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ABSTRACT  Dyestuffs extracted from fifteen kinds of natural dyeing materials were researched on their antimicrobial
performance against 3 kinds of bacteria and 2 kinds of fungi in order to develop conservation/storage materials of traditional
and natural dyed papers. The three types of mordants were evaluated by using the same method and then mixed with the
dyestuffs to research their antimicrobial performance. With those results, dyed paper was made by mixing mordants with
9 kinds of dyestuffs with excellent antimicrobial performance. Among the dyed papers, Cotinus coggygria, Coptis chinensis,
Phellodendri amurense, Rhus javanica and Acer ginnala multiple mordant papers were found to have an antibacterial quality
against fungi, while, in the insect repellent experiment using termites, Coptis chinensis and Phellodendri amurense dyed
papers were found to have insect repellent qualities. Also, with regard to the research result about the affect of dyeing paper
on other materials like metal, Coptis chinensis have relatively stable qualities. Also, the three types of dyeed paper by Cotinus
coggygria, Coptis chinensis and Phellodendri amurense, were found to have a tendency to remove harmful gases. Not only
can these dyed papers be used for making storage box for cultural properties to prevent various organic artifacts from
bio-damaging, but they can also be utilized as functional finishing materials in various spaces.
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Table 1. List of microorganisms and insects used for
testing.

Species Source of supply
Bacillus cereus
+
Bacteria O™ T S taphylococcus KAERI
aureus
Gram - Escherichia coli KCTC 1039

Aspergillus niger KACC 43547
Penicillium

Fungi Mold chrysogenum KACC 42216
T;.fi{:hoderma JNUni
viride
Reticulitermes NUCH
speratus

Insect Sitophilus oryzae NRICH
Lasigderma NRICH
serricorne

Agt Aol e SUe Brhe AN 3, 2zt
o] AukE Fastel JAAE Axtsilch. AlzE FaR|l
P28 9 U5 59 ABIA)S, SarkE A7),
AR A7) 52 2ARIET ohed B B8R 2o
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21. SAM=E

211 A 2

HAYA Azl 754 BoHE Sisto] AEH o A}
K%, 7)3KPagoda tree flower : Sophora japonica), Z-5-A
Y(Madder : Rubia akane), ==E 2|27 0](Oriental chestnut
acorn cup : Quercus acutissima), Y7472 (Chestnut : Castanea
crenata), 2~%(Sappan wood : Caesalpinia sappian), X1t
T (Amur maple : Acer ginnala), Q7RUF-(Smoke Tree :
Cotinus coggygria), L2|UJF-Eul|(Japanese alder : Alnus
Jjaponica), 28R} (Gallnut : Rhus javanica), XZ(Gromwell :
Lithospermum erythorhizon), t(Polygonum indigo plant :
Persicaria tinctoria), XA Gardenia :
B 3)Safflower : Carthamus tinctorius), Y2 (Goldthread : Coptis
chinensis), 33 (Amur cork tree : Phellodendri amurense)
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Table 2. Dyed Korean paper(Hanji) by dipping method.

No Dyeing methods
) Dyestuff Mordant
Cont -
M-Al - Alum
M-Cu - Cu
M-Fe - Fe
O-No Oriental chestnut acorn cup None
S-Al Alum
SW-Cu Sappan wood Cu
SW-Fe Fe
ST-No
—S;__ éll Smoke Tree —Aéltm
ST-Fe Fe
G-No Gallnut
GA-CF Gallnut + Amur maple Cu + Fe
GW-Al Alum
GW-Cu Gromwell Cu
GW-Fe Fe
GT-No
—g éi Goldthread —Aé‘tlm
AT-Fe Fe
AT-No
—:]]:__ 811 Amur cork tree —Ag:lm
AT-Fe Fe
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L] A} Ak F3l B7FstETHTable 3). o] wff A2}
AE o]g3lod 354 L',a’, b & 25t thg 4L o8
ato] A2} AE'S AlAkst gt

N

¢

g

oot

r

AE"=[(AL')’+ (')’ + (Ab')"]"

2.2.5. QMR 7i5K B

3%9) 7154 AEAQIILE B ohe, A e o)
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Table 3. List of color difference.

