY

7F 2P A B Galo] o Rofd Roz
TheREch B3 X4, 53, 457 Do) €3 BCO] 9
A A, A3 9ol BCY P24 B4 ] lat
o4 Fato] BYH 0R GeFS | Ao A7}
stk B AT s @A J e X2l S B3 BCY

ul Alehg 27} 2w gl ol 2 18 BC 467
& Ujitel 2 g Rol Belom FAHYS A0

2 AR = th(Abba et al.,, 2019; Shim & Kim, 2019;

Song et al., 2018). webA] N 9 =7} F7Fetof w)
o Qe 244 0 2 Z7hE % ik Tl A4,
s}, AR A4 A 10%(wA) =0l A KiSgto]
Z¥7¥ 11.46,10.32, 10.92 2 MA}o] Z5}1A] A M) 11, &
o 352 Z 1ol vls) @2Hepel S/t ot B, o
A AL S Tefste] BE ARl A 44 Ao =
£ 10%(w/v) = A A3}

Xt
S

2) M 2o m2 o

<Fig.2>+= X7}, &2}, A 57
ARCE R R
ehl Axtolch,

BCOJ %2} A4 A] @A 2= 7}30°C Y o 713
= K/8gkol yebgton, =71 s ol e J Ak
S7F8Al @il 23513 AshE Sl BCY =4 ¢
Al GA} 227} 30°Cof 4] 60°C = “5-ghol| whef ¢ 4
ol 1.24] = )l o, 2o K/Sgko] gHel= it
o|F g ASAALE Ao 2358 Hashs
7ol LERRTh BCS 4548 44 A 44 227}
30°Co) 4 60°C R A<l of el ko] 120 w64
)l om, 2 o) K/sgho] Lhebikeh. o] F 2m 2 A<
A AL GaieFo] @.5]8 Frash=s ool YERTh
olx= A2k, =Ah, A7 A G Al 80°C o] 4e] AL
oA Aol @A A a sk 712 A Aot
= Nt = A F o2, BCo M Alofl= A o=
Ao A GAo] 7hsothe EHQlstAtH(Cho et al,
1998; Shin & Cho, 2001b; Shin & Choi, 1999b). o] & gt
B BCO F22 EA o 7] A o= o4 H ok

Eéf:
2]

2lof| o] BC Y| Al
o] WElE K/SFreE

Nz O e

K/S (450nm)
K/S (450nm)

K/S (450nm)

3 5 7 3
Dye concentration (%)

()

Dye concentration (%)

(b)

3 5 7

Dye concentration (%)

(©)

7

Dyeing conditions: (a) liquor ratio 1:5, 60°C, 30min., pH 3.7; (b) liquor ratio 1:5, 60°C, 90min., pH 5;
(c) liquor ratio 1:5, 60°C, 30min., pH 3.7.
Fig. 1. Effect of dyeing concentration on K/S values of BC dyed with (a) Gardenia jasminoides, (b) Green tea,

and (c) Pomegranate peel.
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K/S (400nm)
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Temperature (C)

(©)
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/¥

K/S (400nm)

12} L\\‘ 12|
10 ' 10 /\‘
T et Ter £
¢ ¢
af al
2t 2
ol— L L L L L . ol— L L L . L .
30 40 50 60 70 80 920 30 40 50 60 70 80 20
Temperature (T) Temperature (T)
(a) (b)
Dyeing conditions: (a) liquor ratio 1:5, 10%(w/v), 30min., pH 3.7; (b) liquor ratio 1:5, 10%(w/v), 90min., pH 5;
(c) liquor ratio 1:5, 10%(w/v), 30min., pH 3.7.
Fig. 2. Effect of dyeing temperature on K/S values of BC dyed with (a) Gardenia jasminoides, (b) Green tea,
and (c) Pomegranate peel.
12
12} /’\_’4
= 10
10
8
14 4
R A N i
2| 2
0 0

L L L
30 60 90

Time (min)

