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ABSTRACT

The purpose of this study was to investigate the functional properties of natural dyed
Hanji for cultural properties conservation and storage. To estimate functional properties
of Hanji, antimicrobial, insect repellent test, and Oddy test were executed.

Hanji dyed with 10% Golden thread (Coptis chinensis), a natural dye and silver nitrate
mordanting showed the most excellent antifungal activities against A, niger, P. chrysoge—
num, and Trichoderma sp. before and after aging.

The insects repellent test followed didn’t indicate significant effects on treated Hanji
against Lasioderma serricorne, Sitophilus zeamais, and Tribolium castaneum.,

According to Oddy test result, Hanji dyed with Golden thread and silver nitrate caused
no significant corrosions on copper, silver, and lead after aging 28 days.

Keywords: Traditional Korean hand—made paper, natural dye, antifungal activity, insect
repellent, metal stability, cultural properties
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Table 1, Hanji used for dyeing

Andong Hanji

Paper mulberry black bark
NaOH

PAM

NaClO

Ssangbal—choji

Paper maker
Fiber
Cooking liquor

Dispersent
Bleaching
Forming method
Sheet layer Single
39.0
0.35

7.1

Basis weight(g/m?)
Apparent density
pH(cold extraction)

Table 2, List of microorganisms

Type Name

Aspergillus niger KACC 41018

Penicillium

Mold
chrysogenum

Fungi KACC 41892

Trichoderma sp. KACC 41718
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Table 3. Antifungal activity of dyed Hanji
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Aspergillus niger

Penicillium chrysogenum

Trichoderma sp.

Dye, After—mordant Light aging Wet aging Light aging Wet aging Light aging Wet aging
Goldthread 10% AgNOs; 3% ++ ++ ++ ++ + +
Goldthread 10% AgNOs 6% ++ ++ ++ ++ + 44
Goldthread 10% AgNOs 9% ++ ++ ++ ++ + ++
Goldthread 30% AgNOs 3% ++ ++ ++ ++ + +
Goldthread 30% AgNO; 6% ++ ++ ++ ++ + +
Goldthread 30% AgNOs; 9% ++ ++ ++ ++ + +
Goldthread 50% AgNOs 3% ++ ++ ++ ++ + +
Goldthread 50% AgNOs 6% ++ ++ ++ ++ + +
Goldthread 50% AgNOs 9% + ++ + ++ + +
Tannin 5%, goldthread 10%, iy 4 N i B .

Sim—AgNO; 3%

+ : Antifungal activity, 1 week — 3 weeks

++ © Antifungal activity, over 3 weeks
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Table 4. Repellent effects of treated Hanji against Lasioderma serricorne

No. Insect?
Type Time () Untreated Treated No %" P
side (U) side (T) choice

1 9 7 14 56.3 n.s

2 b) 10 14 34.0 n.s

3 4 5 21 40.7 n.s

4 b) 7 18 43.2 n.s

ifotlgrt}jf;ﬁ &OZ’% 8 5 6 19 48.5 n.s
12 4 2 24 65.0 n.s

24 2 9 20 16.1 n.s

48 2 8 20 17.2 n.s

72 4 3 23 59.1 n.s

1 8 5 17 63.2 n.s

2 6 5 19 o7.6 n.s

3 6 8 16 42.9 n.s

4 6 6 18 51.4 n.s

gﬁfﬁ;ﬁgfgz" 8 3 5 22 40.0 n.s
12 11 5 14 68.8 n.s

24 9 6 13 58.7 n.s

48 8 6 13 58.1 n.s

72 4 4 18 50.0 n.s

1 10 8 11 55.4 n.s

2 9 9 12 50.0 n.s

3 7 6 17 51.3 n.s

4 6 6 18 48.6 n.s

g?;gfg?\%f}g%dthread 10%, 3 4 5 91 42.3 ns
12 7 6 17 52.5 n.s

24 9 8 13 51.9 n.s

48 6 10 12 39.6 n.s

72 8 5 11 62.2 n.s

2 Untreat(U) = white, Treat(T) = Yellow
Y QOlfactory response (%) = Untreated / (Treated+Untreated) x 100

9 The data was analyzed using binomial sign tests to evaluate the differences from 50 : 50 responses, N = 30, P (0,05, ns
(not significant) P » 0,05
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Table 5. Repellent effects of treated Hanji against Sitophilus zeamais

