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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
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hydroxide, potassium hydroxide, calcium hydrox—
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02 oAU, ofA7HA] A pEH Tl e
189S AES d9t groti 7] o,
Aol A= 28 HAJT L A4S 918f bio-
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yeast(Saccharomyces cerevisiae) S SHAA| = AHE-
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2.1 A2 2 A2}

Baker's yeast= Algol HjE = AlEE 5 128
L JEo] 100%% A& (Active Dry Yeast, Ottogi
Co., Ltd, Korea)& Fufisto] ARE3FITE, < 1
e Qlx W g Fof| A AR8-3& Indigofera tinc—
toriaz 58 F=H &% FHE F U5t AHEsHal
oF, Mo ARERE AlE= AY FWE 100% vHAl=
(ramie)&, 7L £A-2 Table 13} Zt},

A =8N Az AHE3 sodium hydroxide
(NaOH, Duksan Pure Chemicals, Korea), sodium
bicarbonate(NaHCOs, Duksan Pure Chemicals,
Korea), Z12]al sodium phosphate dibasic anhy—
drous(NazHPO4, Duksan Pure Chemicals, Korea)
19 Aok A= ARSI, AES FHE He
Aol F= == olTAIA pH 10.719] &84S Ao
A A& F3toll= acetic acid(CHsCOOH,
Daejung Chemicals and Metals Co., Ltd, Korea)
AloF 152 AHE-sEalTt.

baker's yeas e
SAIFATE. LA Az FZbe| 8ol 1)
NaOH 48 (pH 11.35), 2) &5 (pH 10.70, pH
11.30), 18] 3) AE(pH 10.71)°]t}, pH 10.70 &
5892 NaHCOs/NaOH HH g A ARl O & pH
11.30 &58HL NagHPO4/NaOH HH & A| A8 o
2 A x5kt

WA 100mL &2 57 o= fel87o gz
£ 50mLE ¥ Y LE Hriet £ QY &
oA 124 BAEES SEHA
/30sec)dtqtt, 121l dZe]4=8- 50mLef HHA;
g 9] baker's yeast7} ¢35 &5 = E Rkt &

QT 37t H7hEof Gl 8710 BT T Goo]

=
op
)
il o

Table 1. Characteristics of the ramie fabric used

Density Weight Thickness
Weave (wXf/5cm?) (9/m? (mm)
Plain 118 X 90 118 0.32




Z Ho|lw & 2 Az wHH2000rpm/30sec)d}til
32T 9] FHolE o Hof RESA|Z T,

2.3 SHEH HIt

SHAEA B7HE Sl BEeNA DS 04 = Sho o
Foll A 48-9] pHeF ORPE 43k nHA &2
FAEEITH, A Tofl= AAE Yt s &
eI RS0l R HEE JAS F wrlsto]
Ach. TAEAY HUE P2 ghdEo] v/} E o
7HA] skl e | SUEAE S F8S AlQlsta
= 8719 F4s Fol 719 7= Aekelet

pHe} ORP+= A=Al A (InPro 3250i, Mettler—

Toledo Co., Switzerland)2} Al1=7]1(M300 process,
Mettler—Toledo Co., Switzerland)& A-&3} =
gatqict, A=l UM ol YAAeHES sl F
L]y /\]ﬂ* 7]che] kﬂﬂﬂ = 9 gk 7155kt
U]'X]E 0.5g= Wi &
AAAZ 3 Aol 371 F
. AFsHE 74%8 0.1%(w/w)

Fok FEA7 2 54, AR

Baker's yeast 9] ¢lt]itof ot g2 A3t 2]
=9 Aol el A2 K/S va

sto] Hekd o & BGrpsieit, K/S a2 AaHA (Color
—eye 3100, Macbeth, USA)E ©]-&3}] D65 FH,
10° AloF 4ol A Z7 sttt

2.4 o:IAH7=|§|E u.17|-

NEAZ == AE 7] E 7] (Launder—O—Meter,
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Hanwon Soway Co., Ltd, Korea)& AF&-319] AATCC
Test Method 61-1989 1A0] whet 40CoflA 4587t
Aleket <, HEA g8 Teo] 2 Y(gray scale)
T} o] A8 AA| Y (chromatic transference scale)
= AHg-ste] F7tekqlet

02 A 2 == o3& A E A E 7] (Crockmeter,
DacLim Engineering, DL—2007, Korea)& A}-&-3}
o] AATCC Test Method 8-1989¢9] ute} Az 9 &
e el Al 102 103](3F 900g/1.5¢ cm) u}xg
A & L AHAE AAY-S AFE-ske] B7EsgiTt

AdFAH L= 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] AAUS AHESHY] s

#7hahdct

3.1 NaOH %1} ASEMHS AEst ZL2| et
(pH 11.30~11.35)

NaOH =& (pH 11.35)7 Na:HPO4/NaOH &5
L9l (pH 11.30)9] 21t]31¢} baker' s yeastE 3 7}3}h
of Aol e S-S SASHUT.

