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Recent Advances in Studies on Chemical Constituents and Biological
Activities of Korean Black Ginseng(Panax ginseng C. A. Meyer)

Ki Yeul Nam', Yeong Su Kimz, Mi Yae Shon” and Jong Dae Park™™

JDept. of medicinal Crop/Ginseng, Chungnam Agricultrue Meister College, Daejon 305-764, Korea
?International Ginseng & Herb Research Institute, Geumsan 312-804, Korea

Abstract — We have conducted a comprehensive literature review regarding the chemical constituents and biological activities
of Korean black ginseng(Panax ginseng C. A. Meyer), three to nine times-steamed and dried ginseng, which shows strong black
color through Maillared browning reaction. It has been reported that some chemically deglycosylated and transformed saponins
are obtained from black ginseng as artifacts produced during intensive steaming. They have been known to be ginsenosides
Rg3, Rg4, Rg5, Rg6, Rhl, Rh2, Rh4, Rkl and Rk3, quite different from those of red ginseng, among which ginsenosides Rg3,
Rg5 and Rkl are considered to be major components. And also, black ginseng has been recently found to demonstrate anti-
cancer, recovery from learning and memory damages, hypontensive, antidiabetic, antiobesitic, tonic and antiatopic activities,
together with antioxidative and exercise performance improving activities, exhibiting their effects to be a little bit stronger than
those of red ginseng. These findings suggest that black ginsng might play an important role in the development of promising
functional foods and drugs from the viewpoint of the chemical composition and biological activities of black ginseng with a
distinction from those of white and red ginsengs. In this review, the authors will survey and evaluate further functions of black
ginseng with a focus on its physicochemical properties and biological activities.
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Table I. Contents of ginsenoside-Rg3, -Rg5, -Rkl in black ginseng (mg/g)

Source 20(S)-G-Rg3 20(R)-G-Rg3 G-Rg5 G-Rk1 G-Rg5+G-Rk1 Ref.
RG" 1.95 1.36 0.89 0.22 1.11
BG" 6.52 3.85 2.81 0.68 3.49 4l
RG 0.20 0.01 0.20 0.10 0.30
BG(Process Az)) 1.60 1.10 2.90 0.70 0.35 40
RG 0.25 0.12 - - -
BG 232 5.19 - - - t
RG 0.47 0.15 - - -
BG 4.43 1.69 - - - 12
RG (MR") 0.25 0.06 - - 0.42
BG (Process A”) (MR) 437 1.74 - - 8.44
RG (FR") 0.47 0.23 - - 0.80 =
BG (Process A) (FR) 9.72 3.82 - - 14.87
RG 0.25 0.21 - 0.18 -
BG (Process A) 4.36 3.84 - 4.07 - 20
BG 1.97 5.80 - - - 113
RG 0.42 - - - -
BG (Process A) 9.22 - - - - >0
BG (Process B”) 0.23~0.35 - - - -
BG (Process A) 2.96 - - - - 8
RG 0.22 - - - -

