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Abstract

This research compares the change in berberine content in liquid dye and the color and dye uptake of
amur cork tree dyed silk upon thermal degradation treatment. Thermal degradation of amur cork tree extract
and liquid dye of standard berberine was carried out at room temperature, 4°C refrigeration, and 100°C
oven conditions for 0-192 hours. Amur cork tree dyed silk was treated in a 100°C oven for 0-240 hours.
The berberine content in liquid dye was measured by the relative abundance of the berberine peak in the
HPLC-MS chromatograms. The color and dye uptake of dyed silk was measured using K/S value and
colorimetric data. The berberine content in standard berberine dye was 2.4 times that of the amur cork tree
extract. A similar result was observed between the K/S value of standard berberine dyed silk and that of
amur cork tree dyed silk. The berberine dyed silk showed the highest dye uptake after 120 hours in a
100°C oven. This result was similar to the change in a berberine content in liquid dye in a 100°C oven treatment.
The change of the K/S value of amur cork tree dyed silk and berberine content of amur cork tree extract
was similar up to 24 hours. The result suggests that there is a direct relationship between the color change
of amur cork tree dyed silk and the berberine content in amur cork tree dye.
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Q1 32F2] AF el A ui-g- QFEM7L- doltt

HA el ARENE JAFGEELS i
T 2AEY 9 B, duf, 52 YR I REE F
ZH 952X 2Fe] 7k B9ol i de i
FE I S E‘g?ﬁ?_ﬁ]'. *46304:1"01] 9|
= 4o g
3}(degradation)ol] 2]af R AU 7143 H:‘r— e g
213} tH(Ahn & Obendorf, 2003, 2004, 2006). WEFA]

AAYEE N AEol Ak RS AF W
0] iz gl A2 2ol Asgel Bl

AasAY Wk doEe e
B AT E FEEA 9 F ﬂﬁd*&ﬁr 1%6}@1
fﬁi«l A2 gl WZHEe] g wstel g
E2 FAg A Eo A} Wsleto] HAE AL
X} zhﬂr. ol& flall WA FHOoRKH F=
Sigma Aldrich(USA)i-}?'—Ei T3 wlEw A
£ 100°C 2 E(OV), 2 2(RT), & 4°C ¥7 AJefol|A]
A A7 A Ee] 9EE HIAR F FARA
uﬂeuﬂasﬂ 32-S HPLC-MSZ £-4] s}zx} S}
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JE% 100°C -
A2 % 2405 B4 EE 2T B, A
A, A gae N ¥ wasl dAg A
o) Bae) AEg vwgo s FEHE Had
< A0 4 Qo) A8 FRe) Halet 444
AHo] &g FHE A} ) B =5

AldrlchiTH TYUS BEAE AFEES AAE w=

2Wd ETEE =2
2 W= EEREE THAE BEol 9 2
2YEe] Fiuol Ui FAzE W2 o 3
shaAt g,
IL O|EX HiH
Fue eavtel YPPIRLOR SHoobt

Aol -2}t x}xg-s = %1-‘3_3,1/}1,1{_ &1 o
Phellodendron ammurense R. ¥4 Amur Cork Tree
Z 4284 AtH(Hu et al., 2010; Read & Zasada, 2008).
e =TS Wyt 97148 AAGAEA dE
= W ol srEe] i AAsde] FARS
] 28] 2 (berberine, [C2oHisNO4]", EAFE=336)°]tHHu
et al., 2010; Li et al., 2009)(Fig. 1).