AE* Degree of sensory perception
0~0.5 Trace
05~1.5 Slight
1.5~3.0 Noticeable
3.0~6.0 Appreciable
6.0~12.0 Much
12.0 ~ Very much

71(8491B : DC~18 (ifz), Coaxial Transmission - Line Holder
7} AF g9t

2.2.6. 2|2y =E B

ABEEAdo] 7P HoluA UL FAF2E| IS
ok S22 A7) $1810] Thin Layer Chromatography
(o]3} TLC)E AAJs}5ict. Silicagel 60/F254 Fluorescent
plateo]] &5 AZstr A7 (n-propanol : formic
acid : water = 90 : 1 : 9)& ARESto] A3 TE Wavelength
254, 365 nm AL ool A spotZ ER15}AL Rf(Rate of
Flow)3}& 215ttt
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w

3.1 84X FES0 A2l &7y

A FE= e I B7F Aik(Table 4), FFA]
Y, EEZgo], WA, &8, R, QujR), Ax,
A2 B. cereusol| A /o] UEL, £3] 459 7
£ o] Y= e A GMFESERT 3ulollA] 10)
7HA] Frat/g o] YebgtTt. S. auresol] thet g2 HFA
Y, ZEgZgo], W d, 48, LR, LU, 2]
A, Az, GAA YT E. coli®] A9 BEAY, 2}
Z, AR oA B/ o] UEhEaL, s o datoll visiA 4
qF o2 o] AA Yetkth WEAY B 24V
oA ZFAJo] YElt e, B. cereus 1 mm, S. aures 5 mm,
E. coli 5 im®] A& Asfigto] M= 919 3t A
Hol|A] t/do] 55 95 A=} v HAIE E35te
Tt A A B cereus®] 7S 2AVSI TR A
OF7Ee| g0l FRE AL, ke A7t Al HrkekA] &
%= e} FARSE A} ghE BT E. coli= 24N E%
Alel] gtdo] S31E AS ERIE 4= Y tHTable 5). 4.
niger, P. chrysojenum3} Z+-2 214-9] 79 ZEAY,
FEES E5°8 paper disk 9lo|x= A4S HolA] ¢Sk
t}. 3%-9] i HA] 5000 ppmo| A U Aol Fel
=R gkt

32 MR &7 A UEY
atol digt G4 =9 F7F 23, i R
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A= UadE 7HAIAL Lol A et 352 o] =4



Table 4. Comparison of the inhibition zone(mm) caused

of water extracts from various dyes.

No. Dye sample B. cereus S. aures E. coli
Activity Clear zone Activity Clear zone Activity Clear zone
1 Pagoda tree flower
2 Madder + 2.5 mm ++ 4 mm -
3 Oriental chestnut acorn cup ++ 3.5 mm +++ 9 mm
4 Chestnut + 2 mm +++ 9 mm
5 Sappan wood +H+ 10 mm +H+ 20 mm
6  Amur maple - 1 mm +++ 6 mm
7 Smoke Tree ++ 4 mm +++ 10 mm
8 Japanese alder ++ 4 mm
9 Gallnut + 2.5 mm +++ 7 mm
10  Gromwell + 3 mm ++ S mm -
11  Polygonum indigo plant
12 Gardenia - 0.5 mm
13 Safflower
14 Goldthread - 1 mm +++ 12 mm
15  Amur cork tree
Clear zone : - (0~1 mm), + (1~3 mm), ++ (3~5 mm), +++ (5 mm <)
Table 5. Comparison of the inhibition zone(mm) caused by Copper Mordant and various dye extracts.
B. cereus S. aures E. coli
Clear zone Clear zone Clear zone
No. Dye sample Dve & Dye & Dye &
Dye mg;dant Dye mordant Dye mordant
2 Madder 2.5 mm S mm 4 mm 11 mm S mm
3 Oriental chestnut acorn cup 3.5 mm 4 mm 9 mm 2 mm
4 Chestnut 2 mm 2 mm 9 mm 2 mm
5 Sappan wood 10 mm 10mm 20 mm 25 mm S mm
7  Smoke Tree 4 mm 6 mm 10 mm 8 mm 3 mm
9  Gallnut 2.5 mm 3 mm 7 mm 2 mm 2 mm
10 Gromwell 3 mm 3 mm S mm S mm
14 Goldthread S mm 12 mm 20 mm 4 mm
15 Amur cork tree 1 mm 3 mm 5 mm
Agkont, 5o mEsgel] oA 22 Zojut o] Aol U AL EAE 4= A Th(Figure 1).
AL, T viride & 79 FAA7F FAA] fJoA] 2 FAR] 19F0] gt S]] A 79 2}l A3, &
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P, chrysogenum I T viride

Control

Goldthread

Figure 1. Antifungal of dyed Korean paper(Hanji) by dippping method.

