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Comparison of the Constituents of Processed Korean and
American Ginseng Grown in Korea for Six Years

Bong Seok Bae', Myeong Woo Lee?, Jun Su Lee®, Chul Su Pack® and Min Woo Han*

ABSTRACT
Receive{d: 2020 December 22 Background: There are 12 species and two subspecies of ginseng in the genus Panax, of which the
1st Revised: 2021 January 19 perennial herbaceous Panax ginseng C. A. Meyer and Panax quinquefolus L. are native to Korea

2nd Revised: 2021 February 15
3rd Revised: 2021 February 18
Accepted: 2021 February 18

and America, respectively. Korean and American ginseng are characterized by differences in their
composition of ginsenosides, and given that these ginsenosides comprise multiple components that
undergo hydrolysis when subjected to heat treatment, the compositions are further altered depend-
This is an open access article  ng on the type of processing. Similarly, there will be processing-dependent changes in the contents
distributed under the terms of the ~ of water-soluble components.

Creative Commons Attribution ~ Methods and Results: As a consequence of processing, the number of ginsenosides in red ginseng
Non-Commercial License (http:/  increased from 11 to 20, whereas that in American ginseng increased from 10 to 19. In terms of
creativecommons.org/licenses/  ginsenoside composition, American ginseng has approximately 80% Rb1 and Re, and Korean gin-
by-ng/3.0/) which permits unrestricted seng has an evenly distributed composition of Ro, Rgl, Re, Rbl, Re, and Rb2, each of which
non-commercial use, distribution, . o . . " .

and reproduction in any medium, accounts for approximately 10.A> or more of Fhe tot.aligmsenomde.composmon. In addm.on we
provided the original work is properly detecteq 17 and 14 types of amino acid, of whlgh arginine had .the hlghest.content, accounting fgr
cited. approximately 70% - 80% of the total amino acid content. During processing, the free amino acid
content of red ginseng was reduced by approximately 60%. In cotrast, among the water-soluble
components, the contents of free sugars and red ginseng acidic polysaccharides in processed gin-
seng were higher than those fresh ginseng. Furthermore, arginyl-fructosyl-glucose and maltol,
which are not found in fresh ginseng, were detected in processed white and red ginseng.
Conclusions: In this study, we found that the constituents of Korean and American ginseng under-
went different changes in composition during processing.

Key Words: Panax ginseng C. A. Meyer, Panax quinquefolus L., Amino Acid, Arginyl-fructosyl-
glucose (AFG), Ginsenoside, Maltol, Processing Method

M A of Aol FHALNA FH Aviote] A= 712 Zjuj =]

3L Atk (Chung er al, 1998). 14te] Aibeke F=t, &=,

AN Panax & AEZ 12 7K 3} 2 74| o)Fo] ¢ AT}, BT o wo] AAkET 9T}, FolA 7P ol
3, o] T IBEJAE Panax ginseng C. A. Meyers 7]—8]-7] 229 SEGE o)2ke u|Zia vEelateln, Fl s|Fo g

W, v=4R Panax quinquefolus L2 ThAAY ZE 2 Eo|th FEolo] mEHAET BIPRAIE 2 AL 4§ o
(Shin et al, 2015). 2B FHol XIS F4loz =Ry (Lee, 2006; Baeg and So, 2013; KATI, 2018).
Qlof|A ol Aul =L glow msikE wls @ dejule olgfgt el fres HH AEe] Bl FHFHE 5
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HiSA - 0|HS - OlE=F

7% SR thte] 52 Ao ol olEe] HE
Fat7] Sl WAk S FEE feE At
ol ks W, dFo= Ui Ag gt
Hholl o= Ay o8] 2
(Nam, 2005).
kel JER 7 E sl =W 7P tisEAR]
A Ao =7 HgEo] F/R7F soluA =, e
21 ol g7 Az 2w malonyl-ginsenside 43
Fo] Zo]E3 ginsenoside Rbl, ginsenoside Rc, ginsenoside
b % ginsenoside Rd &=F¢] S7}18l3L ginsenoside Rg3 A
o] AdETe ArAddrE EaE vk otk (Gyo et al,
2017) HE3, wjo4ke SO ginsenoside 12 F &
ginsenoside 7 ¥ A3} AL, ginsenoside 5 T2 7
3T (Wang et al., 2007) EA2d <& 4 F &
ol :=AkS XA HASIAT I F Arginine®] $FEo]
AA A AU (Cho e al, 2008), T4 Az Al
maillard ¥-8-0] dofu} opu]=it FEAQ] obn] = (arginyl-
fructosyl-glucose, AFG)°] A=At (Li, 1992; Matsuura,
1994).

