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Dyeing of Cotton Fabrics Using Zizania latifolia Turcz. Extracts
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Abstract: This study examined the pretreatment effect, appropriate dyeing conditions, color fastness and functionality of
cotton fabrics dyed with Zizania latifolia Turcz. Dye uptake was substantially increased by pretreatment and chitosan
pretreatment was much more effective than tannic acid pretreatment. Optimal dyeing conditions were colorant concentration
of 100%, dyeing temperature of 100°C, dyeing time of 80 minutes and dyebath pH of 5.5. Color fastness of chitosan
pretreatment and dyed cotton to washing, rubbing, perspiration and light was 4, 5, 3-4(acidic), 3(alkaline) and 3 respectively.
Color fastness of tannic acid pretreatment and dyed cotton to washing, rubbing, perspiration and light was 4, 5, 3-4(acidic),
4-5(alkaline) and 4 respectively. Deodorization rates of ammonia(NH;) were 99.9% in both cases. UV protection rate were
98.3% of UV-A and 98.5% of UV-B in case of chitosan pretreatment. UV protection rate were 98.2% of UV-A and 98.5%
of UV-B in case of tannic acid pretreatment. UV protection factor(UPF) was 50+ in both cases. Reduction rate of Staphyloccus
aureus were 99.9% in both cases. Therefore Zizania latifolia Turcz. could be used a new functional colorant.

Keywords: Zizania latifolia Turcz., pretreatment, deodorization efficiency, UV protection factor, antibacterial reduction
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Table 1. Characteristics of fabric

Fabric count
(threads/5cm) Thickness Weight

Weave .
(mm)  (g/M)

Material
Warp  Weft

cotton 100%  plain 87 71 0.26 11045

N AZZES FYSe] GRFE U HHINE
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FE71) EF lkgol SFT 25kg9 Hl&2 ¥

T 105CE 5087 & & Wysta 60CoA 75
=]

97

it
223 3AH=

FE2YL FEARVIZ 2A7 AEste] g8
e A3 o5 Ys BRI ARSI

2.3 A|2
HA 5] MY FAS 3 AAHA=R =
Atdl EhdARE ARES T g89 pHREE Y3

hydrochloric acid®} sodium hydroxideE AR5} T}
AgE Aoke BE Aok 170l oeh

2.4 M2 Y AN

241 7|EA X2

7] EXHK(viscosity : 5~20cps)= 1%(w/w) OFA|EAF
SgMo 1%(w/w) 23l homo-mixer(3Hd¥7| A ALY)
2 mustel §a% 8] WES IS
padding mangle(oFA|o}7]8, model : ASA-295)%) A
Y& 100%= FLSHA Gt 150Coll A 383E
el shelet.
2.4.2 EfIA M2

e FE S%owf) 480 AEE YA
ato] 90C ol A 4085 HLstA AEst W
a2E 93 EFAHEE 2.5%0w.f) FE&do ¥
L 40Cofl A 2087 A 23ttt
2,43 M

IRG A 7](DTC-6000, Dealim Starlet, Korea)S A}
L3l &H) 1:100, GM2%E 40~120C, gA=r
10~500% o.w.f., BMA|ZF 20~1208, AL pH 3,
5,55 7,9 119 2Ao2 AMsqc}.

25 M=H

2,51 K/SZ}

Computer Color Matching system(X-rite 8200,
USA)E AHE3te] Do 9, 10°A]0FZt2 2 400nmo]
A QMES ERNALS ZRF T KSES A
25t
2.5.2 MunsellZ}

Computer Color Matching system(X-rite 8200,
USA)E AM83t9] CIELAB EMA 9] L*, a* b*FhS
Z2A3}l3 Munsellghe -5t Th.
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2.6 gMAR: £F
2.6.1 MEAR|E

Launder-O-meter(Yasuda Seiki, Japan)Z A AIA|
= AMgstol KS K 04300 wie Algatgct. W
ABL Gray Scale(JIS L 0804)7 <2 <H8 Gray Scale
(JIS L 08052 S5 HAsI¥h

2.6.2 OtEARE

M= AEE KS K06500] F3}9] Crockmeter
(Yasuda Seiki, Japan)E ©]&3lo] AZXAI} H24]
9 “RAYEE EYSAch WEHME Gy
Scale(JIS L 0804)} 2 H8 Gray Scale(JIS L 0805)
= 53¢ wHsyo
2,6.3 YFURE

