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Abstract Baker's yeast(Saccharomyces cerevisiae) was used as a biocatalyst for eco-
friendly indigo dyeing and the reducing power of yeast according to the alkaline solution
type was compared. NaOH solution, lye, and buffer solution were used as alkaline solu-

tions. The reducing power(K/S value, oxidation/reduction potential(ORP), pH) was mon-
itored according to the elapsed time including the initiation of reduction, peak reduction,
and the end of reduction. In all alkaline solutions, it was confirmed that yeast can be used
reducing agent in indigo reduction dyeing. The pH stability and reducing power of buffer
solution was better than that of NaOH alone. Although, pH and ORP stability of the re-
duction bath in lye were better than that of buffer solution, K/S value in buffer solution
was higher compared to lye. The reducing power was different depending on the starting
pH of the dye bath, and it was better when starting at pH 10.70 than at pH 11.30. Fast-
nesses to washing, rubbing, and light were relatively good with above rating 4. There
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was no significant difference in colorfastness depending on the type of alkaline solutions.

Keywords baker's yeast(Saccharomyces cerevisiae), indigo reduction dyeing, alkaline
solution, reducing power, colorfastness

oo
Hir Ob >
fo rir

e,

b

ot o2
L2
flo 32 oo rl N ki

e o
o
o

ro
rlo
1
2,
>
>
ofo
N
N
olr
21’(
=2
-
2
il



250

[«

v ez, e Wy ol e o
SaAE, AW, Aol E B ofgkE Atk
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taseE AAbshe Ao® AHA 77| o Svts
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off - 523 A& SelatATt . Jrjal JAof
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o 5 9peh

2.4 &
2.1 A2 L AR

Baker's yeast= Al5o] HulEH= A& 5 AxE
o "é o] 100%2] A& (Active Dry Yeast, Ottogi
, Ltd)& afste] ARgshgitt, A Qldals

|

T A g S| A& Indigofera tinctoria®
e F2H 29 FHE A5k ARSI, Ao
ARl AR AW 2 E 100% " E(ramie) 2,
1 EAL Table 13} A,

e =8 N Az AHE3E sodium hydroxide

(NaOH, Duksan Pure Chemicals, Korea), sodium
bicarbonate(NaHCOs, Duksan Pure Chemicals,
Korea), Z12]al sodium phosphate dibasic anhy—
drous(NazHPOs, Duksan Pure Chemicals, Korea)
13 Aok I = ARSI, AES FHE He
Aol F= == olAIA pH 10.719] &84S Aol
HASE 2 2o F3Fo = acetic acid(CHsCOOH,
Daejung chemicals and Metals Co., Ltd, Korea)

Ao 153 AH85Hot,

ﬂilo_ﬂ% og Zre] =& 100mLe]l lel i 1g¥}
baker's yeast 2g& ¥l 32 T2l IFH| o] of| A ¥k
°/\l7ﬂt} _% Azl AHEE dAeEAS 1)

NaOH <=8 (pH 11.35), 2) ¥5-8H(pH 10.70, pH
11.30), 21831 3) AE(pH 10.71)°|t}. pH 10.70
5892 NaHCOs/NaOH HH g A ARl O &  pH
11.30 958N NasHPOs/NaOH B33 A]AH O
= A =53t

WA 100mL &9 7 = fel&71o] g
49 50mLE ¥ QIYalE H7het & QY g9

WollA =24 EAtE =5 S22 wHH2000rpm

Table 1. Characteristics of the ramie fabric used

Density Weight Thickness
Weave (wXf/5¢cm?) (9/m?) (mm)
Plain 118 X 90 118 0.32
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2.4 GMAR|E "ot

A A== AE 7|8 7] (Launder—-O—Meter,
Hanwon Soway Co., Ltd, Korea)& AF&-319] AATCC
Test Method 61-1989 1A0] w2t 40CollA 4587t
Aleret <, HEA g8 Teo] 27 Y(gray scale)
T} o] T8 AA| Y (chromatic transference scale)
= AHg-ste] bkl

