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Abstract This study was to investigate the practicality and functionality of water
lily(Nymphaea tetragona) leaves as a natural dye resource while searching for various
dyeing methods to utilize them. Effect of dyeing condition including methanol ratio of dye-
bath, dyeing temperature and time, mordanting method, etc were investigated. Colorants
were prepared by extraction in methanol and followed drying process. When composing
30% of methanol in the dyebath, better dyeuptake and uniform dyeing were resulted.
Pre-mordanting method gave better results in terms of dye uptake than post-mordanting
method on the wool fabrics. Fe and Ti were effective for increasing the dye uptake on the
silk fabrics. Depending on mordant type and mordanting method, the dyed fabrics got
various color showing green, khaki, brownish yellow, dark brown, dark gray and so on.
As for color fastness, the silk fabrics dyed with water lily extract showed relatively high
rating in light fastness(3~4, 4~5 rating), washing fastness(4~5, 5 rating), and rubbing
fastness(4, 4~5 rating). The silk and wool fabrics dyed with water lily leaves extract
showed excellent antimicrobial activity over 98% of bacterial reduction rate against
Staphylococcus aureus and Klebsiella pneumoniae. It was confirmed that water lily leaves
can be used as a natural dye resource for dyeing wool and silk fabrics because its colorants
showed excellent affinity and antimicrobial functionality as well as good colorfastness.

Keywords water lily(Nymphaea tetragona) leaves, silk, wool, methanol extract, mor-
dant, colorfastness, antimicrobial activity
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Table 1. Characteristics of silk and wool fabrics

Silk Plain 154 X104 42+2 0.115%+0.005
Wool Plain T4XT1 97+5 0.28%0.02
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R : Reflectance
K : Absorption coefficient

S ¢ Scattering coefficient
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£ AF8-3}o] AATCC Test Method 116—-19899] &
skl Axe} 53 AdEfol Al 22 103] upak Al & ¥
A A48 Tdo] AA Y} QARG E AAUR B
7FetSict

JF A= WZFAIE 7] (Xenon Test Chamber,
Q-Sun Xe—1-b, USA)E AH&sto] 7h2ota A&
15~17A, oF3AY 125~140V, 7AW == &
99 (black panel) 2=A =2 Z435Fo] AATCC 16°]
O|A 63T, 7IHEE 30%2 ZHAA 20417 FZAL
Sko] KS K 02189] Wil whet 535 B7Fetoint

2.6 &g "ot

T M GO gt S FA LA
at(Staphylococcus aureus ATCC No.6538)3} ¥
2t (Klebsiella pneumoniae ATCC No.4352)S &
A+ 2 ko] KS K 0693:20110] &3ko] A3 54
of, HEGS P B wfA]of] HEsho] 37CollA 48
A|ZE feFgt S-ofl viZ] 20mlel] E3to] 37Tl A 24
AlZE 21 wjeFskeith, SRS 8 FEAE ol85)
oA A7 1£0.3x 1070 /ml7t H2& 245 $-of
0.4g9 Agxe} = AJgxo| 0.2mlS FILF 4t
3, JEste] 3TTolA 18417 v ekgt, 1 & 7F 4
Az R FAS FE5to] A2 Ad-= 100, 10,
107, 10°%, 10" SJAAIZ] 2 Z42F 1mlS A5 ske] g4
uj Zof] Za1E Aof 37T oA 48A17F v T 5 At
T AAsEAT. A HasS o A©2)of osf Al
4FsFATE,

-+

- 2HRE SHeR 173

Reduction rate(%) = (Mv— Mc) / My X 100 -+(2)

where,

Ms © Number of bacteria recovered from the
undyed fabric

M. : Number of bacteria recovered from the
dyed fabric
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Figure 1. Effect of dyeing temperature on the dye up—
take of silk and wool fabrics.
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Figure 2. Effect of methyl alcohol content of dyebath
on the dye uptake of silk and wool fabrics.
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Figure 4. Effect of dyeing time on the dye uptake of
silk and wool fabrics.
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Figure 3. Effect of colorants concentration on the dye
uptake of silk and wool fabrics.
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Figure 5. Effect of pH on the dye uptake silk and wool
fabrics.