KS K 07000 &3} M= A|EE carbon arc
type Fade-O-Meter(HS-213, Han Won Testing Machine,
Korea)& AMgotol EZEMAZE R 5
H-E| A2 Gray Scale(JIS L 0804)2 552 HA3lHch

2.6.4 BHR T

Perspiration Tester(DL-2012, DL-2013, Dealim
Engineering, Korea)E ARE3}o] KS K 07159 #3514
/\]316]-@“:]- H-E|A 2 Gray Scale(JIS L 0804)1} &

£ Gray Scale(JIS L 0805)2 S3& wAstgct
27 7|58 &4
2,71 XM xICHE
A= FE9 A RHE-LS KS K 0850-20099]
Foto] R} 7FA| R Fogeg e A (Perkin-Elmer Lambda950)
£ AHEst wE e 280~400nmofl A o 7HA

S5nm S92 FARHAA AR A FiEE &
st e A(1)E 0|83t A&t

UV blocking rate(%) = 100(%)
rate(%) ...................................................... (])

- UV transmission

Table 2. UV protection category according to australian standard

ola

Table 20f 2}&] A} HA|4UPF)S UeMy itk
2.7.2 AFM

A Hrte dEo HRE771ed 9 FJTETC)
AEHES ity A& A4 (22 otk Zoh

Deodorization rate(%) =

A : Gas concentration of blank

B : Gas concentration under specimen existence

2,73 g3y
A H7F= KS K 0693-20119] &£35F4 djx=
I} A|Zof| A E = AL Staphylococcus aureus ATCC
6539 AFSHA T G0l et FRUaEe
ool Brtalsic
Mb— Mc

Reduction rate(%) = Tbx 100 ceereereres 3)

Growth rate(Mb/Ma = more than 31.6) : 51.8
a : CFU of 0 contact time in control

Mb : CFU of 18 hours later in control
c : CFU of 18 hours later in sample

(CFU : Colony Forming Unit)

3.1 Hal7t PNl ojxls Fa

Table 32 E= %:‘E, FIEAAA Y Wz, gldAk
EEEICELIES

715&%17\131% e
S AL Aol A3 Be e o
EER PORE
A ot

Table 4= FA T HE(untreated), 7] EAA AT
HE, iR e HEE FEFE 100%, G4

Table 3. The surface color of undyed cotton fabrics

UPF Effective UV transmission Protection Pretreatment K/S L* a* b* Munsell

15-24 6.7-4.1% good Control 0.08 9459 -001 0.08 6.7P 9.4/0.1
25-39 4.0-2.6% very good Chitosan 0.15 9372 -0.53 4.08 6.1Y 93/0.5
>40 <2.5% excellent Tannic acid 030 7690 927 442 54R 7.612.6

A pEe A A 27d A 12
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Table 4. Effect of pretreatment on the K/S values of Table 5. Effect of dyeing temperature on the K/S values of
cotton fabrics dyed with Zizania latifolia Turcz. extract cotton fabrics dyed with Zizania latifolia Turcz. extract
(100%, 100°C, 80min, pH 5.5) (500%, 80min, pH 5.5)

Pretreatment K/S  L*  a* b* Munsell Pretreatment KS L* a¥ b* Munsell

Chitosan 223 6216 3.83 1461 10.1YR 64/23 60C 195 7419 73 25  13Y 73025

Tannic acid 085 7545 421 11.88 84YR 7.4/2.0 Chitosan  S0C 238 6985 69 27 08Y 6927

= 100C, JAAZF S0min, AoAe] pH 55914 o 100C 359 6303 62 30 03Y 6230

H] 1:1000.2 HAsE Aol WY E(control)d] E 120C 857 4636 46 30 9.6YR 4.6/3.0
Ao,
H E] 9j) B g(Testfabrics, Inc., Style #10) HAE & 40C 105 778 543 13.08 7.5YR 7.723

o FrAE, YYEHE2 & M=oY |
2o Ao JAExR golr AAIYS AxdEn

B AL 7 EA BUA AHEE 20 Tamic acid 80T 154 7534 422 1679 99YR 74126

Eatdt. FEAT gdden dAAY An
Mol FaEglen Mae BE YRALE u
ok 120C 473 5591 612 1874 9.7YR 5.543.1
AAR LGS WolAn arghah bgte 71l
A ol ARMHAT WATO QUM AT ol ol gwone an aw
AEgioke mashe dAste Aelsl shaael ol S
u[e 7| EAkS 2 BARA. ARAEA Y AeE gARLR YALY A
A Uehin sdaRAee] FAes YRAYE

i)