02 A 2 == o3& A E Al E 7] (Crockmeter,
DacLim Engineering, DL-2007, Koreag AH&3}
o] AATCC Test Method 8-1989¢]| wet Az & &
/g Hf ol A 10%) 103](3H5 900g/1.5¢ cm) v
A & L HHAE AAY-S AFE-ske] BHrEstgiTt

AdFAH == AATCC Test Method 16-2004
Option 3¢]| £3}% Xenon Test Chamber(Q—SUN,
Xe—1-B, Q—panel lab Products, USA)E A3}
o] 20417t F2AFS T1|o] 2AL S AHESH] =
7kt
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3. Znt A nH

d

|

3.1 NaOH £t AZZMS AEst ZR2| 2™
(pH 11.30~11.35)

NaOH =& (pH 11.35)7} Na:HPO4/NaOH &5
SN (pH 11.30)°0 It 1¢} baker s yeastE H7}5}
of Aol e =S SASHAT.
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rl0|-
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W3k Table 20 YERY Tt

Table 2. Comparison of reducing activity of baker’s yeast in NaOH(pH 11.35) and buffer(pH 11.30) solutions

Reduction Solution K/S value(day) ORP(mV) pH Duration(day*)
Start NaOH 0.44(3) -565 10.03 -
Buffer 0.38(5) -555 10.39 -
NaOH 12.75(6) =575 8.88 -
Peak
Buffer 14.68(11) =571 9.31 -
End NaOH 1.65(10) -438 6.64 8
Buffer 1.30(18) -4838 8.07 14

