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Abstract

This study examined the degradation behavior of SB(standard berberine) dye and SB dyed silk using HPLC-MS
instrument after degradation in the hydrogen peroxide/ultraviolet ray radiation/oxygen system up to 9 days and 40
hours respectively. In the degraded samples, berberine was detected at 5.2 min in the SB dye and 5.3 min in the
SB dyed silk with its molecular ion=336 and the UV spectra of quaternary alkaloid. Degradation product
3(m/z=102) newly appeared after 5 day degradation treatment with continued increase till the end of degradation
treatment. The amount of berberine in the degraded dye decreased with degradation progression. In the silk dyeings,
berberine was detected only up to 21 hour degradation sample. The amount of berberine decreased dramatically
during the first 6 hours of degradation treatment. The CIELAB color measurement of the silk dyeings showed
dramatic change in the b* value, near zero in the 40 hour degraded silk. CIELAB and Munsell color measurements
were in agreement with the HPLC-MS results of the dyed silk in the change of berberine content that the degraded
silk became white and lost yellow color.

Keywords: berberine(#| 2 H]2l), degradation(E]3}), Phellodendron bark(g-4), HPLC-MS(3Z< %] Z 20l &
et R A) color measurement(Z4Y)
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Frepol ol Hslo] ola) FaAAY Bad
AL oI5t H i (Ahn & Obendorf, 2004; Ahn

Hom A7 7

(Schweppe, 1989), GC-MS(Grosjean, Whitmore, Moor,
Cass, & Druzik, 1988), HPLC(Wouters, 1985), HPLC-
DAD-MS(Berghe, Gleba, & Mannering, 2009; Petroviciu,
Albu,, & Medvedovici, 2009; Zhang, Boytner, Cabera,
& Larsen, 2007; Ahn, Zeng, & Obendorf, in print)
§ AaRzdd 4uo B2 w4 wgos
H 243 A 50| 91w, TOF-SIMS®} MALDI-TOF
9} Zro] A& EHO 9] ion sputtering®] 2]+ molecular

e

= 111
ion?] &2 IRE EA3 AE(Lee et al., 2008)0]
Sith o] % HPLC-DAD-MSH-& A& 9] &4 2
AN dolel Aol g4 54T ESI(Electrospray
ionization)2} APCI(Atmospheric pressure chemical
ionization) AFEAHH O So0]2& I E(negative ion
mode) &2 9Fo]2 T (positive ion mode)E o] &
3 A] 29 molecular iong AE&dt= WHOo R A, 7}
% 97 4THOR o853 9ok HPLCMSE 3
&3 AT R o2 22 AFEE = 5 Utk Zhang
et al(2007) W2 BEo|A HWEE AD. 1050~
1200173 9] pre-Columbian A|tf| 352 HPLC-DAD-MS
2 wAste] g HE dRE FHOR dR
AL 31t} Berghe et al.(2009)-2 500 B.C.oJ A
AD. 40090 0|2 AzbtuH|o} B EEkx| <
of HAAT) 98-S HPLC-DAD-MSH 02 %45
o) §250] HEAS THE uteolin, Fele] E
2l flavonoidF¢ apigenin, 2%, opAfofl ¥ o]
1% ellagic acid 5 A 7}A] 982 G o] 9L
ko]l gitt. Ahn et al.(in print)S 174]7] 24
o 195 206142 HPLC-DAD-MS & E-A35}¢f
Aol o2 JAEHAES

HEE Z2lst

TollA = 54 98 F

2 berberineo] 3] TAFSFA/A;
I H,0/UV/O,2 7)) A8 & o] &3 A3
S 29| g0 2 M berberine
ZApsrgon], Haigde) waos
A ARutE ety AR (o]st HPLC-MSE #
e SEeALt FeomRY 2% dRo D
Az g 100C LEH 9 H)0o/UV/Oy AT 2
E5}A17] AR S GC-MSH o2 BAF A3l
Az FSHAE Z o]l Wt berberine gHFo] H3}
3}, isobenzofuran-1,3-dione,4,5-dimethoxy- (&R}
208)¢} 1,3-dioxolo[4,5-glisoquinolin-5(6H)-one (&R}
191)9} 2 Hshe] Adeol e AL ¥l
St th(Ahn, 2009; Ahn, 2010). 281} GC-MS &
o] A%, ol ARl AFo| Tlsiel BAe
o] A2 Egt=2 ol B4l &olgh M, berberine
B2E molecular ion AE|E HZ3}7] oj# & A
| %1% th(Ahn, 2009; Ahn, 2010). HPLC-MS E-4]
M Gaet o] s8AoH 1 2719 A
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II. Theoretical Background