110

BG (Process A) 10.5 - - - -
RG 0.25 - - - -
BG (Process A) 11.48 - - - - 63

YRG: Red ginseng, BG: Black ginseng, MR: Main root, FR: Fine root

“Process A: Nine time-steaming and drying process
IProcess B: One to five time-steaming and drying precess
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Fig. 1. Photographic appearances of black ginseng based upon steaming and drying times.
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Fig. 2. Possible chemical transformation of ginsenoside Rbl,
Rb2, Rc and Rd, a protopanaxadiol saponin, during the man-
ufacturing process of black ginseng.
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Fig. 3. Possible chemical transformation of ginsenoside Rgl, a
protopanaxatriol saponin, during the manufacturing process of
black ginseng.
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factor(bFGFY! £J3] === HUVEC?] 54 (proliferation),
0] (migration), 2 34 (tube formation)S }Al35ich>
TS in vivo A REEZ Y-S ©]8-3 chick embryo
chorioallantoic membrane assaylX %= S45Z53 G-Rg3
9 G-Rg5 BF MZE FAFAHE AT B AT
o]A 9] tpFst A F A(in vivo, in vitro)E E3l T4+
of IEFH G-Rg3e] HAYA E5o] v HaERd
o’ A ke FEEste] Az Su)ake] FA AL
o|E ATHE TAPIA Fmake] AR REE F G-
Rg57F 7P theda(8F 10% &) Y-S ERIskaL G-
Rg59] 414t Al (MCF-7 breast cancer cells)l] thsh &t
DAY 2 ZE71HS 2ALEIATEY MTT assayel Al 3
71 A (cell cycle assay), 28] Tz dty FEAwH
(western blot analysis)S ©]-&3te] ZAle A3} G-Rg5 A
e AT 2S5 87 oEF o AAletar, X
o] MFF71o] Tofais Thld wiEle] 28 (ps3, p2I WAFI/
CIP1, pl5INK4Be] &3d F7F cyclin DI, cyclin E2,
CDK4e 74) 242 538 AEF7]E G0/G1 phaseoll 4
A AT} EgE G-Rg5e AHIES] MEAPH| #edst Bax,
PARP, Cytochrome C 5¢] THld W& dsto] et
AM3Z9] apoptosiss FZI8IATE G-Rg59] ol&ist a3= G-
Rg3oll Hlsl B} 23k Ao wieh. A fEeeiak(1455
e o s AEEF Age] d(quality of life, QOLYH
el thgh AdZANA ks FRA AR sk g
2SS APEEE Aot Age] A iAo e oIk
B gezAle BRuEdnk™ 2% in vivo A8 YIAE
AEE 53l G-RgsE thd ehrgh S4te] et Ao
azel el M2 Al (natural new materia)=E 2
AL ASE 7|gjE) Eg G-Rg52] UA A 3 H-dAIE
Z(HeLa, MS751, C33A, Mel80, HT3)oll T3t Al E=A,
DNA &%, Mzt aas 7 AL =& H71skaitt
2 A G-Rgse AR H-9E Al E2S] DNA 433 Al
FAPE S 73] F25F9.2M, HeLast MS751 Al X7}
G-Rg5ell tiell B8 7748 2th™ In vitro Al ZH]FA]
oA SAte] YAEFEZEL FolAdo] st A=
+(colon26-M3.1 carcinoma cells)ll the+ 52144 A2
Bolou, AR Z W2 A E ol AESAES Kol

A eggkom], 1 oA e ol Wt Jsiat
g SRS LPSZ FEHE tlAMEe] 954 AlolEgl
Q191 TNF-of] AL FEIEHOE oAsgon] oA
7 gk WAR $Rsksich ol Sl P
o Ther G PAF B} APEOR olEd &
ke Sl 3 F AYEE G-Re3% G-Rh2el 71913}

5
FHEAN 53] HATE A A8E 5

=702 24 =
7¥e} o] glom® oju] Zate] thek F4¥ G-Rg37}
GSAae ot AT s Flo] B Qlo] &

a5 zA}e T AolAdol 733t colon 26-
£ Balble nF$-29] 72] AeFAlelaL obE
o]2] 149 £ H=E Hold |29 HolrE AlSste] 3
ST SHFEES PHE 0|4 F 5UzH 1Y 154
3mg %= 5 mg/mouse 77 & AR 77t 13%, 23%
o] ¢xle] A gHE RYE™ T3 SHFEES AT
of gk mho-2 HPAA| 2] v AR A, B 2] BA
E9} TAE SAukge] S7HaHo] BT olol) 34
FEEY o] AAEIH= oldg gt ae] 71l
@ % 9hgo] AAEILIT et olslel s S4pe] ool
A B Saboll thd EAlsks G-Rg3el SHIEe] &
Aol 5 FeelAlEl 71918 S gtk 2ok @
H M mAte|=0] gRFede 11 3o} SAJIA] ZAelA
w3 ghRale] fo} 912, 719 o} 91, SEAL) A
T4 A=, 20(9)%F 20R)S] UAI A Foll wet et
o] WepIeh ) RH gRA U SWIE 4S5, g
Ape] RARQA| Z, C-6HTH= C-39] FEAE 711 PPD7t
PPTARE U KT} 75}t o] 2 S8 G-Rh2(CyH,,00)% G-
RhI(CHoOpye AIPEE 7R3 A8 e £27h
C-39 F2kwlo] = PPDAS] G-Rh27} C-601 Sl= PPTA|
o] G-RhINT} #A3] 748 Rk e Jepirh? Fafo]
W atolut dnk gatE T B (in vitroyo] e A2 A
%34 < hydrolysis, dehydration, deglycosylation, —Z2] 3L
isomerization?§- 502 otedo] FtEl= ek =
Alatol=o] 24 Wgto] doju} mjZ o2 o AZIT