*elapsed time

Textile Coloration and Finishing, Vol. 31, No. 4



< o %o ¥ Tl - ~
Okl s <0 X ) B oW o M ol oF BE R OB oF N W ~ .
Ed 7.Lmoiww&i%%H%raE%iﬁwﬁ%&o}t&ﬁo F !l AR HEdHTHT N bW T
- x#oﬂoﬂﬂmoﬂc._%melot 1EPBJ_d|u]LB_1__o¢ o_ﬂﬂzﬁﬂﬂﬁﬂﬂ]maﬂﬂ”.wﬂ.v Ne ov @
) o AR 40ATmuoon_ﬂo€oma_§_K$Mqu_o Hﬂa.]ﬁ%]71rlﬂm7x._tﬂxﬂ
Ro o o N o5 K «© ﬁoa_.Zq_o(ﬁ‘_m4 i B KL o TR T L B ol i
4l ﬂ__o%EiﬂmﬂH@@uﬁﬂﬁ%iP% LN B X Emeoaﬂmﬁ%%ﬂﬂ%wﬂ%q})VV%%
FAH R @B TR T X B o TP A e =R T T R T
JRig Uil ool oz K ol BE B T o 0 o - 5 >~ N KX mﬂi%ﬂuoaﬂk
Aoy__u%cmﬂwm_%Nzlﬁyﬂmmurm%mﬁw;ﬁ%ﬂimzmﬁu‘i %O_L%MMAT%ﬂW%%ﬁﬂu%ﬂﬂwéé
S J|d ) lmd . . X o X N Eo &0 Q_O ALO e = S SN 5 o ! ~= A o o) o &O e .m_ﬂ ! - o
T N A TN o R O i i SR T U
R %W%_m:ﬁ_mﬂme#%%ﬂmw.m%%m.ﬂ_mrwoawwﬂe_e%@uﬂAmﬂﬂ.ﬁv%/v\@wl
ﬂmﬂ#_gaoéamﬁ@%pmm%o_ewﬂaﬁwo_ea%ﬂwamommWﬂ%@ﬂ%%%mOL%
_ — K- o-
N go 2y W B == < W ook H B . < X0 5T %o 3 Ry S
wﬁﬂ%msﬁwam%wwNﬁyﬁ%aw%@wwWQ@%%w%%ﬁ@%mﬂq% T
o 9 0 - f _ 1 f o -
iRttt R L R P TR e
—~ + 0 1o} ) e~ —_— O _
- _ 5 % K < = T I o = o~ o o — R -3 ek T S < © N B <
o_.,mu_ﬂiHomﬂmqmamwwﬂ%_ﬁw%%%%ﬁmﬁz3%mﬁ%q%mw%%mA_wf%%%mH
e = Q_O OE Q#o m = = Ot HT_ 3 ,W o __d_ﬁ .UM =z, — O#E o M... = &0 OT Mnt A WU H;I % E._ R m rﬂu . m A"vv ﬂ_ﬂ R ,A_l o O
mﬂﬂamo?ugmmaew%%ovmﬁﬂﬂ,o_Em.moWﬂm%o_Lﬂommﬁ%wATo#z?‘u%MMMNO%HﬂNm
Qﬂmo_uz#mmmnéoduao]duwuz?uuooEio]ﬂSor}w BﬂLOmeﬂAﬂ.MSOUAlﬂHMiwﬂﬁﬁ
wn o L _ ooy o TR © T oW}umﬂATOJIS 5 8w g w2 R
) ]).oﬂo_sL_xﬁaﬁHSQdﬂAﬁS%ﬂ P TR S X oo ooy 8ol o_oVﬂu(ﬂ_ﬂOM
N o T e 2 S W W o B — oS ﬁou,ﬂlR%mﬂ_o_nmmﬂ.woL_,_mEgNHﬁmﬂ{V X3
S ErriemiemAAa TS @ T S0 LT TR E IR PSSR AT
~ o oU ou mr S ok S B dodn W Y o) S L e 50 o Qo 0
=% e E T E s N
d =
23 o 23 S T B 52
447 " o -8 R @ B S >
3% s i3 5 T3 7 58
» v a ¥ o I 53 [ 5 e
s o — T g - : Ba
3% 58 3 B p o~ 23
1 2% T8 o3 R (&%  ©F
bt -~ B by F2 e T9 42 2 Q
i - L~ E X -2 g S =z
w & = E -
~ @ res - emu
%] L 1] - I
o O rrm-~a 1] T @
= lr_uw |1rm Vu
LT w o B Be
: = o8 S
o ~ = T m
L - oom - em
F ro - 2 a
o r - ™ mm
S 8 8B X 94 8 W e 5w N O - T T T T T T =] - C%
~ m m m m m m T T T : o ..|...hl
& (wup9gg) anjen s/ D _ﬁ_,_,E T w0 @ m_ M 8 4 g @ ® ~ @ w» 2o
AW) dHo Hd 3 o
w c

buffer(pH 11.30) solutions.

é]‘;%ﬁéﬁ"7}—g—§L§];{/ ZJ/ 31 _71_‘_] X']/ 4%



7ith. Baker's yeast®] $HA| JT =2 vEE-Z7]0of A
o] Zraa7h ui- A Uebgton | o] Fof| e A& 0
SHATE7E S A E T e E Ao R I
ool AAF S & 4 Qe &, Adsd g
ol Ao A9 ORPE= —575mVe —571mVE &
ol A Z o zbeFo] Ao 2| x| = FkTt,