(a)

30

Time (min)

(b)

60 90 30 60
Time (min)

(©

Dyeing conditions: (a) liquor ratio 1:5, 10%(w/v), 30°C, pH 3.7; (b) liquor ratio 1:5, 10%(w/v), 60°C, pH 5;
(c) liquor ratio 1:5, 10%(w/v), 60°C, pH 3.7.
Fig. 3. Effect of dyeing time on KIS values of BC dyed with (a) Gardenia jasminoides, (b) Green tea, and

(c) Pomegranate peel.
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H] 717 f18f Lo
of| Al &-83tBC= W&
Al ohg +271 B4 E
o= 4=7FBC A+
o]glo] YJafgFo] F7leh=
noz J&%%E}(Ban, 2004; Shim & Kim, 2019; Song
etal., 2018). E3F BC= =/ o] S-=3lE 2 A2
Az 7o S 9 o] T3] o] FojA= A2
& kgl cth(Reiniati et al., 2017).
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A, G4 Azbo] w2 g Atere] WshE K/Sgho® 1t
Ehl A o]},

BC] 24} &) A] G4 A|7ko] 1050l 4] 30502
Z7katoll whet @lztapo] 1.2u) WAbE oM, Ao
K/Szkol hepteh 12Ut 614 X|gbo] 304 23} 4]
o 131550 st 4ol deich B 43
27 Q4 Ao 94K Kbo] 10804 30807 %
bl whet i atero] 139 F7kskel 2icl Kisziol
Urehek o}, 4 x]7ko] 305 27} Ao = o 2ol
A5 91k BCO] 53 9141 A] @141 A|7ko] 10304
308.0.2 Z715ko] uet dztao) Lev) Z7hakglo
w, 90591 uj 1.84) Z7}5}o] 2] K/sgro] repitet.
whak A 2|2, 7, A 5ol o g BCe] 94 Al o
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XIXL =7 A&

HHHIZIOL 2EZ2A M7 AT

Ay HEMa Mo ¥

]

8 A17k0] Z7Fgrel whek BCSE @ & 7o) 44 AT
whY ks Aol BukshA dofubnl, A4 u AR
CECEREEEE T ERPIERE RS LE)
e CER s )

4) oyol pHoj 2 Ak

<Fig. 4> X2}, 53}, 477 Wl o3 BCO] @AY
A], go1e] pHel w2 ¢ 2teke] Wshs K/Sgho.w i

bl Aol ek,

<Fig. 4(a)>%} <Fig. 4(c)>o]l Lheh uhe} o] BCE]
A2 9l AR A A, Gl o] pH 3o A 7hg e
Azleko| el o, pHY} ol A48 Jxeke
2} AT et o 2 1y ulel e A EA ME
RoAHHE MY 2UNN AER LA P27} &
o] o] of 2] uh, BC pH 39| v kol of 4]
ZAbo| Abst g ] of A ATE & Ahg 27l of gt
ol ol AP R M E B2 © 2~ 20| i
¢lo] g M o] 745-8lth(Castro et al., 2012). wehA] K/S
ZF =7 A3, BCO XA W A =272 A A] ool o

]

ut

274 pH=pH 302 A5 3let.
<Fig. 4(b)>°f| Lteb Hp2} ZHo], BC O] 2k G A] A
AN pHol| wh2 K/S7Ee] sk 24 ebub] ¢hok
O}, A O] 3k} 2191 E] 9l t}. <Table 2>1= BCE]
=3 A A pH 24 ol w2 UL, a', b, H, V,C,
AR S Vb Aot =2t A% BCY| #
] ﬂ% QFe 2 2k A, pH 30 4] += =74, pH 50
A= 2, pH 72} pH 90| Al = A A o 2 3
Qitt. o] 83t AT} <Table 2>9} <Fig. 5>9] o', b" 4}
I l?‘&E} 53] H g1 pH 39]4] 2.0Y, pH 9¢ 4]
29YRE UEtytow, pH7 S7he= 2 o] M4
o] yellowish red 2 ¥ 3}t 2 719} A x| 3tct VEET C
%42 pH 3~7¢] H]5lof pH 90| A] Zhaxslo] v = o} A
7t R QA o2 o]Fal gebA eyt o] g
S pHo| whg =2f 4 o] A4} W ok ] ool
A 7 719] 2 Wsto] ofgh A4t WSt ek o
(Kim et al., 2008). wh2tx] BCO] =52} 4] A] ¢ H o] 2
% pHE=K/SZko] =21 71|71 9] 4L & W37} 42 pH
58 AAstqict.