HEZ 52§50 HAdgl ] B2 AFEol

2X Elol NS A+ 91
0\
0]
X
+
H;CO
OCH,

Fig. 1. Structure of berberine.
ololgom tre] AP vHEY I B AN
A& AlEYCIES AEott. a8y wEd fE F
53] FER4e) Hud] tj3 ATE BusA e
T2 ol% % ke B & §71870) Bae wd
Zol M A gk 47199 A sl o}y
‘ﬂﬂo}ﬂl THEE vt Qe 71 geaL sk @

H AFZA] Needles et al.(1986)2 alizarin, brazilin,
carminic acid2 YR} AIAE G35 pH 7, &%=
28°CSl ¥ <5 2.5cm oFgfoll 14U 7F & A G413
2E ‘j«] Ao] o] FA WA EATAL BAlsti .
Peacock(1996)yS A4} W3}lol= o] gix vt F &S
g &l 23 A& Hilsle A=E HEEUTH Lee
et al(2001)> 2%, 9, 2px = W Ag E
37 %, B & 8 & 474 1d A% Bastie] A g

B4 H3E 2AFIIEY o dAg iy e
3719k & & By Sala Wt gilont B &
R ‘:5—‘-:—7} Aslsllal A& o]
APtk s

&0 AES EE

off
by

A, 011** 7}~?ﬂ ‘ﬂ—r Elii} el
d49d = 401],\1 FAbslAl 228 < ok A3
FaEAre] Al wsks #Esly] 9l
T2 A ‘: ‘:‘&%‘94 OP/}_‘?‘_H Q20| ATt Peacock
3 S0% skl 219

3%t} Block and
9} A W32 2A}E7] Y8l 100~150°C Q&

1m(1986)—‘ A Ei/\ A8 ,] ALY
oA A
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251%1t}. Brushwood(1988)% 200°Ce] o]2& &&=
WollA 2027 A ES 7FE S A3} o] dojytrh
3 B3 Needles and Nowak(1989)2 HIH &
2 A3 HAdlS 180°Ce] L E A 1~10~]7F vhx| &

S

Az} Aol o olFT wekdl %S = Hdckn

e

orye TeaolN ael o5t 712 s}
SR8tk GlA NgHEo] 71700 AA B &
o f1BACENE AL 5 e ASE 45
% gl YEHQ Aotk e 8ol o7 we 5
gae exd = ;

N
)
=2
lo
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o
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o
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sslzrg-o] Hx1E T o] 8 A3} &
257k 10°CH Eobd winjrt 88huk-g-o] L= 2ul
Z7Fte Aoz LA tH(Connors, 1990; Ramos
et al, 1995). ¥ AFolxE= APA7ol 27ste] e
Helst ovel Aghe Az dAES] 4 H3l |
Qo= ARg-atarx} siry, gk e Bwo] os Est
HE gRlsr] fla A2l RT ilﬁ]') 9 4°C
WA el8t LTek A= =Yste] 3 FE2Hs59
HEZWY EFYEE 3N 5Y 952 g4
@ ARES HIAA A9 0 el T usl
9} FAS AR E9 A wsle] AAE e}
Ei3=3

II1. Q37t4b

.0 7 A1, vl 282 5 8 (Berberine chloride)
= Sigma Aldrich(Milwaukee, WI, USA), WE-S-(HPLCH)
2 Acros Organics(Morris Plains, NJ, USA), acetonitrile
(HPLCH ) EMD Chemicals(Gibbstown, NJ, USA),
Formic acid(ACS analytical reagents)2} HPLC water
(Chrom AR+ )= Mallinckrodt Baker(Phillipsburg, NJ,
USA), #ul o] 4| (Potassium aluminum sulfate, AIK
(SO4)2:12H,0):= Shinyo Pure Chemicals(Osaka, Japan)
oAl FdsksiTh HPLC-MS A& A&l = el il
7} 733}El 0.45um syringe filter(Alltech, Deerfield, 1L,
USAS A}%o}‘ziv} AR EL KS K0905 F4 &S 3
SO FA G ATFA(KATRNNA FY3k3ATE A oll=
Barnsteaad Nanopure System2 2+ Corning Mega-
pure MP(Millipore, Bedford, MA, USA)Z S&{3 &
(deionized water)S AF&-3}33 T}