Qb AEA O FABY Aot H71% F
Sfsh ALgElo] R, B3] ABFe] FAE A F o
93

14+ in vitro, in vivo AERES o]-&3F thgs AFA
ATE Sl 7o FRAEQ] ginsenosideSe] S5
Z198S ANA AR 5o ol E-S T
FAEC] A F7HE L Uk Babe] 7]kl mjH|
= 23 A= A 2] 719Ey E58
E AT FE HIATE FHOE FYHATL
Scopolamine(SCOP) T & FE %= vk 71

(SCOP, 2 mg/kg, ip.)ol Wik, 34, 4] F255 77
(200 mg/kg, p.o.)stal 1 G35 ZASITE 2 A3
olE FEEFAE SCOP #= 7198 &4S folsH 9
AXZl= 232 BHA3L, SCOPY| ]38} acetylcholinestrase
(AChE)e] &4 F71% folstAl A=At ¢ acetyl-
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choline 3§ 24?1 choline acetyltransferase(ChAT) S
T SAFEETFAR Fos STk B ol
F=E Fo= SCOP F92 571 malondialdehyde(MDA)
A eFe] A3t} superoxide dismutase(SOD)$} catalase
(CAT) B39] A51E 387 45 Bk Fa7t
“d(cholinergic hypothesisy> ZFA174AIA S 7159
At =10y gxstolw AZHAD) Q1A Astel
o8t BHAFS A sl Yk A7 ADY] GEAE
= =9 7Md(cholinergic hypothesis)ol] <713+ X EA47F &
Zhol HAL U3, o] e 7193} 5ol Fa%k A3
GEH) MM EL] acetylcholine TE2 YA ZHOZ A5
#A A5 &35 et SCope Algtolu A Fol
©1%]71%5& A 5}A] 7]+ muscarinic acetylcholine(ACh)
receptor®] AFHA|ZA] S 217G WelsA ofME
Y B R(ACE)EA S S7HAA QA5 &35
olZIA1ZITE” SCOP 1= 719l do] AEEolr &
F715l 1S ke a3E Hriskedl B S
ARE-E| AL Q). o]ell SCOP iz wh9-2= A oA S4ke]
AR 715 7HA Eapoll tigh 2718 A7) flEiA
SCOP fr&= 7A%%F vk RS o]gafe] wiitat g4t
Z2F9] cholinesterase(ChE)e] SAIEA vwel w4 &}
(cholinergic effectyell st F3FS 718t In vitro ChE
AA g ZAN A WA, 4, Sk 80% e FE=
S Fx 9EHOZE acetylcholinestrase(AChE), butyrylcho-
linesterase(BuChE) €/3-& <JAI51{t}. AChES] tigh <A
FA(C)2 4 FZE(1.72 mg/ml), B2H(5.89 mg/ml),
46.30 mgmhez S4to] 7P 733 AL, BuChEe] thit
AA| &3 A9l vlsgt £%](1.8~2.5 mg/mlys EAT} 7
3 H9ke A E A% SAFEE(100, 200 mgke, p.o.) F
= SCOPl| o5t 7]19E3S oAl 7Rzt g
western blotZ} RT-PCR #4143} SA4HFod= SCOP| ©Jgt
7192 w20 v 9@ 2 sjrtell A ChAT T
o] g3l AChE T2 o] | axts KAt o]
24 &4 FEE-2 acetylchoine(ACh)HIAS ZA3}e] A
W ol e (synaptic ACh)T#-2 =] SCOP-f= 7
5 Wols) FE Aoz woHr® eI E 5
v ZA) & (morris water maze test)d 7}, S FAF T
oA 719 £ato] Folx oz NAETH 3 A 5}st
ZAYO A = Z A A choline acetyltransferase(ChAT) 243
< A SAHRAA Tzt Blsl 7+ 42%, 71%
T o U= EHTTE KA, H2F e AE
2F3hE(malondialdehyde)®] $He= -S4t} 47 ollA
ZY7} 33%, 37%4] Fo14 e AAaE BT o|2A4 &
Abo] HEE AFE = scopolamineC 2 F=E S0l 7]
g 7HEE AlAske | 7 a9 2oz AREHA
o0 Fi SHEA ge 2dS A gele] HEEE