L

Fl

o]

&\\\\\“\\\

K/S (450nm)

\,,\

K/S (400nm)

L
7
pH level

(@

L
5

pH level

(b)

L
7
pH level

©

s s
7 5

Dyeing conditions: (a) liquor ratio 1:5, 10%(w/v), 30°C, 30 min.; (b) liquor ratio 1:5, 10%(w/v), 60°C, 90 min.;
(c) liquor ratio 1:5, 10%(w/v), 60°C, 30 min.
Fig. 4. Effect of dyeing pH on K/S values of BC dyed with (a) Gardenia jasminoides, (b) Green tea, and

(c) Pomegranate peel.

Table 2. L*, a*, b*, H, V, C, KIS values and coloration of Green tea dyed BC by various dyeing pH

pH L* a* b* H v C hmmem K/S Photo
3 48.65 6.04 2907  20Y 479 434 400 9.92
5 42.13 9.98 2516  96YR 417 412 400 1032
7 4127 1048 2246  86YR 408 3.81 400 10.22
9 3472 1544 1603  29YR 344 3.86 420 1038

Dyeing condition: liquor ratio 1:5, 10%(w/v), 60°C, 90 min.
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Dyeing condition: liquor ratio 1:5, 10%(w/v), 60°C, 90 min.

Fig. 5. Effect of dyeing pH on a*, b* values of BC dyed
with Green tea.
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Table 3. L*, a*, b* and H, V, C, KIS values of Gardenia jasminoides dyed BC by different mordants and mordanting

methods
Mordant Method I a* b* H A\ C Amax(nm) K/S Photo

- - 5262 3541 5109  37YR 528 1080 450 1247 R
Pre 6230 1628 5921 0.7Y 6.24 9.43 450 917 | N

Al Meta 5558 254 5413 713YR 5.57 9.76 450 1150
Post 6320 2501 6734  8.6YR 636 1146 450 120 s

Pre 5862 1898 5491 9.7YR 5.87 9.08 450 949 I

Cu Meta 5554 2070 5620  93YR 5.57 9.41 450 1291 S
Post 6228 1673 635 13Y 6.26 9.98 450 1078 N

Pre 5773 1686 5251 100YR 577 8.56 450 922 [N

Fe Meta 61.02 1583 5826 0.8Y 6.11 9.23 450 963 [
Post 5882 1433 5671 1.4Y 5.88 8.84 450 1048 1

Table 4. L*, a*, b* and H, V, C, KIS values of Green tea dyed BC by different mordants and mordanting methods

Mordant Method L* a* b* H v C Mo K/S Photo

- - 4213 998 2516  9.6YR 4.17 4.12 400 1032 i
Pre 63.67 5.8 48.41 3.3Y 6.32 6.99 400 848 [ EE

Al Meta 44.67 174 2671 48Y 4.4 375 400 104 1N
Post 4477 164 2737 49Y 4.41 3.83 400 1023 1N

Pre 4555 1338 2853 8.1YR 451 5.01 400 906 GG

Cu Meta 40.14 271 19.56 3.7Y 3.95 2.82 400 961 Fooaoral
Post 3658 1.15 14.1 4.8Y 3.6 2.08 400 934 [T