No. Insect?
Type Time (h) Untreated Treated No %" P
side (U) side (T) choice

1 4 4 22 45.8 n,s

2 22 52.4 n.s

3 3 3 23 50.0 n,s

4 2 2 26 50.0 n.s

it?tlssl—lfglggsogy% 8 3 3 23 47.1 n.s
12 2 2 24 50.0 n.s

24 3 2 23 56.3 n.s

48 0 2 26 12,5 n.s

72 1 2 23 37.5 n.s

1 2 1 27 55.6 n,s

2 2 2 26 46.2 n.s

3 2 2 26 41.7 n.s

4 2 2 26 54.5 n.s

gi?rll(%/?;el\?gfg‘;f ‘ 8 2 2 26 50.0 n.s
12 2 2 14 53.8 n.s

24 3 3 13 52.9 n,s

48 1 2 13 44 .4 n.s

72 2 3 18 40.0 n.s

1 2 2 25 50.0 n.s

2 2 2 27 50.0 n.s

3 2 1 26 63.6 n.s

4 1 1 29 50.0 n.s

g?ir—lilgi%g Gggdthread 10%, 8 1 5 o7 444 e
12 2 3 25 42.9 n.s

24 4 4 22 50.0 n.s

48 3 2 24 56.3 n.s

72 1 2 22 30.0 n.s

2 Untreat(U) = white, Treat(T) = Yellow
Y QOlfactory response (%) = Untreated / (Treated+Untreated) x 100

9 The data was analyzed using binomial sign tests to evaluate the differences from 50 : 50 responses, N = 30, P (0,05, ns
(not significant) P » 0,05

J. of Korea TAPPI Vol.48 No.3 Jun. 2016 85



i3

Sl BE - B MAGMX| JHE(K22)

Ao
fol
I

Table 6. Repellent effects of treated Hanji against Tribolium castaneum

No. Insect?
Type Time (h) Untreated Treated No %" P
side (U) side (T) choice

1 b) 17 8 21.2 0.0169
2 2 19 9 9.5 0.0002
3 1 24 4 3.9 p<0.0001
4 2 25 2 7.4 p<0.0001

i?jﬁf}jf;ﬁgfg’% 8 2 26 2 6.1 p<0.0001
12 4 19 6 18.6 0.0066
24 1 25 3 5.0 p<0.0001
48 0 29 0 0.0 p<0.0001
72 1 27 1 3.5 p<0.0001
1 3 21 6 12.7 0.0003
2 2 20 7 10.3 0.0005
3 2 25 3 6.2 p<0.0001
4 7 19 3 25.6 n.s

ggld_ti;el\?gfgg 8 3 92 4 1.8 0.0005
12 2 23 4 8.0 p<0.0001
24 1 25 3 2.6 p<0.0001
48 0 28 0 1.2 p<0.0001
72 0 25 0 1.3 0.0003
1 3 22 5 10.8 0.0002
2 4 20 6 15.7 0.0015
3 2 25 2 7.5 p<0.0001
4 1 26 2 3.8 p<0.0001

g?ﬁr—lfgi% Gopdthread 10%, 8 2 29, 4 8.2 0.0005
12 2 23 4 6.7 p<0.0001
24 0 25 4 1.3 p<0.0001
48 0 26 2 1.3 p<0.0001
72 2 25 0 7.3 0.0003

2 Untreat(U) = white, Treat(T) = Yellow
Y QOlfactory response (%) = Untreated / (Treated+Untreated) x 100

9 The data was analyzed using binomial sign tests to evaluate the differences from 50 : 50 responses, N = 30, P (0,05, ns
(not significant) P » 0,05
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Table 7. Induction effect of color of tant paper and non woven fabric on Tribolium castaneum

No. Insect?
Type Time (h) Untreated Treated No %" P
side (U) side (T) choice
1 13 16 1 45.5 n.s
2 11 19 0 35.6 n.s
3 9 21 0 29.2 0.0428
Tant 4 10 20 0 33.3 n.s
8 8 22 0 25.8 0.0161
paper
12 7 22 1 23.0 0.0081
24 8 22 0 25.8 0.0161
48 8 21 1 28.4 0.0241
72 7 20 3 247 0.0192
1 8 20 1 29.1 0.0357
2 8 21 1 27.9 0.0241
3 9 20 1 31.0 n.s
4 8 21 1 26.7 0.0241
Non—woven fabric 8 8 21 1 28.7 0.0241
12 7 22 1 24 .4 0.0081
24 7 22 1 23.9 0.0081
48 6 24 1 19.3 0.0014
72 6 21 1 29.5 0.0428

2 Untreat(U) = white, Treat(T) = Yellow

Y Olfactory response (%) = Untreated / (Treated+Untreated) x 100

9 The data was analyzed using binomial sign tests to evaluate the differences from 50 : 50 responses, N = 30, P { 0.05, ns

(not significant) P ) 0,05
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Table 8. Life test of Lasioderma serricorne
Mortality (%) @
a)
Days Treated .
after  Goldthread 50%,  Goldthread 50%, Ta‘g‘lm 5(;%’i0(;°1d_ Untreated Control
. rea 0,
After—AgNO; 9% Sim—AgNO; 9% Sim—AgNOs 3%