89 pH= Yzl FRof Adatglo] 19 Ao &
of pH 4.98~5 7574 A 745ttt HEH =
NaOH& =7} YF WolxH Hmiae] ¥atrt A
A B A W A7F dojuh 9E&83 AHSS 4= gl

r_>il-ﬂJ°

[

A e, Z, Qi 2hS dke] 2ol wA st
B2 3H9l 80] pH7F Y& srod 3 whgo] oju}
2 vt aYEZ F Qo IE 4N NaOH 448
HE AHESte] pHE 118 243530t pH 24 o] %
o= K& Aol wret A&l pH A4E Hlt

pH 2ol AAA Zrat art oAl FA oA G714
S AT o)) &—7,: o]-83k ¢l 3kl

s g
o M= o ule} A< A
2328 st E L Hol
8. 88(NaOH T%ﬂ) 9.31(%%%%4)01?11 Ed

0
ne
=2
o
lo
e
as
rr
—Lr’
\l
@
[ep)
=
=2
jay)
O
s
4>
0
L
WOO
(@]
N
T~

%%O_H)E NaOH &5 A&7 A&l A pH

Y= ES 3 o ek 0

=0 & NaOHYF A28 4<%

2
= Ar
el
s
=
jus
o

e
!
2o
H oo 12
0:>E‘. 0_>|:,
ju}
N B o

i)
rhfl
o

o
s

ol
o,

2

o

o

=}

flo

2
m}i

ACh
_\;

B>

s

i)

> 38
=

o Fn
lo

-

o op
o

N
i)
gﬂ
on e
ﬂllo r_g
M

o
2
i
e
>~
el

)
o
ofj
S)is

=2

e
in)
r o)
Mo

oo ofy &

1L fo

o St >

i to
o
o

oy 2
£
Ll g
- Mo
> P
0_>I:. O‘l)‘l
oL Ot@
e o,
1o 1o
o .o
ol
=R
dqa >
2
Am
oX
=
T2
2 oo

=
ox
ol
foi
i
il
4z

o
FY, pH 11.30~11.35% =
aker's yeastE AMHE3}] Q E] A= |
7%, NaOH 842 502 AHEst=
Z&HE AHg-sh= Alo] pH ¢ Ao
dE=E o £ 2l

2

4o 2 mg
oz o
Lo

iny
ofr
L

oo
o=

o

3.2 B0 ASSUS ANESH ZR2| et
(pH 10.70~10.71)
A& (pH 10.71)3 NaHCOs/NaOH &89 (pH

253

20

—e-Buffer S. (pH 10.70)
18 1 —4—Lye (pH 10.71)
16
E 14 -
=
3 121
W
o 10 A
3
™ g
=
vl 6
P>
4 -
2 .
0 T T T T T T T T LI T T T T LI | T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Elapsed time (day)
0
—a~Buffer 5. (pH 10.70)
-100 —#—Lye (pH 10.71)
_Zm -
s
E -300
[+
o 400 -
o
=S00 -
600 -
-?m T T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24
Elapsed time (day)
13
—a—Buffer S. (pH 10.70)
12 —4—Lye (pH10.71)
11 4
4
10
9 J
T
a
8
? -
6 .
5‘ T T T T T T T T LI | T T T T T T T T LI | T T T

0 2 4 6 & 10 12 14 16 18 20 22 24
Elapsed time (day)

Figure 2. Change of K/S value, ORP, and pH accord—
ing to the elapsed time using lye(pH 10.71) and
buffer(pH 10.70) solutions.

Textile Coloration and Finishing, Vol. 31, No. 4



254

10.70)& AH&3lo] baker s yeastoll 23t olt] 1.3}

22 Yo,

Figure 2+ 2349 w2 K/S %, ORP, 1181
pHO BUEF Aifolct, dade|48H F/ol 4
fio] *]71}0] 7:‘4’1‘6]-01] et K/S #h& 44"’Z477V] =7t
gzl =
—17"51

| s

_O|L
=
v U
o
"

s o )
X
2
e
rEl
QL'
o[)l

A% HolHA S A g

Azrere EOI 1~929] o=

9, 1A ~600mV ol3})
]Xl—o]_oﬂ [¢) u;] 90]37\H7]].