1) 4ol M= & Els}
2w EFLE 0.1gS 100mLe] Hl€HE(HPLC
ol gsliste] ZEENS Az & 20
F 200mLol B3 60~70°Coll A 90E-7F F=51%]
AA E3} A 7S 0~1924 702 3l A &(RT),
L), 22(0V) S-S A3 v 2w EEH N
W ZZdolo] AR vial(Fisher Scientific, 25x95mm)
Z}z} 0, 24, 48, 96, 144, 192X 7] & #o| B3}
7t vialell 2mLe] Aol FHsksrh A>RT) A<
A= viale] 548 & 2oL o R I &
Yol kel APA AFY shde]] FATE WAL
195 S8IAE viald]l F4< & 20 defdgos
T 4CE FAEE A T LEO0V) A
9
o

=
=
}_
K
El
o 7

>

e o ﬂ

TS viale]l 4S5 =35k 22 5 100°C
HAT} B3t AIZHE R RT, LT, OV JE| 25
vial& Z1W HPLC #41& A 01 0A7F AR
BIAFNA] - control A/ B S W3HH AlFE FH)
HEZ HPLC-MS #2418 AAISFAT RT % LT vial
o g WE2WA ZFFENY G FE299 747k
045um syringe filter2 3} 1mLY FH 3k & 27
< 4o 343led HPLC #48 AEE FH|sIth
OV vial> Hlgh&o] B 3t Adeo]a AAgh
ollo 2 F I2mLe] WEHES Yol viale] oFEo]| o
UE MAE BT o e £ 1mLS F 3l 44)] 3

A8le] HPLC 2418 A &5 &1l

-101' fr o to o oy

l

M gl X|=20| E|5}
S 20gS ZF9 200mLol| ¥ 60~70°Coll A 90%-
7 FE3 T ENd ZFEdse 4 SRS
2% ow.f &%, 4] 3082 3t NS A X3}
g 2=z W2wd TN G zhzt of
2g718] AR ES o] &3tk 3] o= v A
E AMSHA] 2= A9 WO (Lee et al., 2001) Lee
et al.(2010)°] wie} vl HA & AME-5te] A5kt Zh
73*4"9— 10% o.w.f.e] mi A2} A Hu] 308]2] F
Sroll Wi 60°CollA] 1A 7 B¢t Mufj ek & Zn)E
%‘Ei IAZF 52k 60°ColA HAEFATE A 22w
xﬂi 2i} UH%‘?& Z A AR g o & 23} FAlE)
2 Ro] B F THTE v f‘é!
ﬂfﬁ A& Hal A= L2
%z‘f}%ﬂﬁ‘r g FEYEol v E2WY BFYER ‘M

o&?L\B
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2N Elgt Hs o172 93

3 AZENA 27t 2.5emx6emE A BEZS 0, 24, 48,
96, 120, 168, 2407 7FE 2 e} o] &3k % 100°C
LB Mt flef] & N HA i, AIZER o
oA A EFZSAAZ FA AT 0AIZF A B
BN 71A] &E control A B W AEE AE =
Al BFES0A 2 A5

3) Qo4O HPLC-MS 24

F&AR AR e E TSy 2 A 7] (HPLC-MS)=
25 AMEFY 7] (autosampler), binary gradient pump,
DAD(diode-array detector), single quadrupole mass analyzer
mass selective detectorMSD)7| 2l Agilent 1200 Series
Binary LC system(Foster City, CA, USA)S A}8-31%]
o A#EA]7)(MSD)= multi-mode source atmospheric
pressure chemical ionization(APCI)2- positive ionization
modeZ 3Fe] £41-& AASI3I T LC ¥2]+= stainless
steel2] C18 column(150mmx4.6mm, YA=7] Sum)
S AHE-31Yd, gradient cycle(Im/min)2] ©]& d(mobile
phase)2 8-l A(acetonitrile)2} 81 B(0.5% formic
acid in water)Z 3} 4] 9] 250 &v] BE 90%=
AlZFete] 5727 20%= 2 the 1027F4] 61%
2 20§ 2 HEE HFAN 1587 frAI8k T
Aol whel DADS] HAE3HE-S 275nm=E 33
om B MYE 190~400nmE 3] ThPetroviciu
et al, 2010). AR A7) we} AgEA7)e] 44 2=
£ 25°C, electrospray ionization source= drying gas(N,)
o] £%2 350°C, vaporizerS 230°C, gas flowS 12,1/
min, nebulizer pressureE 40psi, capillary voltageE 3kV
positive mode®, fragmentor voltage:= 160VZ 3} Th
(Hua et al., 2007).