P9 &K Rutaceae) o] &dhe JHE AT
O 2 A, 80| Phellodendron ammurense Rupr. 2
2 Phellodendron chinense Rupr.Ql £2}7} de] &
HA gloH, ofg T dutgAE 47 amur
cork tree?} Chinese cork tree®]ChH(Hu, Su, Sze, Ye,
& Tong, 2010; Read & Zasada, 2008). 3} -2 3=t
T3, 48 & oMAof A o] de] E2sta Qe
9|, Phellodendron ammurense Rupr.& ¥AA| 7} ok
02 4 A Qlow, Phellodendron chinense Rupr.
= Fro] YaA el AoR dejA 9IHChan, Chu,
Mok, & Chau, 2007; Hu et al, 2010). 399 }5
AAS wd AL 3wl (Phellodendron bark)o| gt 5
20, o 2o ofAlol 244 w7 goFEe 9
"2 ARE-E gtk (Drasar & Moravcova, 2004). 34
o] &= berberine, palmatine, jatrorrhizine, coptisine 5 4>
9] 47} &2 32}9] protoberberine A & 7](alkaloid)
7} ZAst= Aoz oeA 9lthHu et al, 2010).
= FHAEA, TS, WSH 59 Vs
Zra Qlof, AE oofel Fofol A FaT HElm
AL Qlth(Lee, Eom, & Eom, 1999; Lee et al.,
2007; Li, Wang, & Yan, 2007; Suto et al., 1997). 3
Blof grfEol e AR F FRTel MY U
Z-2 berberine©] ™ (Lee et al., 1999; Li et al., 2007),
palmatine, jatrorrhizine %= 23t 4% F71 &4
(quaternary alkaloid)2 &2 A it} & =FofA ot
F 24 3H= berberine([C2oH1sNO4]", E4}2=336)L
b Ao g A U] Wajof gHpE o] §l
11, alkaloid A 2] 3} A A of &3stch(Hu et al., 2010;

OCH,

<Fig. 1> Structure of berberine.
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Cassman, and Collins(1986)
BE GRS AAE AT & & & 2.5cm oo
1497 & & WA = s A4sksle,
q A BE GRY Mo] ofFA MA Itk B
JL3EAth. Peacock(1996) A4 ®H3teb= Heo]

AT, AEE G &ol 21 &Y HIst= 4
=5 WE3sF9 ). Lee, Hong, Kim, and Bae(2001)=
ok, FE, A2E Wi 45 dd8 T 37 &
54, %9 &0 474 19 A= Baste] M 2 54
HsE 2Astdsd, FUow Quw wdge
5718 & & Eio] Y= It gllev ¥
& B3 T YRS Aeegn, A48 BE 4
R CER LY AR ELE
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A20H A2% Qt

= WS EAGEY A S ASHET
Gt Fo WHOR Holqu, AAR olg 7L
A A4 A 29 e B &9 ey
A8 thzo, ug 717k B5 S dzre) o 7]
& AsH] ol

A dtRopf A sl r dMH S
S &3] 99 wrElolE o] 85 A
g9 Ao Zefo]&o] eatA AtEaL Qlrk
T dFSol 93t Phanerochaete chrysosporium,