Table 6. Antifeedants of dyed Korean paper(Hanji) on
Reticulitermes speratus.

No. Dyeing Hanji ~ Mordant D?g;?l%ﬁgby
Cont Control (0]
ON Oriental chestnut o
acorn cup

SW-Al Alum 0]

SW-Cu Sappan wood Cu O

SW-Fe Fe (0]
ST-N (0]
ST-Al Alum 0]
ST-Cu Smoke Tree Cu )
ST-Fe Fe (0]
G-N Gallnut (0]

Gallnut

GACF  , Amur maple CutFe o

GW-Al Gromwell Alum (0]
GT-N

GT-Al Alum A

GT-Cu Goldthread Cu

GT-Fe Fe AN
AT-N

AT-Al Alum A
AT-Cu Amur cork tree Cu

AT-Fe Fe JAN
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Oddy test 23, 2(Ag) AlHAA = QAR A7l
2] A S g x]of ofsto] Ao] A HAHE IS 4
UL 72|(Cu) A[HAM = diF2Ee] FAR|of ofstod
w50 AAF R F2 AFoE o] Mok gl
3, AR} gholl A= L'gko] 2A) 3t AL 2l 8 4= A
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R AR, U 7] W E A, LAt ARl e
d 53 AR, B FojgR| o)M= F2jo] HeHA A

RS RIS 5 S 11 9 v} ol Ax], -
2 i GA| = FAo] Y | Ag SAT 5= Ak H(Fe)
AELE R TRl E A, QEiRE Al ] E B
Sl FA ol A FAjo] A X HE AL AU 4= AR
I 79 A5 R EA], v E i AR = R o)
AgE As TED 4= Ak F(Pb) AJHA HAH 2
2 A Mo] AA MR 2 AU 5 AU o
Fo BIE ko] Rt o2 i AA| A2 Al g5 4
ol § A== AL Felstgon, oz ok Yt
AR, AT 2] W FA, Lujp v ] 2
ER AR oA FEAA 3FF 54 Al MR g A
717F 2 Ae AT 5 U3 o2 FAX7F AdE o
Z A ol2hz e FUT 4= YA TH(Figure 2).
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FEY 3R = 12080] AUz 7kAFE o] AL o]Fo]X]
A FTt. o|A o2 njFo] & uff GMR| 9 o] 7hAY
FHRo|L AIAo ofudt PR ulFTtaL & 4= JTKTable 7).
715434 3F9] AXjuxid| 7] 52 30 Mk ~ 1,000 Giz7}
29| Z2RZul4 B4 0.0 dBE XHH|7]50] gl Ao
2 Ut o] Axut A7 9 e gt golu &8
ol AztE} At 7718 HE(AL7]58 TaaA, e
A E71E)o| 702 Had A 0= ARHLY

35 MIlgd £

ARG 714 Fold B 2282 TLCE A3
of FHEUS T Ff, QAo FFBAR oA
L berberine chloride®} Z-2 9]2] 9] RfgH0.25)L BHolat 2=
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Figure 2. Color difference of four metal samples.
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1. Berberine chloride (Sigma-Aldrich CAS 141433-60-5)
2. Goldthread (EtOH)
3. Goldthread (Water)

Figure 3. TLC pattern of dye compounds from Goldthread.
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Table 7. Change of Formaldehyde in a bottle containing dyed Korean paper(Hanji).

Time(min) Blank Cont ST-Al GT-Cu AT-Cu
0 50 ppm 50 ppm 50 ppm 50 ppm 50 ppm

30 50 ppm 49 ppm 22 ppm 21 ppm 20 ppm

60 49 ppm 48 ppm 21 ppm 20 ppm 19 ppm

90 48 ppm 46 ppm 20 ppm 19 ppm 18 ppm
120 48 ppm 45 ppm 20 ppm 18 ppm 17 ppm
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