3. HlolH &Y

1) Berberine A44=22| &t0| ol Stzk 2

W2 FEAEC] HPLC-MS LR rHE 73]/
Ve AR 139 tis] DAD UV A8 Edw) Ak
BEX7)9] g AAEHS delsty] wZwd A
5 sl Sl 9 =9] WE-E Al{H(retention time,
)& 2L HEE AIZFo R SIQith 3 &
dE9 HPLC-MS FAZvEI#/do|r w=Zu A
HEE A7k FPEls JAE e S 7 9T o)
& DAD UV 2 E3} AR ~HEHS 3915}
of Wl 2w FEedS I ¥ 29 WA (relative

fe

—
—+

abundance)S Wl 2| ko 7 &3it).

N

) A R E0| FM

37 (JS-555, Color Techno System, Co. Ltd.,
Japan)& ©]&-3] W2 EFIE9} I FE29E
2 Mgk AAES FA5ke] L*a*b* 3 B H, VIC %
S T3kl HUSFaEdA e sAvALE geE
Kubelka-Munk 2]-8- o]-8-3]| K/S 3+ -3 9235 &
Q13+ th(Jung et al., 1997).

Iv. 243 3 na

LHEHE ZFEHE { &Y FEHE| HPLC-

MS 24

HEH Y EFYEE ot 51850 F3 =29} rt. 8308
o z+& ¥ =7} Yebt = <Fig. 2>, rt. 5.18% ¥
£ DAD?| UV 2=#HEJo0| 93] 42 ¥7](quaternary
alkaloid)®] A& AQl UV 2HEHAS & F AN
™ (Hu et al., 2010)<Fig. 3(a)>, MSD #4143} £z}o]
<(molecular ion)°] 336m/zZA*]<Fig. 3(by> W ZH]|2
([C2oH sNOT )] R A9 SH21 51 Th(Hu et
al., 2010; Li et al., 2009). 8.30%2] 3= 33 47
(tertiary alkaloid)®] &2l 2~ EH O ZA|(Hu et al.,
2010) EAFLS 14901 HEZHH EEFIE W Hl=
WA Aksl Fo= <lal] A7 wFge] BeEER 34
==

gHo g RE 253 e Wawd FFPE)
2] HPLC-MS E414 3} 5~671 o]4+e] ol H& 1
A7k etk 2 F 7

1800000
1600000+
1400000+
1200000
1000000
800000+
600000+
400000+
200000+
0

Relative abundance

0 2 4 6 8 10 12 14
Retention time (min)
Fig. 2. HPLC chromatogram of standard berberine
dye (berberine peak at 5.18 min).
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3000 120
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< 1500 - S 60
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<
500 20+
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Fig. 3. UV spectrum (a) and mass spectrum (b) of standard berberine dye.

1600000

1400000

12000001

1000000

800000+

Relative abundance

600000+
400000
200000+

/ Berberine (5.15 min)

0

Retention time (min)

Fig. 4. HPLC chromatogram of amur cork tree extract.

A2 DAD®] UV = EJo] 42} 719 24 <l
2 EYS Yepl 1AL Aol 218 molecular ion
o] 336m/zo.2A HZWALZ IRIFYTH(Hu et al,
2010; Li et al,, 2009)(Fig. 4). ©]5-2] A3} B2 oA H]
2Hd FFHES 9 FEHES] Hald mE HE
W kel W3le 5.15~5.188 ) H39] HFow
A3t

2. Elstofl ME HIZHZ EEHEY Y FE
HEO| HIZHZ & Hs|

<Fig. 5> W2 ¥xda9) 3
Oﬂoﬂ 0 N_Q_ }\H:,Hoﬂ,ﬂ 0~]92/\] ‘l. uo} ]