Trametes versicolor®} 72 white-rot fungi(Jarosz-

Wilkolazka, Kochmanska-Rdest, Malarczyk, Wardas,
& Leonowicz, 2002; Peralta-Zamora et al., 1999;
Young & Yu, 1997), G. candidum(Kim, Ishikawa, Hirai,
& Shoda, 1995), 12| I Trametes modesta(Nyanhongo
et al. 2002)= FAH PSS LA AY HAA 7=
ol atAoleta st 1 A2l o5 wAEo] A
dko]| A lignin peroxidasel} manganese peroxidase®} 7t
o BABSLA BAS YA fEolR o
thoghebd £ Fof oS3 g wARo] £4)
shehe, £ FolAl dseast SAY How
A= & gk

3+H, Scheck and Frimmel(1995)2 W] A& djAl7}
ofYE et EY FollA datstaead] WA 7}
s8e AUstded, EY 9 Fuil 220 &
ot wuita Sods s, oA EY
9 =3 whgete] dtsteay AFas EAA
Aota gk

Reduction of humic substance =0, +
H'+0,- —HO;-
HO; + +HO, + — 0, +H,0;, (Scheck, & Frimmel, 1995)

Scheck and Frimmel(1995)¢] o] 22 Cooper and
Lean(1989)] ¢Jsf F = %l ©l, ol&& Fobvld
b 348 BAY AT B O 540 Bsa
L7} 400(200)x10 Mo 2t B3yt #H4H
gt HHE A B2 S ®ofof A= HhH o}
7} Wb &3l o E A ofo} A (peroxidase)F A Ao 9
& daslse) AEEY BolE S4stol e
of thAl BitstaE o] &3 F7] FollA ALA
& 2Aste] A4S Bolshn Qo gt s

e

= 113
Sppaet 29 A 9o TiOE oA AHg38H7| = o
th oo} e WS weAE ZofoAe H.0o
UV/Oy(Colonna, Caronna, & Marcandalli, 1999; Ince,
1999)¥ 32 H,0,/UV/TiO,(Liu, Wu, & Zhao, 1999)
woleh B2m gc

Sheck and Frimmel(1995)9] o]20 2 o] &
) ZEEA o] £l |rikol njAtE o 9d 34 =
ode vdE WA F2 Astaol A At
o waol AHE AR YT 4 AUtk 24
e AR QoA LAY Ipiteteaet A
717 F¢ AE &2 2% AHl Ale Aol

o] o 7o =EHH Al A
3}o] hydroxy radlcal(HO )0] WA sle] OB o] g
g fFEshe e oloh 22 dH &
A4 314 0]]/\1 HQOQ/UV/OQ]j 32 H,0//UV/TiO,
He o3 AEdolED = e Aor ddHy
(Ahn & Obendorf, 2004; Ahn & Obendorf, 2007).
2 Aol FEEAY WAT gA L1E
oA o g &3y Y3 H.0/UV/0, AYE &
st SD Hmof tfaf HatdwS A stglaL, o
29 SD ¥85E M AXEL 59 xHoR

Z+Z+-& HPLC-MS2 243}4] E 37

O

II. Research Method

1. Material

SD ¥ &%= berberine chlorideE Sigma Aldrich
(Milwaukee, WI, USA)] A T-2J5k] AL&-31ic. v
S(HPLCH)Z Acros Organics(Morris Plains, NJ, USA),
acetonitrile(HPLCH)2 EMD Chemicals(Gibbstown, NJ,
USA), formic acid(ACS analytical reagent+)2} HPLC
water(Chrom ART)+= Mallinckrodt Baker(Phillipsburg,
NJ, USA), 30% H202(AR select grade)+= J.T. Baker
(Phillipsburg, NJ, USA), H4F(36.5~38 wt %, ACS
grade)> VWR Inc.(West Chester, PA, USA), NaOH
+ Mallinckrodt Chemicals(Phillipsburg, NJ, USA),
Hl g} off & A (Potassium aluminum sulfate, AIK(SO4),
- 12H,0))= Shinyo Pure Chemicals(Osaka, Japan)
oA F-<dst et HPLC-MS A=A 2holl = 2] 4
7} 733}E 0.45um syringe filter(Alltech, Deerfield,

- 241 -



114 TARSE A/ AL A AE A A E
2 KS K0905 34
AT AKATRY A T3}t
Barnsteaad Nanopure System-= Zt5 Corning
Mega-pure MP(Millipore, Bedford, MA, USA)Z %
=31 E(deionized water)S A3}t