K/S value




M pre-mordanting

O post-mordanting

15 +

10 +

K/S value

Al Fe Cu Ti

Mordant

Figure 6. Effect of pre— and post—-mordanting on the
dye uptake of silk fabrics.
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Figure 7. Effect of pre— and post—mordanting on the
dye uptake of wool fabrics.
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Table 2. Color changes and K/S values of dyed silk fabrics depending on mordant type and mordanting method

Fabric Mordant K/S H V/IC L* a* b* Sample
None 10.44 56  51/42 515 .41 30.11 -
A 1058 27V 5337 5428 355 251 [
Fe 12.06 0.4y 3919 4001 3.46 12.66
. E
Cu 9.71 457 50533  50.76 .44 23.03 -
Silk Ti 16.7 0.7Y  51/69  50.93 12.40 43,77 -
A 1099 59 5242 w23 078 2% [N
Fe 14.05 8.4y 2807 2812  -0.84 4.74
. PR T
Cu 1133 1.2GY  46/3.6 4654  -516  24.69 -
Ti 11.46 37Y  5.1/48  51.80 4.66 33.38 -
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Table 3. Color changes and K/S values of dyed wool fabrics depending on mordant type and mordanting method

Fabric Mordant K/S H V/C L a* b* Sample
None 18.12 50Y 4037 4068 2.45 25 87 -
o e s osome w28 25 [
Fe 24.88 31Y 2620  26.28 2.34 11,97
. i
Cu 244 17GY  31/3.0  31.65 -4.37 18.84 -
Wool Ti 24.88 36Y  37/44 3695 5.34 28.98 -
a9 sar azs aoe 20 20 [
Fe 18.90 7AY 3021 3044 030  13.63 -
Post-
Cu 18.97 77Y 3935  39.43 -0.82 25 12 -
Ti 18.17 39Y  41/38  40.99 3.87 26.42 -
v Folo] e Zvkol o EBAoIAT, AL Cu W Curl B AT BE Aot e vl
v e o] et 2ol st vlul kit o}, WEL o] BAgo] Fe-Ti-Cu-Al v}
nAE Fe 7 H%‘ FO] AztEFLe 1812019101 A2 Yoron A BAE HE Al o g2 R
Ao Ao oJsl] z+zt Al 23.47, Fe 24,88, Cu 24.44, H, V, C & #ol7} §lo] /‘”“0] H]223}9 11 Fe
Ti 23.04 o|gith, BAEL Mujo] g g2tefo] oS Mo d}t Tufd mE L a¥ bFgro] mE
A 1o Foletel SI9 WA 7 20 ol 243 SH viehte Gu % Hupa*&ﬂ
ShalTh LA el e SUeA FUHEE T A oA S402 gassen T g
Q3jchal B} b gho] BE ZolA ylepd Mo g 4&]5]04;}
Table 2, Table 32 <4 ‘3—1 Aol i AR % Q) GAISH At green, khaki, brownish yel—
A Q] o] o w2 AW SIS At E 7] 95} low, dark brown, dark gray & tF3h Ajo] W& |

Munsell®] AAH(H), %‘E(V), 4 &= (C)9} Hunter?]
a*, b*& YUetd Aolth, 1 23} GYAERE et

Table 4. Colorfastness of dyed silk fabrics

Atk |27 EH +H o F& dEe NIAY TR

Mol ujel chopet Alo] ERTE chY ARS &

Ml

Fastness Washing Rubbing
Fabric _ Color Stain Stain
Mordants Light h :
change Cotton Silk Dry Wet
None 3~4 4~5 5 5 4~5 4~5
Al 3~4 45 5 5 4~5 4~5
Cu 4~5 5 5 5 4~5 4~5
Pre—
Fe 4~5 4~5 5 5 4~5 4~5
Silk Ti 4~5 5 5 5 4~5 4~5
Al 3~4 4~5 4~5 5 4 4
Cu 4 4~5 5 5 4~5 4~5
Post—
Fe 4~5 5 5 5 4 4
Ti 4~5 5 5 5 4 4
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Table 5. Colorfastness of dyed wool fabric
Fastness Washing Rubbing
Fabric . Color Stain Stain
Mordants Light h
change Cotton Silk Dry Wet
None 1~2 3~4 4~5 4~5 3 3
Al 3 3~4 4~5 4~5 3 3
oro Cu 4 3~4 45 45 3 3
Fe 4 4~5 5 5 3 3
Wool Ti 2~3 4 4~5 4~5 3 3
Al 3 4 4~5 5 3~4 3~4
Cu 2~3 3~4 4~5 4~5 34 3~4
Post—
Fe 4 4 5 4~5 3 3
Ti 2 4 4~5 4~5 3 3
4= qlet. Table 6. Antibacterial activities of dyed silk and wool
fabrics
3.3 BHTE= B0 Antibactt(_er.ital Bacteria reduction rate(%)

23 ol A A0] ol = Wlsly] Qlala] oA activi ;
o o] A AE =S ko] FA A y Staphylococcus Klebsiella
o] Azl &4] 1:50, WEhe 3HF 30%(v/v), & Sample aureus pneumoniae
M= 2.5%(0.w.b.), 100, 60& FA3tAct. o Silk 98.28 99.06
A A Al, Cu, Fe, TiZ A3l A = Wool 98.41 98.08
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