96, 144, 192417+2] Alol|A] HslH A& HPLC-MS
2 EA% -, 515-5.18% T3] HAS v A3
o]t} <Table 1> E|SIA7]A] 2 AH, & 0A17F A
o] vl2HR9] %S 12 B EH3} A7 Ao u}

Hﬂ o] JulEl Fg 7+ Hal 2R ALt
ol W2 EFHT] A5 FHIATIA
Aol|A 7hg Be o] W Zu|go] AEE Y
Sl7F Xl ulel wl2w e o] A
golatgt. W =Zw e steko] 713 34
24X 7F 72 Folw o] o w2 A9
F=0 11 AlE2] oF 120 7Pk Ae & AT
'?_‘14_, 9 FEH5e] A9 240 A F
o] g=Fo] OAIZF Al M3l 15% S7Fekal
96~ 7+ 73Ur Foll= 0217 Al&e] oF 158 &gk A
= ﬂo]‘é}"iq TEE o] F 1444]710)] o]2AE 0A]
AERHTE thd ZFASIH O 192417k o] 27|A
EEW?]X] oo 3 ZxPE R} w2w A &

] 13% 571t A& gelskith.
S FEAENA ES AIZE A wEl W2
k) Q3]H S AL o] A EZRE F
EF A JEO = o] R0l f 7Ugta AFEH

S o i
i
o
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25000000

20000000 L)\
15000000

—e— Amur cork tree

—3— Standard berberine

Relative abundance (mu)

10000000 1———————— ~, =
<
5000000
0
0 50 100 150

200

Degradation time (hour)

Fig. 5. Change of berberine (retention time 5.18 min, 336m/z) content after leaving the amur cork tree extract and

standard berberine dye at room temperature (RT).

Table 1. Relative amount change of berberine in standard berberine dye and the amur cork tree extract with degradation

progression

Dye Condition D 24 48 9 144 192

RT 1.00 0.57 0.67 0.63 0.59 045

s:r‘l;‘ggfl‘l LT 1.00 0.66 0.62 0.58 0.62 0.71

ov 1.00 0.94 111 1.13 129 115

RT 1.00 115 1.03 1.49 0.92 1.13

céﬁ?g;e LT 1.00 1.17 1.26 1.20 1.24 1.32

ov 1.00 0.13 0.55 0.46 0.70 0.51
ol AE2RE S F5I 4G FALAAED] canthine-6-one, tetrahydroberberine N-oxide 52| 3}3}t
Ao R FZ25E Zo] o ARgg Sl 2 & Eo] gel=th(Ahn, 2010). 9, Kim et al.(2000)%}
7Fs et BE AREo| FZH ). Schweppe(1989)2 10% Wang et al.(2004)2 33} ste|shal o g [Aalsh 84
Ak}l oM ELtoE ] E3tS o] g3 EFEAUE (Coptis japonicays 7tz W3} o er& 2 F53 2
23 A7} FA49 U=} (alizarin) 9% 204 3} W2 A 29| coptisine, jatrorrizhine 5 ol o
Fo QRS uFARnEaSRTRE RIsGeH o 3t Hu et al.(2010), Min et al.(2007) 5] A3} {4}
T ot BFAY dE9 Ao d3g Rt st 3 RS st FHS A B3} Bofoa] W=
Tt Wouter(1985)E Ml eh&3 kS o] g8 T4 wAe] AskS 98] el AMg-E o] 2 2] EZA|(Sato

g FEaed A 9 1% o] AR
HPLCZ #2135} th. Ahn and Obendorf(2006)E ™ &
&5 o] &3 EFORETE HEE FE AH AES
gE2l A9 (curcumene) 2]l A 552 F9 315
2g JteagviEaety] ARRA7IE SR
31 AE &I Hu et al. 2010y HPLC-DAD-MS
A4S o] 48 e WEe FEEZNE WEwH
S Xl 1170 o)de] AEE ERlskie™ Min et
al(2007)2 WEHE FEEZRE g9 &S gelst
Aot FH L MEEE FE3 § keI ZrfE ey
A7) (GC-MS)Z AT o] ATl W=
W7 BRI E)A] eF9ko L} dihydroberberine, quinic acid,