Figure 12 %49 w2 K/S %, ORP, 11811
pHO B el Axo|rt, 12l SA/fAY, i E

2 SHlF R oA o A5} TR S 1

3}t Table 20 YERH]ITE

K/S ge] 49, &zelo) EFo) 4nglol 3712
wolthr AP akeE 8Q) Fol i Frasks Aol

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
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Figure 1. Change of K/S value, ORP, and pH accord—

ing to the elapsed time using NaOH(pH 11.35) and
buffer(pH 11.30) solutions.
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Aol th) = baker's yeastE AT oot
(Indigofera tinctoria)g-H oAl E-o] 7HAI = 7] €|
A= —555~-565mV F =] AtStetd M 97 e
o= o 5 Qo e ol o5 ARESE A AQlH L
(Polygonum tinctorium)®] ol A= 7| A of
—500~-540mV 9] 43} 9|7} 2 @ = Qlrho, g
Aol JHA] H Fo| = ORP= Al ZHaxsto
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astt7h 254 F7hsto] S E R Al 9
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7¥stgith. 2 A ORP gh& HQl o] o= SH-7A
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AL pH G| S50l Adglo] 14 A3t &
o pH 4.98~5. 757} A 7H4skqich, HHiEd &=
NaOH& =7} Y& WolA ¥ AR EAof #strt AA
AH T 22 Y A7 ol 88 AHE 4= ¢l
Al Hep, & il 3 dkE] 2 AA B
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XM= 7ol upel A& Q1 pH Ast7F HEE Sl
2.2 A FPYS Bl Fudol|A e pHE 7}
8.88(NaOH &), 9. 31(&FgM o, 253
Ao 9] pHE 242 6.64(NaOH &), 8.07(
MR, NaOH =88& AHS-5F 8ol A pH 74
A

A=7HHS e & 7 Ao ole g8 vis &
S22 NaOHRF ARG 4--ofl= pH Mg /d0] #5
sto] o W2 47 AREWY| fEo 2 A
Etters FARMEF| AHHS 283te 9
o] ofd S5 o] ST A AlAEE A
&3t 2ol dHal M o] FE o] T8 8l9]
ehopRe . S AFEHS HAYF AR AN
ste Bfole 2 #4448 B8 Wil 54 pHE
gol 71 A Iyl Zhelo] AsaTE Fof

2

=
aker's yeastS AF&5to] ol 1S Y

= 8%, NaOH 895 =02 A=
o
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’

Ho » e >
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3.2 ME0 ASBMS ANESH 2| e
(pH 10.70~10.71)
AE(pH 10.71)7} NaHCOs/NaOH ¢+%-8& 94 (pH
10.70)& AHE3lo] baker s yeastoll 23t olt] 1.3}

22 e,
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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.
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Figure 2+ ZA3%Yo] w2 K/S %k, ORP, 121
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SFal T 3 M| fgaskinh, A sz &
SHAT H Az S Bl 1~2Y o] FHE

7P—§ Holok, pH a2 Azte] A3t

O Zaskiict,

© 1YARE -600mV ©]5}+2]

o A

AAskgl o 9dA 7t
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AE(pH 10.71) 9 458 H(pH 10.70)< A&
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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 -
Seak 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
Solution K/S value Color Stain Dry Wet Irr?zdoi::;on
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
i}, R bR NS ARRSE 90 2] £ 1 & SE&NZ ARG B 5ol AlEtA = et A=A npa
okt olo ¢F&AS FAY Ao r AT 70,5554 A vebTh
3%, A% pHel w2 SdE S Hl EHE‘ZM( igure
3). pH 11.309] @&of 4w} 1 Lo A 2 4.8 =
WAIZE 24 © wh=an ﬂtﬂf’éﬁo K/S %;E 1.268%
o =ton SARAEE 7Y o 4A YeEsTh pH Z12H7 YL AMZ 9o BE 2 baker's yeast
10.70 GEo A= 27] F&F S7He W9 AA 5 S ARESHAAL, A Eo SRl thE RO ok
A 14,549 K/S & Bglon, ol= 1194 Bzl 22 Hlashgih, gAY e84 2= NaOH 489,
pH 11.30 99 W A2AFK/S 14.68)3} H|<3h e, 2Pl 58S ALkl e SHAA] %4
shegolt, AAAor ®E FytdolA pH 10.70 g, SERE et Apde] we S Y (K/S
89 g2keko] pH 11.30 FE&oAEY H &5 %, ORP, pH)=& HUHEH st3ich, £33 7 4ze 4
%’#%E}. SHATNAL, R, e SF R Ao GHoA HH2 TS A AlRs9 dNAREE
A1¢] ORP$} pH 7 %2 H] =61 tHTable 2~Table 3). i 7}shol e}
3, pH 11.30 YLl A E o8 54 MZo] ol Al 70 A48 BEA BRE AL <
Aom pH10.70 Y& AL 47 50 M2 1 ou9] sdgale] 7HseHe Bhelstlth, NaOHE
27 A& 5 STk, o2, AFLAS AGT A EOR AGTHE ARThE AFGAL AEF F 2o
S0l = ghdH o] AJAF pHoll whe} ghl o] th=A U pH ¢HgAd0] o S8l shelel e o w30t s
Efu | pH 11,309 ¥8H b= pH 10, 70014 3+ = AHESE Aol 289 pH 9 ORP ¢H /4o &
glo] o 4ok gl FTE&H= AR A EY o F3ou, Sd™(K/S
W) S = S5EHE AHESHE Aol o mypA o]
3.3 QMR Atk B, SHAEE Y & o Al pHE 10.70
G g FFRE Gt FAFM A RE & St 20| pH 11,3014 2t} B 2 ghele s u
T A AzES A AEsol it dMAE=E 3 BFiglch, Aler, npd, A3 A EE B 45 ol
7Fsto] Table 40 UERH I, NaOH 84, A=, 2 o9 Skl on | obzhe] =gl ol whek |
123l pH 11.309) ¢h5-8&H& AHERE A5, Aled A= ol o3t fol= Holx] et
Fes4-559 (9 559), AdRA AR e
4-5%+a, HaA P EE 45w, 293 43 HARL| =
Hre 4-bouo® i fpstglen, ddeg
N F5of whE AP EO| Aol 5 Kol gt o, o] =& FFMSIP)Y AU Fh= A
K/S gko] 16,262 & 714 =2 X291 pH 10.70 & (KRF)9] A2 ol =35 A4 No. 2017R1
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