Pre 27.19  0.09 0.1 8.0P 265 0.03 560 875 [ |

Fe Meta 2568  -0.15 0.1 3.6 PB 2.5 0 560 s (R
Post 24.6 0.18 -0.45 0.2P 24 0.09 560 1074 N
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Table 5. L*, a*, b* and H, V, C, KIS values of Pomegranate peel dyed BC by different mordants and mordanting

methods
Mordant Method L* a* b* H Vv C Amax(nm) K/S Photo

- - 3807 1162 2057 6.9YR 3.77 3.81 400 1092 1IN
Pre 449 1621 2644 5.6YR 4.44 522 400 5.3 e

Al Meta 33.99 10.1 13.06  49YR 3.36 277 400 940 I
Post 3481 852 1376  68YR 3.44 2.63 400 958 [RELER]

Pre 3543 1069  13.07  42YR 35 2.85 420 869 [T

Cu Meta 3169 925 10.7 42YR 3.13 237 400 1019 1N
Post 3199 729 8.61 45YR 3.15 1.85 400 906 [HNNEGN

Pre 2726 035  -0.38 6.6P 2.66 0.09 560 871 [

Fe Meta 2552 018  -0.95 7.3PB 2.48 0.18 560 917 R
Post 2434 009  -038 8.8PB 237 0.07 560 1099 1N

AUk 0 2 HAAN Al HAA = A ape] wish
PUALE 4 F4 02 2 §ErhSong & Kim,

2004). <Table 3>9]] YR H}Q} 7o), BCE] =4} W A
FAE QA A vl ol 7t WAk ST IR E AT
dFnlE A 2] W E Aloll= HEkol Y(yellow)
2 YR(yellow red)= UERE WhH, A v ol A= P
(purple)¥} PB(purple blue) 2] G2 A & o] M Afo] Ll
Wk TR VR Cgho] A4 Zrassho] A of) Zh7ke
o =& Aol e T o] 23t Ak Aot A7
AA O g Aol 7| /Ig Ao =, whdAto]l M mi ¢
Aot Agstof ghd do] H a1, o] = Q1)
A E] = Cho(2000)9] & ATFobe ol x| 3t} vh X

S A4 OEH]—

=1

Az v o] o) s Ajabo] A o] WshA) ek ThAlA ¢
A2, BCO) A7 ¢4 A] vl glo] o] g A4 o] sk

HEE] R] 9FQTH(Song & Kim, 2004).

6) FMARZ
<Table 6>} <Table 7>2 BC 2] X| A}, &4}, A7

Aol ofgk BC @AY A] w9k w1 o] wh w2
Aot Setol e A ES v et Aupolc.
BCE X4, 3, 4542 44 A oz s
2apo] thi 7hasHe Aol FEA O Uehito
A2 @A) A] Qb S, Ak @A) A] Aol
B N B RS E R ETIo
u}ak7 2 =7 g ik 4 BCe
A G0l S A F, 0 = A
-wkebd] @Ale] 5ol ulet v
ol s mod 8 A
S BOS) 1%, 47, 45
Eeelgely AsEs} BE
e} A BCS] A4, 3, 4508
whE @k 9 A4l wskel @Al
uheko 2, BCO) 2|4k 4 A 24 v
ol o, 2 AT 4R o

278 dgulE FAN Y02 Aste

@ 2 o N oge © g2
=

I.LnR x2 [o
A o

)

Z] &

[}

= o =

_I=>2 2 H o
oA 1x
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Table 6. Rubbing fastness of Gardenia jasminoides, Green tea, Pomegranate peel dyed BCs by different mordants

and mordanting methods

Gardenia jasminoides Green tea Pomegranate peel
Mordant
Pre Meta Post Pre Meta Post Pre Meta Post
- 2-3 3 2-3
Al 3 3 4-5 4 4-5 3 2-3 4-5 2
Cu 34 2-3 3 3-4 4-5 3 3 3-4 3
Fe 3 2-3 2-3 4 4 3 2-3 1-2 3
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Table 7. Drycleaning fastness of Gardenia jasminoides, Green tea, Pomegranate peel dyed BCs by different mor-