60C 112 7721 434 1386 8.8YR 7.623

100C 175 7074 477 1601 9.5YR 7.02.6

J.ln&uir

rlo

S
e

3.21 HM2co mME HiM i, a*ghe #Zrasta, b*gk2 FUskh
Table 5= FALzo] wZ WHES HERFS 3.2.2 ol M}2 SAHA

otolr 7] ¢5te] &H] 1:100, pH 5.5, FXMAZE 80

H ool %(o.w.f)o A -=E 40~

g, AAEE S0%o WD SRS 40-120 0C#  Hss, Quazt 802, A8ex 100Co|A Ao

oA 20CTH BistA 7| AT Aot £ 10~500%(0.w.f)2 WHIAZ|HA FHE G
FIEAPH A et BhdANAAE] mE A =7} o] dzters U Aol dA=n 500%7}A|

Table 62 SEQEEE o|-&3lo £4] 1:100, §&

Aol mEt Kisgro] SR 12008 F oo zipeaz daxere A2 Soltold 27t
A% F7HE BAY. GH2ET Aol wEk 4 Zo| EatEo] 23 AFHE 100%2 AH5H
Ago] FEE olfre 2=AS wet 2 oA JEARA S AL ML gRHPoz YAD
€ 7= AR 9A #7F T718k @RS EET o)glm RV A-SE LGS WOl a*gka)

AX7] w&olth 120CoA FF3] F7Het AL b*Zte Z7bstath gUAA A o] Aol MAto)

nengtos Hge T2/l BFH HGUYRE  BE YRADO|D HE7 AULEE LA o}
dmol kit Jxo] 2UVEYY] ol A a*gkat brghe Z7hetaAc.

B4 GAL AL 120CAH GastE Hol PEo B GANE FEAEA ezt Bdard
autdol dx) th4o] AAFMAA A 100Co] Az o] Hs) BH ETH o]t

Textile Coloration and Finishing, Vol. 27, No. 1



100

Table 6. Effect of dye concentration on the K/S values of
cotton fabrics dyed with Zizania latifolia Turcz. extract
(100C, 80min, pH 5.5)

ola

Table 7. Effect of dyeing time on the K/S values of
cotton fabrics dyed with Zizania latifolia Turcz. extract
(100%, 100°C, pH 5.5)

Pretreatment KS L* a* b* Munsell Pretreatment KS L* a* b* Munsell
10% 098 7739 237 1412 09Y 7.612.1 20min  1.86 66.64 3.14 13.14 03Y 6.52.0
30% 126 7338 270 1353 0.6Y 7.212.0 40min  1.85 6674 337 13.65 0.2Y 6.6/2.1
50% 125 73.07 281 1311 04Y 72120 60min  2.02 6586 3.61 1430 02Y 6.522

Chitosan
100% 223 6216 383 14.61 10.1YR 6.4/2.3

Chitosan
80min 223 62.16 383 14.61 10.1YR 6.4/2.3

200% 235 6770 4.02 1663 04Y 6.72.6 100min 213 6562 391 14.85 10.1YR 6.4/23
500% 359 63.03 494 1883 03Y 62/3.0 120min  2.06 65.65 3.87 1474 10.1YR 6.4/2.3
10% 050 7880 3.67 875 74YR 78/15 20min  0.74 76.11 413 9.87 75YR 7.5/18

30% 0.67 7740 4.18 1080 7.9YR 7.6/1.9

50% 0.68 7777 414 11.62 8.0YR 7.7/1.9
Tannic acid

100% 085 7545 421 1188 84YR 7.4/2.0

200% 1.00 74.67 467 1326 85YR 7.4/22

500% 175 7074 477 1601 9.5YR 7.02.6

40min 079 7545 4.15 10.87 8.0YR 7.4/1.9

60min 081 7523 424 1139 82YR 74/2.0
Tannic acid

80min 0.85 7545 421 11.88 84YR 7.4/2.0

100min 096 73.82 456 1251 83YR 7.3/2.1

120min 095 73.71 435 1259 8.6YR 7.3/2.1

3.2.3 FMA|Ztol| M2 FHAY

Table 72 WA ES WAz wE AZFS
Jgjzg vebd AHolth £u] 1:100, pH 5.5, G
2% 100C, A5 100%4 20~1208 H ol A
208 HAoR AMAIZEY WHItE FH FAEHT