IL, USA)E AH&stitt. Ad&=

22 ARYRAY
ol =

2. Experimental

1) Preparation and degradation of SD dye

SD 0.1g2 100mL2] o[er&o] Safete] HZ
25 AxsA% AA HIFALGE 0-9URE s,
A& vial(Fisher Scientific, 25mmx95mm)& 1 vial/day
H|3F & ZF vialo] 2mLe] FFERE 293}
o} e v1a10ﬂ kAl 0.5mL 9] 30% H,0, =8N
253t 3 365nme] UV lamp off o] A
o lampoke] A 2|7} oF 9.3emz FAE L, FH O
FAE =S AA A o] wf 0 day A== H0o
UV HgE 34 &L control A|&Eo|th 1~9U7k
E3}A 7o) AsE AJZ2 % of 3H0.45um syringe filter)
Sk, ImLE e 44 3]A% 3 HPLC £4& A
25 FHs

HN

ﬂilo 32 U

2) Dyeing and degradation of silk fabric

dMe oF 2g AXERZ APsgod, SD 2%
owf 5k, 8] 30uf = stof SFRFZ A3 Az

5t3ith SDE ARG @A A= WAAE AHES)
A e ASw wok(Lee et al, 2001), & AT
A& Lee, Hwang, Jung, Do, and Kim(2010)of uw}e}t
AAE AHgste] AMsHETE A EE 10% ow.f
9] UHOE,“‘Xﬂ(Potassium aluminum sulfate)Q} 3F7] oHH]
3081 ] FFof , 60 oAl TA1ZE 2t Auj
A T, 5D AoNA 1A B 0 s
o 2L wAA=Z 22F i EEE - ohA *P g 4
oz 23 QAT BEL B R

Z542 oheel JFeoc. SD2 A4
o A 2.5cmx6cm 7| E 49 A BEE F 3
Al ZH(control), 6A]7F, 21A17F, 4047t &3} A
g o] 25}9th Hy0:H 0,8 9:1 vivE dlo] HE &
gtol 20mLE vial(Fisher Scientific, 25mmx95mm)
of Yar of7]of $rA FH|ZH AZE AR (6~404%h)
2 vial B & 4% Sqleto] o] A|ES s,

ol &% WE=Hd g

Ha

A2 HapA% AT B RobelT

Z 8% vialg 365nm2] UV lamp o} FHe] Ay
3} lamp$te] A7t oF 93em=E A H L, 4372
2 ZAHEE A5k g3lA7te] AR &
A= vial2 R E A RS AW 52& EED TF
T2 AZsta AdHdzs

3) Extraction of dye from dyed silk fabric

Berghe et al.(2009)3} Wouters(1985)2] HCl/methanol/
water 2:1:1 v/v/v S S tha HASIe SDE ¢
At AAEZEE JFE 322519tk HCU/methanol/
water 2:1:1 v/v/v £ & £H]3] 400uLE FH3 &
20mL wv]o|Ao| €l of 7)o FM3t AE 05~0.8
mgZ 2t vo]AE 105T LB 1587 97
3 5 ZA FEE A3 NaOHE Y& AF b4
AolE) qro A e 9] FUA LT o]
3k o)A 1.ImL methanol& 2o €2 E
£33, o1H0.45um syringe filter)3F 3 HPL
A& ANE s FHlskt

a
A o

3. Analysis

1) HPLC-MS analysis

n&AY 2 2utE T2ty A FFE A7) (HPLC-MS)