¢
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ANAAZE 2
NZTE? 22 Z3lo|HH(ADYIY &
R o] ARkA 57Jo]aL Q1A7]%5 Aske}t o] U,
Eg AD $H2 sul9]e] NOS §Hr AAA 2] Hol4
byt Atk welR . ok §9 34k 3 e
WA E=ARI =91 G-Re3, -RgS, -Rkl1el thgt 7] sk

A= et 2 2871 g A7 o FRIEA QL
340 -89S U SREFAL AUTh SAke] 8
d521 G-Rg3¢F G-Rg5/RK1(EFE ) ethanol} scopolamine
FEE vk 71gs] BdA o] ARl =
©] 7377 (10 mgkg, 49)= FelstAl 7197331 71AIAl
7o, olgfgt E3h= olF Al =9] glutamate 2>
NMDA®|| oJ3l] Fsl= 74 Al7d=/del o3k 7M1
} o] 28] 719EE Aow oAZIL T3 STZ
d=stoln P RAAFHAA G-Rgse A173HE &
o] JA(HFA AFIEFIRI TNF-a2t IL-132] 7H4)
B3l S A7 E AT EFHE AXEA
o9l w G-Rg3E A FEjFA A (CHO 287 cells)l
S2F9)<=2 amyloid peptide(A)e] F= Ao} F=slo]
A3 nd FE(Tg2576 transgenic mice)2 ©]-83F in
vivoll A= Ap Aol ek HamaE Bt B3 G-
Rg3E Hslvlo| A A4 7] 21 A} (tumor necrosis factor-
a, interleukin-1p, cyclooxygenase-2 5)2] &S <)) 35}o]
TEETOE e 7IRIAE AT 29E
BATLW REAG A A3y F4FEA w4l tieh
20(R)-G-Rg3¢] A4 KT FoH50] BuHrE™ o] AtelA
o} 71o] G-Rg39} G-Rg5/Rk1}F -2 A=A <] ZA Ao
52 Ak 8 TR ER o]59] ZYEiA =
= S ATl tie 84S AR sl
FaL AT 2Eu 4R o1 QIAtolu 4 Aol HiEl
Aol mizlgh Aol mae] A HelA S H <
AFATE] EEH L o] A AL FE flsiA
= &0 voke A4S o8t F714 A5t et
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B4 M & B A =S E 5 e A 2

A= RUE Azt SAFEE(80% NS FEE)9]
(5 mgkg, 357 8945 2 BT 3573 8 & %
T 5 (mg/dLys A 622, STZ + 3914, STZ+34+
FolT 101602 Z4HRo oA STZ Foiol vls) &
k)

H goirlel xtialel] Aefdl= &4 (glucokinase, glucose-
6-phospthatase, glucose-6-phospthatate dehydrogenase, 6-
phosphogluconate dehydrogenase, acetyl CoA carboxylase)
2L 3 BA)E a3E BRI db/db PH-2E o)E
g GaRdoA SAFEES 3, Smgmouse FAFOLR
19 13] 547k A FoAs A3 87 o|EH 0" fofg
At a7t #EEHA O, SA4b FofellA 7oAt
& (basic metabolic rate)°] F-2]51A] F71= ATt o]t 7]
ZOrtEe] S7he 2EoM e X ARE FXsi] 4
HHoz g ff dgAE 9 e &5 sk
Aoz AR wiatzt Sate] i F3E vlwal)
AeA FAA P v-2(C5TBLKS/J-db/db mice)S ©|
g3t 677 WAkt 34k 2 300 mgkg 8HOE F
gk & OGTT(oral glucose tolerance test)e} IPITT
(intraperitoneal insulin tolerance test) 2 3 gz} dF
d&d TS AR 2 A3 34 FofoA 3A
A ARE BN, 53] 35 I} el v 54t
ozl fFold o AshEe] e HE Wit nr}
Zato] S aH o)A Y F(db/db mice)ol| A
FAFEE(50% NS FEE)S 77 FoI(10 mgkg, 4t
TUE 300 mgkg FFE)F FETETY AA DT
22| 4l gk A a7t A=A AT 242t
7F 24k ol 4t Bl dixtel vlsl €% HDL
T2 FolH oz F7HE R, triglyceride(TG)9F non-
esterified fatty acid(NEFA) -2 HASATH Ao
(normal group)®] 7+ %218 1 FHe $717}F U e©EA