715*%1%&«1 78 FAATE 80ROA F Y
S Y sBdadA g Fes GHAZE
120E- 7] %‘&‘WJO] AD$E d2o] A&t
Z7bslAnh. MAS 60E7A] YA Eolal 80 o|At
olAE YRAEE Yebgen dixzezs FAAZE
o] AZFE a*gT b*Ph2 F7Ish BHdAPEA
29 Fee AAfo] BE YRAEYY MutHes
7t A-SE L2 RobA L a*3at b*gre
7t

Az e QAHE | EAEA 27t BhdAl
Ao Hls N aH}AHIYTt o]F HYPL
AMAZHS 0Eo 7 At rt.

0?2

3.2.4 €L pHOj| U2 HAM
Table 82 £u] 1:100, GMAIZF 80&, GAFE
100%(0.w.f), GMLx 100CoAx &L pHE 3,

A pEe A A 27d A 12

5,55 7,9, 112 ZA3te A3 HAE
2 el Rolth

AEAAA o SR e BE pH 3
99 @FFe dehjot 259
gl Balo] T FRAeo AEH S B
Mol e Lol AZpFo] £4% Ao
Hol AYARE AZETh WABLS Ao
ZEARY pH SSOINE B AZFS ve
2 B AYelNE @89 pHE 552

AEAAA ] He A Ao
QT BUAAAYY ALE AAo] BE YRA
golgirt.
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Table 9= EEFH WAEY AgAH =S} b
Aot Agdg=s AAFN AF 4ut3
o2 A3 Qe FHAAE SRS W 7'
AdA e BhdAd A E] EAEolA HEAML HF
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U}éVdﬂE—E 715&7(*?4?49} Ehdibd A B
A A=A oA AR S5Fo2 w9 955k



ffo
o

522 U8 Husol AM

Table 8. Effect of dye bath of pH on the
cotton fabrics dyed with Zizania Ilatifolia
(100%, 100°C, 80min)

K/S values of

Turcz. extract

Pretreatment K/S L* a* b* Munsell
3 235 6987 451 1645 9.8YR 6.92.6
5 180 6992 350 1460 0.2Y 6922

55 223 6216 383 1461

Chitosan
7 214 6847 379 1624
9 147 7367 403 1748

11 076 8329 184 1659

10.1YR 6.4/2.3

04Y 6.7/2.5

0.3Y 73727

1.8Y 83/23

3109 7367 608 1272
5 078 7730 462 1213
55 085 7545 421 11.88
Tannic acid
7 08 7501 413 1212
9 101 7453 450 134

Ir 079 7815 400 13.67

6.8YR 7.312.4

8.0YR 7.6/2.1

8.4YR 7.4/2.0

8.6YR 7.4/2.0

8.8YR 7.3/2.3

9.1YR 7.7/2.2
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Table 9. Colorfastness to washing and rubbing of the
cotton fabrics dyed with Zizania latifolia Turcz. extract

‘Washing Rubbing

Pretreatment Neutral Dry Wet

Fade Stain Fade Stain Fade Stain

Chitosan 4 4 5 5 5 5

Tannic acid 4 4-5 5 5 5 5

Table 10. Colorfastness to perspiration and light of the
cotton fabrics dyed with Zizania latifolia Turcz. extract

Perspiration

Pretreatment Acidic Alkaline Light

Fade Stain Fade  Stain

Chitosan 34 4 3 3-4 3

Tannic acid 34 4-5 4-5 4-5 4

4o WMoz o] Holx ghth shgel Wl
whe} UV-A(320~400nm), UV-B(280~320nm), UV-C
(100~280nm)2 U m o] F UV-C= 2EFA
Aoz Axde] =gt AYAHE UV-AL
UV-Bo]t}.

UV-A= A4 95%E AA|st=d EX et 4
w3lol AHAE W S 71 fRkeIE 4o
At UV-B= HiE &3 F5EH2 477
Arde] =25 dqFHolY # Yol g1
i e Y3l7l= st ZuriAdn v 2okl
Hglo] H7|= gt

A AdgE 53T 23 Table 113} Zo]
AL ARG A S(UPF)7F Y E 5, 7|EALH A E 6,
AP A 2 2 1091 WA | BEAMAA Y EF
FAEZol BUAAA Y SEFMEIE BT S0+E
UEH T Table 20 w2 A ARTER| 4= 15~24
+= good, 25~39+= very good, 400]AF2 excellento] H
Zo| &stnz, EAHAY EEQNE} A
Axe EFFMEL AdAxdas= g 9
gt ACE EEHEE H5Yd AYH AdAEE vH