o

& Yamada, 1984; Yamada & Sato, 1981) Yamada and
Okada(1985)= &&-& FHufdated Bzl 249 2+
|0 oJ3)] wj2w| o] Aito] FXHETHAL st o=
G20l 93| tetrahydroberberine®] #W|Z2H|E o2 213}
7] witeln FZFAAe] 4H=EA] dihydroberberine
A3 ] 7¥s2d B ARSI TH Yamada & Okada, 1985)
(Fig. 6). A3YAFlA] 3 FZH ] GC-MS 412
3} dihydroberberi nv3} tetrahydroberberine N-oxide”}
HAEE A& & w(Ahn, 2010) A WA A|7ke] 2
gt whet ¥ FEF ] 2w gl F7t
3 9191 Z 3 }EA] tetrahydroberberine®] H| ZH|#10
29 A% 78S E F U
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< Berberine
—
O~
o
A
‘.\ ’
O~
Dihydroberberine O/
Fig. 6. Possible transformation of tetrahydroberberine to berberine.

P9 22989 H5} AFL GO-MSE AR A 0RA A7 Ao] wek o] o] U I WL o]
P Ao o5l AEE 24U 7 A0 W5l F<t o ujz} Athd o2 W =Zw| & 2] U(relative abundance)
tetrahydroberberme-J e Xl—i\—ﬂ#i Haske A o] T7HIE 7Fe A E T F AUt S o] &5

Fo ngon 7U F Z, 16847 olFolE o ol AAAM) WA SHAE o]s} e A% v
7335411 qoAow B ]i’iU}(Ahn 2010). ¥ A ol & o F& A5 FdL ol Hrt= 28]
A B FEARE Lol YAl 1A A% delg 340l Aol WA F F9T A9 o A
@ ol W2 Pgol 7 old At ast Mo Auo] sbsd AYL AL N <Fig. 5>
7] AN &3E 1 tetrahydroberberine®] 3 Walo] 1 off Yeld A7 et 2w A TFEARE o] &
AGlo] & AR £FAT. I I FFUL AN FAD AFNE Yol AT 450 GApp

7 B HYTE A ARl A4 ) /1Y AR A2 28 F A2 A AR AW
S5} Aol FA42 MRS S5} A5l A gole GA R} Dol A S & 5 9k
& 5= 9125 74k W (TNO Triskelion, 1992-2011; <Fig. 7> W E2HH EZHES} I F2HES
Yamada & Okada, 1985) Bt} B &3} a4 9lair= £C2 FAHE WAL 0~192417F W3+ 3 HPLC-
tetrahydroberberine®] L} dihydroberberine 52| ¥ 3} # MSZ #2435k 5.15~5.18% ¥ =2 WA S vws 4
&< HPLC-MSE ZAFSh= A77F Srbs|ojof & 7 otk Wl =H Y BEA R A9 2407 A 5 v

o= /\]_25]1;}

Fuppe) ot E Bole 4BY 2.UgRol
wol gl gov 2 F tet ARl 1y

© A(essential oil)2] Ao E dedA] d=T(Lis et al,
2004; Nelson, 1938) Lis et al.(2004)> GC-MS 412
o]-g3 S o] Az £OZRE 80F o] o
AJE-S 313kl 9ot WA Hu et al.(2010)2 344 4]
Al FZAe] HPLC-MS w494 chlorogenic acidE
313152 ™ Ahn(2010)2 GC-MS #410f| 2]3] linoleic
acid= ;q]-o Ol'oi [ﬂ ]E_% == /\1_—‘5_ %‘,] ‘rltﬂ—/ﬂ /H
o2 BRIY e g@slgd FESIHTNO
Triskelion, 1992-2011). we}x 3 o] wj=w)
& ghgo] 3} A7k g 4