y

R

\

T AR F = (positive group)e] 7+ ZA €] FH
o A HFo 7§79} erEA o] AX s AshE L, Al
st Au) Az FA} 2 Rulol] x| Mg AJe] B
Ak 22t 4kl Fold gdard FHo| 7 232 A
AR F2E TAIETE & g o] daz, AR v,

A8 GZEgo] BEA) gkt

i)

&

o,

HE

N
rH
)
rlj
ol
rL
&

| 235 B3, FH %)

Aoz g PPN AFEE AF o AlsttAa
a7} BEE AT S Rar |Gl Wik, 4k, Sabe] =
ARER-2] (100 mg/kg/day, p.o., 3 weeks) =
Hslel P F A W3S ARG SAFEE FoF
oA AFF7HEol FelstAl A (= the] AlFstig:
T4t 44.9%, S4F 81.0%)= Atk AR WE 9 lipid profile
o] Hal= &F#|2HE2} LDL- HDL-cholesterol®] $-X]+&=
frejdel gilont, AA A FEas 2 B 2
ol F FAR A (triglyceride) $FS o3 AaE BHA
o, Zxbo] B FHH oIS UukA oz H|gke oy
A Frot wiEe] EddEA g9 T AWEer S
I Az Ate] 248 5oz ) w3 X
Ao 2 §E 5= vk k-2 (C57BL/6) mice; 67%5) &
gE o] gate] SRS FE=9] R HE AlS}
Atk A FEES AP0l AAEFE 1%, 3%, 5%
& ket 1257 Foist A3 aA Aol fF=d AL

AWZ, 0] ANEA, WY ADPER e THFERE T
A

4
2
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iy
2

Nl

o
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oot &

¥ [eZ]
o
NEZE Eoj 27190} olgjet Ars Salee =
Egol Ataste] ZAY AA LS Fol LA R0l
" _
b =

Mol f-83 = &S AT

HOIY5IRS
ikl EPARgel tisiME ool Bk ke B
AsAtE 24 B 9, dgke] AR By

oFA-E-S 7|22 A YAAE Al Eukgol | g
5 HAH dedetAel Haol 7FseAl, e st
A ] 71580l wE A (QOL)S otstol| N axrt
AEA 58 FAOR AFHE} o] F AL Deoxy-
corticosterone acetate(25 mg/kg, 3 times/week for 3 weeks)
of oJgt &t i AE RS AZele, SAITFE
£(250 mg/kg/day)ys 477 AT Fostal g A
W3t 8 471 22 HALE it Alee e
o] AFtlel Hls| 4 Tl AR TS F
At sk ARl el F% 718 Bgle
b 34 Rz PyaE FES FASE 29 2
AubpEs 228 1752454 mmHg, 84S 129.1+1.2
mmHg, 34HFIS 142.6+94.5 mmHg= FERY, E A
ShEs ARHAT E Al QoiE 1Y F=
HETe Fol@ F7hE nglovt 3} FiTelNE 14



& A9 AR FEOE UAE Bt 53] Hg
W B U= % T aldosterone TA= LU
oA Folgk S BAoY, 54 Foitold 2 4
o] frelstAl AA =AUt 2AAAAF 4k Tl =
Az} #H o] 22 sleHA Ao = Aol 28 e dE
o 248 VR =g A2 S4e) 2 AR G-
Rg5= NO/cGMP 74 29] 24 insulin-like growth factor-1
receptor®] 243515 B3 dyfjTM|Ee] A 3] F
dyol¢t TS Hol IEY Al F-8788 Akl A
32 Azt Bk Qate] depdsl 2 71 @
AR T 8] WA= Ut 2719] AFellA <14t
HW7dst 71322 histamine 214, FFAAA, A&
244, Ca¥ A4 Fol ABHo, H AT A
oJatd 7FsA e 7Ide kAo F83 9EE sk
AN IMEA FrefiEe SHolembge] X3 538 &
P 421 NO #H]9] F2]2H8-3) =22 c<GMPY]
S St daE s wed EHsE e Zlew
olaf =l kPP FH TS free radicalol <3 Do
WM o] Aheha] &3S Boshal Eds frieeh v
¥ F#5EZ (throboxane A2, endothelin 5)ell thal] Z
a4 2 sl XY Ca vE 2 F g4xd
I =371A19] 3 4] (homeostatic activities)ol] F-8-3
EIE A Aoz FHEG T St thet dehut
Soll gk A= Bol o] Fofx|#] ggkont Qlake] da
o|hatg- T df Aetate-S HIRT AW Sl et
ofjgd S Yeille 78 & HEdl