L A% MZ2A|( autosampler), binary gradient
pump, DAD(diode-array detector), single quadrupole
mass analyzer mass selective detector(MSD)7} %2}
= Agilent 1200 Series Binary LC system(Foster City,
CA, USA)S ARB-stglem, AgaA7|(MSD)=
mode source atmospheric pressure chemical ionization
(APCD)Z positive ionization modeZ 3}o] B A2
AA8H9I T LC E 2= stainless steel®] Cig column
(150mmx4.6mm, YA 7] Sum)S AFR-5}0], gradient
cycle(ImL/min)®] ©]%AF(mobile phase)> &4j A
(acetonitrile)Q} &1 B(0.5% formic acid in water)=
StaL, &4 9 AFol & BE 90%= AlZFske] 5.7
/M 20% 2 W& o 108744 61%= =3 3
S HgR AR 1527 SS9 A
o to| wel DADS A& AL 275nmE 3} F L
o, 249 W= 190~400nmE 3} th(Petroviciu
et al,, 2010). ALFHA7|(MSD)S] HY L&l 25T,
drying gas(N»)9] 2% E 3507C, vaporizerE 230 T,

multi-
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A20H A2% Qt

gas flowE 12.1L/min, nebulizer pressureES 40psi,
capillary voltageE 3kV positive mode 2, fragmentor
voltagew= 160V=Z 3} ¢ th(Hua et al., 2007).

2) Color measurement of dyed silk fabric

FE3P=M7|(JS-555, Color Techno System, Co. Ltd.,
Japan)E o] &3 SD gme I 2EgdRE M
3t AR E Asto] L*a*b*3k 9 H, V/IC gk +
sta HdjFubgel Ao EW whAME gom
Kubelka-Munk A& o]-&3 K/SEHS 3 g&zS
golal ¢ h(Jung et al., 1997).

S =
= =

IV. Results

1. Results of HPLC-MS analysis of SD dye

g3} 2 atx] &S SD gEo| tfk HPLC- MS
4 43k dUEFAA 220 3 Lrkiam,
2011). FEF R A= HEE A 7H(retention time,
rt)o] 528 o berberine ¥ 27} e O, 8.3
Ho] E¢ER Hol= 28 u F(unknown 1)7} L
Elyt=d], HPLC 7]7]o| A2tH diode array detector
(DAD)9] £4 A7}, berberine> 4%} ¥ 7](quaternary
alkaloid)9] UV 29 EHE YEYgloH, 835 1
3= 32 97|(tertiary alkaloid)?] UV AHEH
Uheb 9l th(Hu et al, 2010). HPLC 7]7]¢] %38
Aepuaz|o]eh MSD) B4 AT, 528 was
molecular ion®] 336m/z2 4], berberine ([CaoH1sNO4]")
o Bjerat ke BHelatelt (Hu et al, 2010;
Li et al., 2009). MSD &4 ZAu}, 8389 13
molecular ion®] 1492 UElt=d|, DAD UV Ad
EY Ayl o] g379 AHEL berberined}t & 34

A71des ¢ = 9&‘” U% 2EAE W EAse
v Eeed 2 F=F9lchAhn, 2011;
Ahn et al., in print). GC-MSZ EA3st Mot

(Ahn, 2010)9] A berberine T Al dihydroberberine(&-
Apg=337)0] A&H ¥, B Ao A= berberine©]
molecular ion(EA5F 336) AH| 2 A&F o, o]
o] wel E3let A/ E Auko] A berberineS mole-
cular ion© &2 2HQ1% 4> §lowf, wepA HPLC-MS
o] A9 GC-MSET}H A} dj4jo] &o|ghs & 4
sl

e

&« 115
2. Results of HPLC-MS analysis of SD dye of
different degradation times

(Fig. 2)+= SD 9 &E H,0,/UV/0, 27 3}
A 1~9U7 BA g &, 7 AR5 HPLC-MS=® &£
At A%E YEdch AW #AL 2,4, 6,8, 9%
oA g A2utEIYT +E5H¢ 74 =0}
EIWo] 528 u3= MSD B4 93 molecular
iono| 33691 berberine 0.2 F-2lE]¢ith. E|3}A| 7HY]
Z 2o ukgt berberine peak® 7= A} oz
I e Ae AT 5 ddeH, sAd Haks