#299

A7) we} S71e

2] ko] F438] st 0A17F A 59 66%
7b Eom Hal Ao TEE 19247 = i T
7FeE 71%5 YeRAl o A2 E3sh Al7E Aol
we} W 2Hde ko] Hadte FAE Vel AT
(Table 1). Wl2¥& EFHES A A b 27
(RT)°N Hl3h 4°C Y& ZA00A w=wAe] Fago

e s A th 39 FEHE] Ae- 4
ZRT)el BRI L wj o} vpR7A = AJ7E 7 o] mek
W2 hafo] FrFetR = 4°C ¥ el oA
© S WshEo] wlg- AHen A= A&l
F7HE 1ol 192470l oAl Aol Blsl 32%7)
7Fe Hfj gFo] #2 = A TKTable 1). AAA ]

q 20l B w) 0|9} 2e Avke ¥ FEdEw

_4

0

=

o
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—&— Amur cork tree
—B— Standard berberine

25000000

B

£ 10000000

3

g

S 15000000
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10000000 -— .~ .
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= 5000000

[
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Fig. 7. Change of berberine (retention time 5.18 min, 336m/z) content after leaving the amur cork tree extract and
standard berberine dye in 4°C refrigeration (LT).
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Fig. 8. Change of berberine (retention time 5.18min, 336m/z) content after leaving the amur cork tree extract and
standard berberine dye in an 100°C oven (OV).
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Table 2. Change of berberine content and 8.30 minute peak during OV degradation treatment of standard berberine dye

in relation to its 0 degradation sample

Retention time Degradation time (hour)
Compound .
(minute) 0 24 48 96 144 192
Berberine 5.18 1.00 0.94 1.11 1.13 1.29 1.15
Unknown 8.30 1.00 0.82 0.82 0.37 0.61 0.31
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1, o
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56%% 742312 ™ (Ahn & Obendorf, 2004), 71531
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< o 28 T AFT Aol F43] AT AL £ o
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d FEAR} AR BEHEGE Aol Aol
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& S7FEIAR A FEAIE 24047 = KIS
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Table 3. Comparison of the berberine content in 0 hour degraded liquid dye and the K/S values of the 0 hour

degraded silk dyeing

Amur cork tree (A) | Standard berberine dye (B) AB

Amount of berberine in liquid dye (Relative abundance, mu)

8.11 x 10° 19.7 x 10° 1:2.4

Dye absorption of silk dyeing (K/S)

4.52 8.60 1:1.9
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Fig. 9. Change of KIS value of silk dyeing of amur cork tree extract and standard berberine dye after leaving them

in a 100°C oven (OV).
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<Table 5> W2 EEAER GG AT

240X Z7EA] 100°C QE-ol] x| gk 3 24, 48, 96, 120,
168, 2401 7+ 733} & =2 3te] CIELABS} Munsell &
AA = el Asjoltt M2 FFFEE GA3
AAEL H3ATNA & A5 79 L* gro] v
2 9065521 - gk 2E7]2(a* 73002
e 22 =g (b 74.58)0] ME}. E 8} A7 Al
wE} L* gho] Wolxl o EglelA] gk Al5e} vl
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Table 4. Comparison of the ratio of the berberine content in a 100°C oven (OV) degraded liquid dye and the KIS values
of silk dyeing relative to the 0 day degradation samples

Ratio of amount of berberine in liqui

id dye

Ratio of dye absorption (K/S)

Dye (Relative abundance)
0 24 48 96 144 192 0 24 48 96 120 168 240
Amur cork tree 1.00 | 1.13 | 0.55 | 046 | 0.70 | 0.51 1.00 | 0.76 | 0.68 | 059 | 0.86 | 0.64 | 0.89
Standard berberine | 1.00 | 0.94 1.11 1.13 1.29 | L.1I5 1.00 | 0.76 | 1.29 | 1.56 | 2.09 | 1.33 | 0.96
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Table 5. Color change of silk dyed with standard berberine dye with degradation progression
Time ILe a* b* DE DL* Da* Db* H \Y% C