dants and mordanting methods

Gardenia jasminoides

Green tea Pomegranate peel

Mordant method Color Color staining Color Color staining Color Color staining
change Cotton Wool change  Cotton Wool change  Cotton Wool
- - 4-5 4 4 5 5 5 5 5 5
Pre 4-5 5 5 5 5 4 5 5 5
Al Meta 5 5 5 5 5 5 5 5 5
Post 5 5 5 5 5 5 5 5 5
Pre 5 4 5 5 5 5 5 5 5
Cu Meta 5 4 5 5 5 5 5 5 5
Post 5 4 5 5 5 5 5 5 5
Pre 5 4 5 5 5 5 5 5 5
Fe Meta 5 5 5 5 5 5 5 5 5
Post 5 5 5 5 5 5 5 5 5
2 B HA2lo Y <Fig. 6(a)>2] Ao} o], =3 2 AFHLR ¢
A45}E SPI-BC 2] J2FF-2 Original BCo| H|5}o] z}7}
l) CHE F2|of T2 Eie 150, 1.78) 27152 eh o] BC 4§ v ol Ze4
<Fig. 6(a)>= BCO A7}, =2}, 47744 94 A| o © % F2E S A} % ARz o] ehd A Ho] 4
wo] n Ao hE AR KSgez Y 4AT D 454 ATLES Foun Bg4o g
el Axto|c) ¢ A, Original BC o]l SPI(Soy Protein U-ghal 2 Bl g2 g A s, 12 013 & eFo] =

Isolate), MP(Mushroom Powder), Casein(Casein so-
o, whuya X el gt
BCX: 717} SPI-BC, MP-BC, Casein-BCZ g3} t}.
EN R LR EEE R P T EESE
wheh GAS WSt n], G AXelo) B3
zo s ARSI

dium salt)& 2}z A A ) 39l

2Q135}7] ¢13f Original BCE

20

[Joriginal BC [C] SPI-BC [ MP-8C [l Casein-BC

K/s

Green tea
(400nm)

(a)

0
Gardenia jasminoides
(450nm)

Pomegranate peel
(400nm)

=
7 0 2 wekE oh(Pisitsak et al., 2016; Wang et al.,
2022). 2 2|2 GAEEBCE Tl & 2] o <]
3] AaFeFol F71ehA] ¢hi= A0 & YrErEtT

ESH 2k 9 A7 A A SPI-BCO| A F| of
K/szko] A E Sich. o] = G o] 2 ofu] Ak 2
A 9 gepo] o] & Qe A& e ) T A 9]

Bacterial cellulose entrapped with Protein
OH

Q OH
Hr O

Nu,- 0

NH,

Q
OH U
j INH;

T(ﬂﬂl inkage
H
HO o
Ho= o
o
/?i " "
NH

Protein-cellulose complex

2

J
Protein Zon
)

Bacterial cellulose

(b)

Fig. 6. (a) KIS values of protein pretreated BC dyed with Gardenia jasminoides, Green tea, Pomegranate peel
and (b) Mechanism of entrapment and chemical interaction between BC and protein.