7]
A 100149] =2 K/S & frAlstth7h 18970 &

A A 73%01]% 397

] 1001“4 K/S %k° 16}4 Aol h¢lo]
St A= HE8 A&l A
o] e] el ou 5UR e = o 9] gt
gol o #A YetdS & 5 ok, $45892 1Y
B pH7F6. 112 3A 7F4ste 112 248t o0
AE2 27|19 G243 pH 74 glo] X3 o]
w2 pH 7HAR UrEbL 24580l H7} af$-
AAUS & 5 st AES A S-ofl= of
= K/S ok 4~12 &3l 54 A Ao oL
AFEHE AT Aol 4 A K/S 2k
ol}e] FM MEE wo| dofHrt,

A& (pH 10.71) % 2kZ-§H(pH 10.70)& AHE:
Ayl T A FANAY, X aea g
AT R YA Y FUAEA T LA S v st
Table 30l HeFH it AES AHE-ole F9= 1Y

e

N
Ton
r>=
Ho
H>

HE & o w21 ZastA duks-o] AIFHK/S g
3.15)9 ¥y ehF8o = 39 o HHs] 1
L oFstA| gRk-g-ol K/S#L 02Nt A&
| A2 X A==k 6dA el K/S 7k 13.3001 %

2hZ-E-Hof| A o] 2ol &b 8dA o K/S 4k 16. 26
ojgitt, AFEMS AESL T o] K HTFS o
=l A7 E 28 E o S g2 T =4 UE
ounl FHAFAEE AEo)A o SF5EHof|A 3YU

-3
>
N
iy

¢

pH 10.70 9 pH 11.30%9 ¢Ze]489d $57

18 ~&-Buffer S. (pH 10.70)
7 =@=Buffer S. (pH 11.30)
16 -
T 11
§ 12
s}
L 10 -
v
2 8
o)
o 6
T o,
2 -
0 T T T T T T T T T T T T T L L T

0 2 4 6 8 10 12 14 16 18 20 22 24
Elapsed time (day)

Figure 3. Change of K/S value according to the
elapsed time using buffer solutions(pH 10.70, pH
11.30).

Table 3. Comparison of reducing activity of baker's yeast in lye(pH 10.71) and buffer(pH 10.70) solutions

Reduction Solution K/S value(day) ORP(mV) pH Duration(day*)

Lye 3.15(1) -600 9.84 -

Start
Buffer 0.27(3) -536 10.39 -
Peak Lye 13.30(6) -610 9.40 -
Buffer 16.26(8) -578 9.43 -
End Lye 1.78(18) =520 7.69 18
Buffer 2.88(23) -481 7.78 21

*elapsed time
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Table 4. Colorfastness of fabrics with maximum dye uptake according to the alkaline solutions
Washing Rubbing
. . Irradiation
Solution K/Svalue  color Stain Dry Wet (20hr)
change 1st 2nd
NaOH 12.75 4-5 5 5 4-5 4 4-5
Lye 13.30 4-5 5 5 4-5 4 4-5
Buffer(pH 11.30) 14.68 4-5 5 5 4-5 4 4-5
Buffer(pH 10.70) 16.26 4 5 5 4 4 4-5
of & HA o] thgh ar o] ehlgS eIgt 4 TEHE AHERE Aol AErdE et A nhad
T}, R b 8-S ARREE 90 Sl Eo] & o & 2|%=7}F0.55 54 WA UEtt
55T, olo] #FEHE DA B8RO ARGt
785, A2 pHel w2 2 ES v w sl 2otk (Figure 4.8 E
3). pH 11.309] d&olA Rt} 10.70 HEofA 2
MAIZE 24 o W= 2] AbgE K/S 41,264 = 287 vl G Qe S5 E baker's yeast
o] =ton SARAEE 7Y o 4A eyt pH S ARESHA AL, S e 8ol S whE B gkl
10.70 G&ollA= 27| 2= S7H= w9 AA 54 g5 Bl wsGirt, A8 H O 2= NaOH 4894,
A 14,549 K/S & Hglom o= 1194 B e, 18l AFEHe ARkl o 2HAl, &
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