F FFEo] e AEde IHs 25 St %

s el diE o e AvE a5 Ao

> PNt

|

O

23 FZ - ole FrEds 2 PR ANE e
A gEFYEY AHaRL BR
Wgoz & AANFINE 397

=
AlgoA szl Bls) treadmillol| A S g &
7] FoFel 2712 Bk o]2)d 55y
S/ SRR s g4 3t Fegtaet FATe] 4t
slE 3 5558 S S48t i3 HIHA RS citrate
phosphate 3H&Fe] S7F= 18] vebd A2 s =St
T A=AIE S 53l 34t F2 AEQl G-Rg3S 4k
53 I FoA] HAaxA] vEEEgole] 53 gnd
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Yo 25y nESEels FH/AH /NS B
Ao 95 4892 Bk wasen

OlEm| Ny

F olEy] mHYe] WHES F7T FAlolH o] €Jg}
2 FAE dolA A]A ZAR 1A E L vk dA] 7P
Bol AHEEHIL Qe olEN | H- o] X EAl= 8] AE
Al, ZE|Ro|=A] Fol vt | AERIAlE olEY] I
Fs sl = oyt 2RO A5 F QlaL, SHE
ol=Ale 7HE 718 0| EHF] o} EY] 9H-9e] A
AR AREE AL UAANE G717 AR 739 I 95 5
2] 7] FAE-S doZ ¢ JUth Hr PdEHAME =
Hog AT F e ofEY AFE slde] HAs] &
TE AL vk, A =7 |(Dermatophagoides pteronissinus)
© olEy] FNY, A, HY T thEA dRle® duA
Tk Bk 2 2] Aol wEH o] okEAE fi
3= D. pteronissinus 5=2(D. pteronissinus extract, DpEP]
WA ZH cytokine?! IL-49} IL-139] BH]|S F=a1H, Ay
AM|3EofA] [L-82] ¥H|E ZZ15}3L, THP-143E (human acute
monocytic leukemia cell ling) % EoL- 143 (human eosinophilic
leukemic cells)®ll T34 monocyte chemoattractant protein
(MCP-1), IL-6, IL-89] ¥H|5 -fksiriar deda Qop.!1
olETE fukettta 4 A 9= DpEE THP-13 EoL-1
Az 2 &89S W IL-6, IL-8 @ MCP-1°0] 431
7kl Satre, o) FE=ol frolde= S7H IL-
6, IL-8 51 MCP-19] & sl AAlshs 2e Flskal
o e S4 FEEHRE SARAEY FEEC] 7

o

Yeple Aoe o} olAade el

e 9 M

“ =
AL AR ARe Z0R AaEgint tgo] Sqdl ¢
8 9 AR A9l G-Rg3% G-Rh2E Fhiet AbEd

Y Eo] YREF v o] &3 Aol T
/3 TFAg)] Holshes FFIRHCOX-2, TNF-o, IL-B)°]
IS ATO R o}Ev|eL JEA FHAES ATIE &

kel
= =
AL, HEZE 0|5 AR EEEo] IR ESS oAl

7t

e &3e Ry oj2x Fake olEvE 1|
231 9 Ao g0 R ARRE £ e /1A &
A= g-go] 7IEL) o]& FJlA in vivo &3 AR} §F
A S4kel o FR 0 IHT G-Rg3(S, R), -Rkl,

Q1AFe] QPN AR SN Ge] ol FoiArh HAS
A, ok, WPISMIAE, RS, ANEY S0 Bt
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o} o]¢} Azl AR 4 FEE(G0% s