Adapted from Zhang et al. (2022).
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Table 8. Amino acid compositions (g/100g) of SPI, MP, uleba] BCO gl 2 A gl =etd S Qo3 A4H
and Casen .2 51z SAkek 477 Q14 A] B o) u, 5o
Amino acid SPI MP  Casein SPI A 2] 2] A] G A o] FRALE = A o & kol w i)
Essential
Valine 40 52 6.5 2) FHR 24
Isoleucine 4.2 4.7 5.5 <Fig. 7> Tl 2 A 2] A| G/ /o mabrt
Luecine 7.5 92 83 291 E SPI-BC Al &9 FT-IRS 743 Aol o
Lysine 6.0 5.6 7.4 Z7-0 & Original BCE A7 8lo] v 245}
Metionine+Cystine 6.1 6.0 2.8 AR}, =524 A7 A = A A% Original BC A &2 7t
Threonine 40 48 44 Z} Original BC_GD, Original BC_GT, Original BC_PP
3o} % 2. A 12 o
Phynylalanine+Tyrosine 8.6 90 102 2 gustglek 22, Ha), AR A AR G SPI-BC
Tryptophan 12 12 11 A =2 7+7F SPI-BC_GD, SPI-BC_GT, SPI-BC_PP&
Non-Essential gtk BE AIE-E 3300-3450, 2900, 1054,
Arginine 70 53 37 1031cm ™ F-3Lo)| 4] O—H stretching, C—H stretching, C
- - - o @ o5t A= 0] Ex] A 0] 7
Glutamic acid 17.4 15 202 Osstretching © 2 913} A& 22, 2) Jﬂi F
Alanine 40 78 27 =] 9Tk SPI-BC A Z o] A &= 3300-3450cm ™ -5
- 9] 9] 37} Original BCoJ| v]3}] ¥ w2 o] 53}l
Glycine 3.8 10.3 24
39 77} ZFAaskgi ) o] =BC2} SPI 7o) =4
Aspartic acid 11.7 7.8 6.4
Proli i3 ” 02 Ao 9%t Ao &2 It E th(Kim & Kim, 2023; Nam
oline . . .
Sr - 44 R et al, 2021). E3F SPI-BCAIZ0] amide 1(1585—
erine : : : 1720em™")2} amide T(1500-1586em™") & &1 of A] ] =
Histidine 39 22 2.8

(Pisitsak et al., 2016; Stepanova & Akrashie., 2021 ; Rasmussen
et al., 2008)

2] Xl (lysine), H| E] 2 (methionine),
T2 ofulieAre BT | B4

etal 2021) E 3]
SEEETEP
FFo 2 thil 7]
Thsebl oz, 2E
Aglo] 80|35} ch(Pisitsak et al., 2016). <Table 8>0ﬂ 1B
Ebchuho} o] MPo) el o] gHape Abt) o= 4
of wpeba makel 4E7A A4 A, MPE SPIZ}
Casein®]| H|3to] BCO] A/ gF4foll & F3FS vlA|
A B35t A o & AZFE v} T3k CaseinS SPIRE T &
zZ=29 kS 7FA] a1 Q) 21}, SPI7} Casein .t Al &
2020 s o 7 HAE S A4A
2Fe} s 2 A A] SPI-BC2] G AJo] 713 4=
317 Lrehd A o 2 ghebEl gh(Park et al., 2007). Tha A
A A, BCo ghald 7ho) el §3 9 sek4 2
ol thek wl A Y &2 <Fig. 6(b)>1} 2t

Qom®

A~
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7} #EEQIth 0]=C=0 stretching(amide I), N-H
bending(amide o] 2]t A © & SPI7} BC W o &
2 F o7 S2E S-S U 4 A (Kimetal., 2021b).
Original BC_GD#} SPI-BC_GD A& oA+ 1150
em ' F-Lo)| A] C-C stretchingol] &3t 22 A19] 712
Eieo|= oo B el 727} B ArHAbba
et al., 2019). T=3ISPI-BC_GD A4 Z 9] 4] = amide 13}
amide IT % & of| A SPI-BC]| H|3]| F11 G729 =2
7 g of, 22 410] SPIS B W Ay 4
S 2go] o At ES 2l th(Fan et al,
2023). Original BC_GT, SPI-BC_GT A Zoj| 4| = 7}
710l olgt o3 shetE o] S Hel 5t FEA O
2 39l 1372cm ™! F20)| A] = —OH plane bend-
ingo] ©]3} 7] 37} LFEFE S ™, 1400-1600cm ™" F-Lo]|
A ZHE|1 71 o] Wk a1E]of 9] gt C=C stretching 7] =
7} 32l =] 9 th(Chen et al., 2010; Liu et al., 2014). T35t
1200-1300cm ™" F-L o] A] C—O/C—C stretchingo]] &]38k
1 3.7} &= 9 th(Liu et al., 2014). Original BC_PP,
SPI-BC_PP A} Zof| A= 1725¢cm ™" F-2of A] F-9C=0
stretchingol] ©]3F 7 3.9} 1600cm™ HLo]lA] C-O