0 90.65 -7.30 74.58 0 0 0 0 779Y 8.95 10.59

24 84.81 2.59 63.05 16.28 —-5.84 9.90 -11.52 422 Y 8.35 9.40

48 79.20 5.17 61.61 213 -11.45 12.47 -12.96 358Y 7.77 9.35

96 76.42 6.27 59.90 24.54 -14.23 13.58 -14.67 326 Y 7.49 9.16

120 76.11 6.16 6191 23.52 -14.53 13.47 -12.66 335Y 7.46 9.41

168 75.29 7.40 56.35 28.01 -15.36 14.71 -18.22 282Y 7.37 8.73

240 77.00 6.90 55.21 27.62 -13.64 14.21 -19.36 292Y 7.55 8.55
= 9191 K/S gk S Aot At Ha A7k 7 A7k 7l wet F2 7] (a%) S He ATl o
ol mEh T FH-2 7)) e APde] AReH =7 (b sk AEFE UERloy s
7] (b Aaste] H3t FEAIY A =37]% > wENY FEAEE G AE vs) A &
o] 20% A= ZHAdh=(b* 55.21) A3 YEAT ZE ek ETIA e AlEE 7FoRE S §

HeN 7R & AEE 717 R & o H3} A7 7
Fol] whEl AE gro] S7Fete] Al7kel ulet Mzt o
X E S B a*9) b FhollA TEE nle}
7ol Hgl A7t ZA3fel wlel Aare 57t HE 7]
o] TIIBIR L, Ab*e FHAste] =i7] o] Hof
A= 733FS WYt Munsell EMAIE BH B3} 435
o] A&7} B Yellow Al 9] M-S AW ot
E X717 o A EE GY AGE 2 71 7.79Y
2A] CIELAB®] A9} v 2 284S ¥He =
TS e QT 24417 Foll e gk =ald)] 7h7ke
422YE YR O B3} A7F 73 el whet A} 10YR
%02 7174 CIELABY] ZA#s} 7R 2 &
e ue =302 Wl dgo] ERIEUY =
gk g3} AI7F Aol mEt s tha HolA AL A
T ylolx Tha o] Fa Bl Mo g WIS 3
& AT
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Table 6. Color change of silk dyed with amur cork tree extract with degradation progression

Time L* a* b* AE AL* Aa* Ab* H \ C
0 84.49 -5.33 56.69 0 0 0 0 7.61Y 8.32 8.17
24 84.03 -1.75 52.13 5.81 -0.45 3.57 —4.55 593Y 8.27 7.65
48 85.44 -0.59 52.08 6.67 0.95 4.73 —4.60 527Y 8.42 7.66
96 83.83 —0.68 47.57 10.25 -0.65 4.64 -9.11 545Y 8.25 7.06
120 80.41 3.31 48.48 12.60 -4.07 8.65 -8.20 391Y 7.90 7.42
168 83.76 2.24 48.05 11.51 -0.72 7.58 -8.63 422Y 8.24 7.27
240 81.00 3.98 49.41 12.32 -3.49 9.31 -7.27 3.67Y 7.96 7.59
o] Z FA3 & 20737 QE7x0l =EA7] AT} 3y & Fregu) of v FAlStTE
2 A Ws7E 7Y AL dEF Tl Rasih B 5) W2WH TFIEZ FA% AAE2 100°C £
Aol A ¥ FEAs 2N XFEE I Holl WX - 12047kl o] 2 A HojFRES
E2 100°C 220 240417 XS of AAA 0= K/S ERIAAL o] $- 7HA31l =] o] 9} -2 WislSeol= W
7] xpo] 7k w9~ .21 CIELAB %te] ¥iske H|aw 2 F2YEES 100°C Q2 wxsldS o A2
2 An)3 F£F0|NCHE R Ye et al.(2000)2] Aol A H 2w gl wisiSole} v*h?}t‘r
2|l sk thk, Elsh Al7ke] A 2404702 6) 34 FEUEZ A% A4E2 100°C 229
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