A2 #4HE WA YHHE AL B 5 U9

Sow

Fig. 3 SD PRE 647 H3A7 A2
JZ2utEdWOo 2 A, WAHE FQ 739 MSD &
A A= (Table o] Yebfdch MSD &4 2
T} 5280 A&H 3EL molecular iono] 3362
Z A berberine 0.2 FQlE it 838 A&H I}
3E-2 molecular ion©] 14924 E3} d SD ¥ =
A4 AEE v BB FUY B
% 1 tHunknown 1). 3.1590] UeERd 539} 4259
ekt 2% SD QR Hakmgel A AEA 4
4" =d=A, MSD #4443, F 93 2F
molecular ion®] 1020]%l o1, Ealﬁj 23z =3
=] 91T} (unknown 2). 492 toll A E ThE I}HetE0]
AzHen, MSD 4o oa o
molecular ionS 1922 22l & ¢l th(unknown 3).
A2 u]Fo] B o unknown 22} 32 berberine 2]
gtz A= EHIE 745 H.0o
UV/0; GC-MSE o] &3] 3 22979 SD ¥8
o] EgtES Al At wat unknown 3
1,3-dioxolo[4,5-glisoquinolin-5(6H)-one,7,8-dihydro
d 7t5A0] = Ao HOlth(Ahn, 2009; Ahn,
2010). Unknown 2, 37} SD ¥ 59 E£%E2 un-
known 19] #4& fleiA = FHLZT HEof 9
FHE e Y FE=0] tE HPLC-MS &4 &
A5of A= Sl A7t pubEolof & F oz A
RS

(Fig. 4)= E3}AI 7ol w2 berberined} 371 &
3}Z(unknowns) ] oFeF W3S HPLC I Z2ut&E1
ol e total ionC = UrERH Tl o| T} E3H7}

A Zrg o whet berberine S HA 8] sk

SA2 =4

49l oz

- 243 -



116 TpAbSha= /A A A AP E ol &3t M EHY dE 9 AAEY HItAE AT FARSAT
(a) 0 day (b) 2 day
= 1600000 - 5 1600000 -
=< Berberine <
E 5.2 min E Berberine
1200000 - @ 1200000 - 5.2 min
(o} el
g 800000 - § 800000 H
2 3
) = 4
£ 400000 - 5 400000
° [hs
& 0 0 e e
‘ ‘ ‘ ' ‘ ‘ ‘ 0 2 4 6 8 10 12 14
0o 2 6 12 14 o .
Retention time (min) Retention Time (min)
(c) 4 day (d) 6 day
5 1600000 ~ 3 1600000 -
< <
E =
g 1200000 1 € 1200000 -
5 g
b=l @
§ 800000 - ?erberine g 800000 - Berberine
< 4 min £ 5.2 min
[ <C ..
> |
2 400000 J,\—/JUMML g 400000 WM
& T
0 T T T T 7 T 7 & 0 ; , ; ; . ; ;
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Retention Time (min) Retention Time (min)
(e) 8 day (f) 9 day
= 1600000 - = 1600000 +
= <
= E
» 1200000 - o 1200000 -
S 2
«© ©
S 800000 A Berberine 2 800000 -
=1 o Berberine
g 5.2 min g 5.2 min
g 400000 - % 400000 -
® o
& 0 T T T T T T T x 0 T . . T : . T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Retention Time (min) Retention Time (min)

<Fig. 2> Change in HPLC chromatograms of SD dye with degradation progression.

1600000 -
=)
E
Ef 1200000 -
&
2
3 800000 -
< Berberine
z 2 5.2 min
T 400000 - 3
[0}
o 2 1
0 T T T T T T T
0 2 4 6 8 10 12 14
Retention Time (min)

<Fig. 3> HPLC chromatogram of the 6 day degradation
sample of SD dye. Numbers denote the three unknown

compounds.
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{Table 1> MSD results of the three unknown products
detected in the 6 day degradation sample of SD dye