A3 it
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Table 11. UV protection rate of fabrics dyed with Zizania latifolia Turcz. extract

UV protection rate(%o)

Test Method: KS K 0850-2009

UPF* T(UV-A)%** T(UV-B)%s*** UV-Ax*** UV-B#k*
Pretreatment

(SPF) (315~400nm) (290 ~315nm) (315~400nm) (290~315nm)
Control 5 19.7 18.8 80.3 81.2
Chitosan 6 18.8 14.7 81.2 85.3
Chitosan+Dyeing 50+ 1.7 1.5 98.3 98.5
Tannic acid 10 15.5 8.2 84.5 91.8
Tannic acid+Dyeing 50+ 1.8 1.5 98.2 98.5

* ultraviolet protection factor, ** transmission rate of UV-A, *** transmission rate of UV-B, **** protection rate of UV-A,

k% protection rate of UV-B

3.42 A3
YA FHE T WA, =
AR, gEl WA, 27 A So] gk o FHE
1:ﬂ-7.]] g AHAZF AEFHAI Bo|x
=¢eiAs AS-s|LHHEES 52 W=
drh ol ohE dRy o 2
HE 942 B A duud, 2
P24 JRo] ZFEHT, w9 W=

24, o]Aug| 24, =1 Y(nonenal) A —‘i—gi 5

of itk WAE WAL grmuel x4k W
Egw, Fopa, AF o] Sol glowl g
WAL gmuel 24k ohqEUHSE, Wd,

Fotsrrz FAH Yk 2d7] WAl ¢u
Yok, Fatssk, WAn2gg, oW dotyle] 5
o ey,

B Aot BE ofHo] FEHOR Sof9)
L ogmyolrtac] gat A4 A¥L st
Table 120] 2J3hd ¢Fmjo} 7FA(NH:)9] A&}
L A% 59.8%, 7|EAPAAEE 99.9%, EFHALAR
ZE 99.9%, | EAANT FME 99.9%, B
Ao GUE 99.9%= ekgeh AN L} GHE
BEA 99% £HYS R nE &7
o @A Roletn AT St gou 7 EAR

Ao Quzel BdAAA ANz A aAI}

of - =gk A2 st
];Hz}‘l— AnzRE 7|EA gdAl AAE &
FAZE T HA, = HA, A E A,

BFHYFY3A A 277 A 15

Table 12. Deodorization rates of fabrics dyed with Zizania

latifolia Turcz. extract

Pretreatment Deodorization rates(%o)
Control 59.8
Chitosan 99.9
Chitosan+Dyeing 99.9
Tannic acid 99.9
Tannic acid+Dyeing 99.9

WAl 227 dAe] AR gmuobrtae] diE
LAl WS 4ste] T 2@Hy] He &2
Ut H TR Fol A8 22 Aolzt A

Zhgit}.
3.4.3 3

Table 13 JuT 28 a4 ARl Ha
A3tE tehd Aolth

FLA2EL 94X 14%, 7| EALAA B E 98.6%, EF
JAPA A 99.9%, 7IEAMAA R FHE 99.9%,
BtdAbA A E GME 99.9%2 Uehytth 7] EANA
AL 98.6%, 71BEAPAA R HMETL 9.9%= A
ME13% FUlstgon EAEAD] x|
FdZ WS st BhdAbdA 2 29 B
AAAE GHME BT 99.9%E Uehl £4% 3
/o] gAmEolT GAHAE s ey Hd
A N2 ol % AL gt
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Ao gL | EAPAAT GMEE UV-A
98.3%, UV-B 98.5%, BlUAbAA 2] QMZE= UV-A
98.2%, UV-B 98.5%0]1 =}2] A3}k x]|4(UPF): =
T 50+2 w9 S5kl

GHEYol ZEANHy)o A 99.9%9] w43
2L Ho | HAY, =9 94, HjAE WA,
el d@A, 271X 5o AA w¢ &zt
Jde AoZ Yyttt FFAE BE 99.9%Z uf

oz Lol &AG| A FEL ol §stol
QAT 7154 AES £ 2 A EAER e
ehasba Aol s WABY Gugel A Y
Qi guAREsL FEstgon, 494 Ag
J A

ZAtel =

2 =82 F27AHNA AYdte 20139=
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