stretching % 27} 354 02 gHelE)glon], o o
eh14ke] 7)o ©J5t 2102 BekEltHCho et al,
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Original BC: no protein pretreatment before dyeing, SPI-BC: BC pretreated with SPI before dyeing)(protein pretreatment
conditions: liquor ratio of 1:10(w/v), SPI 20%(0.w.f.), denaturation process at 80°C, 20min., pH 10, entrapment process at 30°C,
40kHz, 30min., stabilized at 30°C, 80 rpm, 1h.)(dyeing conditions: liquor ratio of 1:5(w/v), Gardenia jasminoides 10%(w/v), 30°C,
30min, pH 3.7)(post-mordanting condition: liquor ratio of 1:5(w/v), Al 3%(0.w.f.), 40°C, 80rpm, 20 min.)(dyeing and mordanting
conditions: liquor ratio of 1:5(w/v), Green tea 10%(w/v), Al 3%(0.w.f.), 60°C, 90min.; liquor ratio of 1:5(w/v), Pomegranate peel

10%(w/v), Al 3%(0.w.£.), 60°C, 30min.

Fig. 7. FT-IR spectra of Original BC, SPI-BC, Original BC_GD, SPI-BC_GD, Original BC_GT, SPI-BC_GT, Original

BC-PP, SPI BC-PP.

2008; Shin & Cho, 2001a). wtatA 2R}, &4}, A F
W9 Mar} BOS AT BT B Mo
EAESS skl

SPI-BC_GT&} SPI-BC_PP A& o] 4]+= SPI-BC 4
Z 3} 1] 1. 5}6] amide 137} amide 19 9 9] 5] 3 E0] &=
L 2 o] 535kl 01, 3300-3450em ! F o] w5
7} e gz o Eal et o] =SPIg} H3to] Al
7, 477 2] Aeb1Ak 7o) A7) A Ab B 2-gol
gstglom, adito] Yojt3-& &gtk (Han
etal.,2023; Jiaetal., 2016; Moghadam et. al., 2020). T=
3} SPI-BC A4 =3} v] 1. 5}0, SPI-BC_GT, SPI-BC_PP
A Z ol A 2900em™ B2} T A7} 2L TR o)F
alodr}. o] = =)o) 7he| 7], 4] at1itol
SPISF -84 o] whul Al-eh] B 54| S W A sHs 14
o A 4524 A5 A Go] Aol S-S ] ek(Dai et
al., 2022; Ye et al., 2013). w}2}A] SPI-BC_GT, SPI-BC_
PP 4] =& SPIS} 3k o] 71E] 7], 4R A o] a1k
SaAS BAY W oh g A7) A g
| g LGS B AR B AGE

4
A% sl

3) 24 Hrt

1) 7=

<Fig. 8(a)>+= Cowhide leather("] *] 2] & 7}=%), Ori-
ginal BC, SPI-BC, X &}, &2}, 4572 o A3t Origi-
nal BC2} SPI-BC] 2147k = 24 Ax}o|t}. SPI-BC
9] QA7 == Original BCof| v]3) &A= GO,
Cowhide leather®} H| . A], &3} 7] UElSiT) o] =
SPL9] ofu] 1 7] ¢} 7} 2 541 7] 7} BCE] AL7] o) S e
Al oA 24 ko] Aol ela) FE7} %
a2 Ao 2 SohE th(Wau et al., 2009). E3FSPI A %]

2] Al e o] el 719 S A L 254 AE

R-L"T "0 0o
g2 B3 P E T A A SR g2 A
31, o] AN A 71 A H FET} 4T BE T2} A
B2, SPI-BCY) Qg7 wrt SAE Ao 2w