1 21,7 + 17.6a* 16.7 + 5.8a 8.3 + 10.4a 15.0 + 13.2a 6.7 + 11.5a

2 26,7 + 11.ba 21.7 + 5.8a 13.3 + 12.6a 18.3 + 17.6a 11,7 £ 1l.5a

3 50,0 + 13.2a 350 + 13.2a 350 + 00a 50,0 =+ 180a 30.0 =+ 5.0a

4 51.7 + 10.4a 517 + 7.6a 617 + 58a 55,0 £+ 21.8a 417 + 7.6a

5 65,0 £+ 13.2a 650 + 13.2a 66,7 + 76a 60,0 + 21.8a BH1.7 £ 23.6a

6 80.0 £ 180a 667 + 11.5a 73.3 + 5.8a 63.3 + 20.2a 633 + 7.6a

7 86,7 + 153a 717 + 11.5a 81,7 + 16,la 833 + 161la 817 + 16.1a

? Untreat(U) = white, Treat(T) = Yellow, Control = Empty

Y Means within a column followed by the same letter are not significantly different at P=0.05 (Tukey’s studentized range

test, SAS Institute,

Table 9. Life test of Sitophilus zeamais

1991).

Mortality (%)

Days Treated”
after  Goldthread 50%,  Goldthread 50%. Taiﬁjf’io?yfld_ Untreated Control
After—AgNO; 9% Sim—AgNO; 9% Sim—AgNOs ’3%

1 6.7 + 929a 67 <+ 58 173 <+ 1lda 150 + 132a 77 <+ 12.6a
9 200 + 13.9a 183 + 58 133 + 12.6a 183 <+ 17.6a 1.7 + 1L5a
3 500 + 92.9a 30.0 + 13.2a 360 <+ 10a 500 + 18.0a 30.0 + 5.0a
4 5.7 + 189a 350 + T7.6a 6.7 + 58 550 <+ 2.8 427 + T.6a
5 80.0 + 926.5a 63.3 + 13.2a 667 + 7.6a 6.0 + 9.8 5.7 + 93.6a
6 9.7 + 58 900 <+ 1l5a 743 + 625 633 + 202 633 + 7.6a
7 96.7 + 58 1000 + 1l5a 8.7 + 161a 833 + 161a 8.7 + 16.1a

2 Untreat(U) = white,

Treat(T) = Yellow, Control = Empty

Y Means within a column followed by the same letter are not significantly different at P=0.05 (Tukey's studentized range

test, SAS Institute,

88

1991).
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Table 10, Life test of Tribolium castaneum
Mortality (%)
Treated?
Days X
after  Goldthread 50%,  Goldthread 50%, Ta‘;ﬁm 5(;%’i097°1d' Untreated Control
. rea o,
After—AgNOs 9% Sim—AgNOs 9% Sim—AgNO; 3%
1 6.7 + 2.9a* 6.7 + 5.8a 3.3 + 2.9a 10,0 =+ 5.0a 3.3 + 2.9a
2 20.0 + 13.2a 18.3 + 5.8a 8.3 + 2.9a 11,7 + 58a 10,0 =+ 13.2a
3 50.0 + 229a 30.0 + 5.0a 23.3 =+ 7.6a 30.0 + 15.0a 200 + 8.7a
4 51,7 + 18.9a 35.0 + 10.0a 26.7 + 10.4a 50.0 + 17.3a 355 + 15.0a
5 80.0 + 26.5a 63,3 =+ 126a 450 + 26.0a 583 + 189a 51,7 £ 225b5a
6 96.7 + 5.8a 90,0 + 13.2a 73.3 + 7.6a 83.3 + 14.4a 73.3 + 7.6a
7 96.7 + 5.8a 100.0 =+ 0.0a 98.3 =+ 2.9a 93.3 + 7.6a 850 =+ 8.7a
# Untreat(U) = white, Treat(T) = Yellow, Control = Empty

Y Means within a column followed by the same letter are not significantly different at P=0.05 (Tukey’s studentized range

test, SAS Institute, 1991),

Table 11. Color difference of metal after Oddy test

Dye Metal . Before‘kag*ing : After allging i AE
* a’ b* L* a* b*

Tannin 5% Cu 77.61 18.27 25.50 67.28 21.75 30.38 12.0
Goldthread 10% Ag 96.72 0.05 1.95 95.42 0.07 2.57 1.4
Sim—AgNO3 3% Pb 52.65 0.82 -0.02 47.18 0.08 0.00 5.6
Cu 78.30 17.92 25.11 67.26 22.93 32.40 14.1

Control Ag 97.09 0.04 172 95.49 0.06 2.49 1.8
Pb 51,04 0.77 -0.57 45.86 0.79 -1.67 5.3
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Table 12, Weight difference of metal after Oddy test

Dye Metal - Weight (g) - Weight difference (%)
Before aging After aging
Tannin 5% Goldthread 10% o -89 et 0.om%
ol Ag 2.08 2.08 0.055%
Pb 2.06 2.06 0.015%
Cu 1.82 1.82 ~0.016%
Control Ag 2.08 2.09 0.036%
Pb 2.01 20.1 0.022%
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