ZE)el tig s8R FREAT AP SES 85
% 2] male sprague-dawley ratsE A&-3le] AA(SHFE
)= Aol Sellsle] Fo87FE 5, 10, 15 gkg bw
07 FAAZE AT (po)E SN, 1447 #3235 A}
15 glkg bwFo] EFoME APgEo|U d)5old, v
WdEdel AL, AlEAFE, Als, W71 7
T g2 folEwnkst Wstke itk S &
T WAAEHLD S 15 ghke bwol O o]%IT}.
Astera AALIM E ol dntet 544 o] dAaz
A ko, At 7k A AN E o] %
ALA] sk}, o] 24 SAFEES] FA4EAY
2 F7HE AT Skl thEk ofFA 2 wha
FY=A] dkor, SAFEES] FA54l L
kg bwold9l& s ofntx fodk 542
2 AAZIY. 2y SA4ke] SxibHe] AxoR
Q1 benzopyrene©|t} &3 4HE2] Aol wpE
FEAE S T AT Sake] A siEEo] oA
o] ¢ FEo2 AAH7] ol AR T4 B
ZIH el Ao Qs SahAIEAA BAELRE gzl
benzopyrene®] It} AE A7 R g v} it} o] 2
F37°] benzopyrene 3187152 SARED 2.0ppb(ug/ke)
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o8}, S4P5%9 4.0 ppbelatE FA sk ATk AF7A
S4ke] benzopyrene &3l tigh A ANE B 95
S A

S2tllA] 0.04 ppb, 83] S 0.06 ppb, 93] S 0.07 ppb
2 BaE AT Ea 12} 95°Col| A 6417 24T, 23
120°CoA] 3A17F S4F 3 60°CollA] Axsle] 2| %31 34}
X 0.75 ppb, B3+ H2o] SAREA A= 0.17 ppbel L
o' 53] Zabe] F4bah A% W2 benzopyrene 3
Fe A A3 80~120°Ce] SAM2E HoAME 2=

ol e YT A AN AR (40~130°C)
o] wWE benzopyrene®] A9 F7HE HATH

Benzopyrene 'S S ERTE AXLE7 E IS
A BE AX2Le 50°Colsht Agtsi, 53] nlake] A
T AZA] AAGE)e] Fe7F Jerng, B4kt fElste]
Azsh= Ao v st ol2# G-Rg3el ¥ St
benzopyrene $+#HS w# 3 HZH3 AL F4ew
113.04°ColA 18417}, AZ25E 100°ColA 8.03A|17ko2
4738431 o]w] benzopyrene TFFS 0.26 ppbel2itt.'Y 257
Zle] 242 benzopyrene 4 AIE FsHE B 587
= 2 ppbEth FAF] AA AZFEJLL, YR SR E
100°Cos}, Az, 50°Cotslolxie] S4Alz== benzopyrene

— T
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N
rh

SR HAEA ekl A Fo] sl R
WS A8t AR 7R R FE JIE HHEES
22X Maillard reaction products(MRPs)2] 712 3215 o
Al o] SA4telgt HHEQITE BSo] AR RHEA S
S AX AxE 2L 7RO EA Wato|u g4t
AL gAY 3] v SAlsks A4 A=A = (G-
Rg3, -Rg5, -Rk1, -F4, -Rg6, -Rh2, -Rh3, -Rh4, -Rk3, -Rs3,
-Rs4, etc)e] Tdo| =2 Zlo] EAott. 1 FollA dA 8]
2ol & G-Rg3, -Rkl, -Rg5 50| 2 HEo=
7R AL QU B QIAHe] HIALRUA] 2330 R A
oAl e A sREE SEYS B8 Sk
durrl o7 ZARE 7]Ee] wigtolu}l SatE T e o]
733t A= Q1AL Uk XS] AEF AFE F3l

A
Agjgdo] 71&9] witoly Zakvhe XpEAdE Holal 9l
ong S5 2 243 Art 7ihEt mEbA S4E St
25ob A7, AL S 3l 5o Aol &

sto] Hoh A8Z ol A e AxRe] &9
sit}. ofgel S5 SA4ke] A A8 gy
vitro/in vivo AEe] FF3} o|& 7|22 g
Ao Fxlo] oS et 22y o} =
= 71&8] Wakou kAol Hls) wi-- wgEith L

= A
e o] AFAl ofsl] W AfolE Holil )AL,
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