%l th(Friesen et al., 2015). w&tA] SPI-BC_GD, SPI-
BC_GT, SPI-BC_PP9] 21 &7} = E 3t Original BCo|
H| &) &AFE 1, Cowhide leather®} H| 3L A] $-4=3}7]
UERE BhH, 2] 212t =212 @A S Original BCY] Q1
A7y == QA E}A] 9F-2- Original BC9} -G-AFS}HA| LheL
W ok whebA SPI A A 2] 7 BC O] )17 25 A
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(a) (b)
Fig. 8. (a)Tensile strength and (b)fabric softness of Cowhide leather, Original BC, Original BC-GD, Original BC-GT,
Original BC-PP, SPI-BC, SPI-BC_GD, SPI-BC_GT, SPI-BC_PP.

Cowhide  Original ~ Original BC Original BC Original BC  SPI-BC SPI-BC SPI-BC SPI-BC Cowhide  Original  Original BC  Original BC  Original BC  SPI-BC. sprac sPLaC sPLBC
ather BC _6D 6T _PP K 6T _PP BC ) _eT 3 6D 6T PP

U2 SISty on, ok AWATKimetal 2021b)  F7Fsko] T ko] Ago] FaSHE FUAS
o] Axte} d x| gt} FAHE 7 o 2 FrhE th(Hager etal., 2012; Moghadam
?2) &dA et al., 2020; Soares et al., 2010).
<Fig. 8(b)>+= Cowhide leather, Original BC, SPI- o|Ate] AxlE vleto 2 2|z}o] 3 2 Ay}t thul 2
BC, 17, 57, 4542 Q4% Original BC2}SPL- 7be] 28H& <Fig. 60 4] Lhehd vle} o] BCo]
BCS| fe1 35 ASAOI SPLBCS| RO A4 P ATE 014 A, <Fig 8-
ginal BCS} S4B A ebteh. o= SPLAAI ) AL Azhe} Zo] 214 ol folnlet Jare vl
NN TR L BCS PR PN 49 ACE P e Aol Sl 1L, 45 A ) o
Ak 2ol 3 E71stol g e skl Bk ebalm e 7o) 23E <Fig 63 <Fig §(b)>
© ARATe] Zea AxshrhFriesen etal, 2015; o] Aol o] BCO| AR W AN Fafol FaFe
Rhim et al., 2000). 231} SPI A %] 2] & & A3} SPI- u] 2l Ao 2 wohg ok whakA] SPI A 2] 2] 3 BCol| B
BC_GD, SPI-BC_GT, SPI-BC_PP2] -8-¢14-& Original Ho| 223 a1l A77AZE JM A, AL
BC2} SPI-BCo] H|5}o] BLI= Z718} G 2 1, Cowhide A71eHA] hote A B A o] Bt o s oF
leather®} H| 3t = -3k F-¢1/d o] el et A S =elskelnh
o= A, w3, A5 Aol BEAH O EE s
shgbeal SPI 7he] Agtol 71Q1% A e.e Azten, 4 SR
SPL A7/ 2] A] s }eh & U7 ot T o) 5 5 <Table 9> 2|7}, 3}, 4774 4o] o2 BC 4
7 A gho] A w1, o] #jt Mo A = go] Al SPI A 2] of) w2 nhzak A 2 o} Eeto] Fed A

Table 9. Rubbing fastness and Drycleaning fastness of Original BC_GD, SPI-BC_GD, Original BC_GT, SPI-BC_GT,
Original BC_PP, SPI-BC_PP

Dry Cleaning Rubbing
Sample Mordanting method Mordant Color Color staining .
Color Staining
change cotton wool
SPI-BC_GD Post-mordanting 5 5 5 5
SPI-BC_GT Al 5 5 5 5
B — Meta-Mordanting

SPI-BC_PP 5 5 5 5
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