Unknown No.|Retention time (min)| MSD molecular ion
1 83 149
2 3.1 and 42 102
3 49 192
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<Fig. 4> Change in total ion of berberine and the three
degradation products detected in the degraded samples of
SD dye.
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{Fig. 5> HPLC chromatograms of the methanol extracts of dyed silk after 6 hours and 21 hours of H,0,/UV/O,
degradation (left) and the MS spectra of the berberine peaks (right).
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<Fig. 6> Change in total ion of berberine peak in the
degraded samples of SD dyed silk samples.
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{Table 2> Color change
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A
s

of SD dyed silk with degradation progression

Degradation L* a* b* AE H \% C K/S(420nm)
None 85.97 -6.99 74.64 779 Y 8.48 10.63 7.05
6 hours 89.85 —4.57 58.44 15.78 701 Y 8.87 8.39 3.13
21 hours 92.23 -334 42.35 31.74 0 9.12 1.13
40 hours 91.16 —0.80 19.90 54.40 0 9.01 0.37
oo ZMZAM= SD HEE AT AES & Aol A 33k HPLC-MS EA oA = | 9| g
QPO 2 kel Ampet Zom, Mg 252 HPLC- ShEo] gt oA FIEA ok
MS &4 Aot JXgch. ESALE A ol w
2k b*gtol fastal, SlM o] 77 A Mekgh A2 o V. Conclusion and Recommendations
Aot Al=9] berberine FhFo] et A 234
ol #elo] Qlon, B4 4047k HeA RO A of B AL ZEEAY dRAE DR 98 4
Wgo] EEeAE AL seld 4 gtk NHel ZAEY AgozA, P F ARA
H.0,/UV/0 o2 E3FAIZ] SD =9t SD ¢ 2 SD A= A ES H,0/UV/O, 2L
Aol gk HPLC-MS #4] A5 |Mgh 2= 9] Z EH3AZl ¥ HPLC-MSE of&df EAste], 1
suAsol Wnd o, Hxe F D GAEo]  HHASY HIES 2AE: o 2HL 2o
wek A4S 91 AMe] A WA AS  SD @R berberine ARS HEHA|7E Ahe] et
berberine AJ&o] ZHAsHy] WEQ AR Ay F43] gaston, SD dr2 AN A E
ok E3 SD Y R9 EHatA Tl A wEE whep A= e ol #EHH SD dr= AT
o 37t MYl wpet EatEo] st wlol A& H0/UV/O, 2702 40AI7HE A st &
= 7|Q%te Ao g F5HT Edhmo] 93 JF of ofu] berberine o] AEHA FYeH, A=
= sty fdeiAl= AFo At Al berberine o S Ay, =HUE Yal Mo Tk R
E|gto] oo HAE= S A 27 M Aoz HIg A& & 4 SUSith 3ol o 4
= &l dart Ao 59 HiATE AR =9 A3 = berberine o] & F 7] TE
o Fo] A= vanillic acid®} vanillin, feruloylmethane ol Ao g Hwory, B3yt APH o w2t AHEA
o] HgHE® £AE 1o m(Ahn & Obendorf, 2007, ARE EilEE 9% S Ader #5490
Grosjean et al., 1988; Wang et al., 1997), &2 z¢ b7 A2 ASHA EAEe 18ME oy
AR 9| E3A T thgt At A= phenol, 2,4-bis ESEEAY ALom 2 Mavt AY 2EEHS
(1,1-dimethylethy)9} benzoic acid7} BFEE B 7] fjfo] YuiHoz ez AAARY] BT
¥ (Ahn & Obendorf, 2004) ¥Hd 23 SD H=9| 25 Hger drdgs shulde of#gol o
g taty ol A B == 24 deiAe 1,3-dioxolo £ Aolth wehA 2 J7 9 HIA TS AR
[4,5-g] isoquinolin-5(6H)-one,7,8-dihydroS A|A}gH 18 WA As S0 7 AMAEE E2S ukoksh
7122 Q1 ¢H(Ahn, 2009; Ahn, 2010)7} Slet. 22 oz2x AAE HIEAE ARITEE AHEE
1 Ahn(2009)3% Ahn(2010)S E3sto] 9 A& SERAY dr B o] &ste= Aol 7ted A
2% GC-MSE AF&-3E oLo]m, HPLC-MS H'H o o]t}
2 EIEE AR A1 fle AdolBR £ o
Foll A HPLC-MSZ &% FotE o tisf Hrt References
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