7Fe & Qlatel Aol Wsksith. zey aelata v
=4ke] A WSt thgk JPEAQ A7 Ade B v ol
ARt FL Ao, L ZAAM e 6d A A
=4 RS ¥ad A BaE vf gioh g iR A
T ek Sake] FAEA Ao AS 2 e 548 ¥
23 A7t hE-E o|t} (Chung ef al, 1995; Chung and
Shin, 2006).

weh B ApoE B

sl

9]
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Tk oA A Qe
F o=t de s U R Sl dekEe A=
Atel= A AEA AEEE HES detetaL ol v
o7 JHdHI v=ake] AEAde Aol SAQlstaat

st

Nl
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CuES . plale
a
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1. A S M=z

A AMggk AlE= AL (Panax ginseng C. A.
Mayer)2] A2 3} v|=t4t (Panax quinguefolus L)SZ 21
2 3 A Fate] SERIAREAL AlF XA 6 d7F 7
Zate] 109 =g AEE QA v=A 22 12 7RA)
£ Aol ARESIATE (Fig. 1)

Aol AR W=k, A1 AR 12 7HAIE Genbankell
A 13 A7 (Panax ginseng : HQ112415, HQ112416;
P quinquefolius : HQ112439, HQ112440)2 Fx} £41&
Fste] wl=ata eIk

Aol AR A 1 JIAIE HF, SA, Al RS T
3 BlEE ARER 3 TEet], s40x 4, Wi, e
AzsIH o, 344X 4 FEAZX7] (Operon, Kimpo,
Korea)oll Xl 96 A|7F 4 7Azxste] A3, B2
7%7] (Daihan scientific Co., Daegu, Korea)ollA] 55Col|A]
72 N7r AZxste] WARS Az, T4 98T lA 3 A
SRS AR F 7ARIA 55T A 72 A)ZE Axs)
Atk ZE AE= B4 & T 40 mesh |3} AE |83t
4343} 3t F 72 AEE AFEl] AR £

Aol AREE XAEAbe|lE FFEEAS Chromadex A}
(Irvine, CA, USA), AMBO Institute (Dagejeon, Korea)ol A]
90% ol’de] T=E 7KL e ETEES TYst] ARSSE
G, olr|At HFEEL Waters AF (Milford, MA, USA)
oA Fsted AME-3FSATE Arginyl-fructosyl-glucose (AFG)
+ AMBO Institute (Daejeon, Korea), maltose, galacturonic
acide= Sigma-Aldrich (St. Louis, MO, USA)°IA T35}
AREEIATE A9k BT S5 AloRS ARSIl 7171

o AlE% methanol ¥ acetonitrile= HPLCH (Merck,

=

eF

Darmstadt, Germany)2 AM-3}T}.

Fig. 1. Pictures of fresh ginseng in Korean ginseng (Panax ginseng C. A. Mayer; left) and American ginseng (Panax quinquefolus L;

right).
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NeRIMTt D= 7S [ME & i

2. THIEARIE 24

A eAte| = A4S
10 me & #H7bste] 30 ¥7F 2592 &8
712 3,000 rpmoZ YA EF 0.2
[polyvinylidene fluoride (PVDF), Whatman A} (Maidstone,
England) 497 JHE JE3g §A& AFEH O ALga}
k.

ArAte| = Ao ARGE 717]= A s A AR HE
23] (Acquity UPLC system, Waters Co., Milford, MA,
USA)|L ZHOZE UPLC Acquity BEH C18 Z¥H (50
mm x 2.1 mm, 1.7 gm, Waters Co., Milford, MA, USA)YS A}
gtk Y =& 40Ty, o5 &vle T/FF
(solvent A)®} acetonitrile (solvent B)E AM&-3}31t}.

A A= 48 918 o572 gredient 22712 0 min -
0.5 min (15% solvnet B), 14.5 min (30% solvent B),
15.5 min (32% solvent B), 18.5 min (38% solvent B),
240 min (43% solvent B), 27.0 min-31.0 min (55%
solvent B), 33.0 min-38 min (90% solvent B), 38.1 min
- 43.0 min (15% solvent B)>.2 =320 7
F 0.6 mt/min, FUFE 2w, HESIELS

319th (Park ef al., 2013).

o

=] (e}
ZA3 L,

203 nm 2 4

3. 72l Ot 2A

A AR 01 gl SFF 10m & H
FZE3% F 3,000 pmo2 YA1ET]
/m (PVDE, Whatman Inc., Maidstone,
T PET §IL WegUOE AgE

fre] oprieths BAEE] flel Waters AtellA] dwljst=
Accg-fluor reagent kit (Waters Co., Milford, MA, USA)=
ARGl @g feAlst WhS $ A8 o ARSIt &
Aol AMgE 7|71 ¥37HZE7] (FLD; fluorescence detector,
2475 model, Waters Co., Milford, MA, USA)7} 2%
HPLCE AH8-31993, ZH-S Discovery C18 (250 mm x 4.6
mm, 5 m SUPELCO., Bellefonte, PA, USA)S 37CE £+
sto] EAsi3d.

o5 Sl Accq-Tag elunt (solvent A) (Waters Co.,
Milford, MA, USA), acetonitrile (solvent B), Z&F
(solvent C)E 0 min - 5 min (97% solvent A, 3%
solvent B), 17 min (91% solvent A, 9% solvent B), 25
min (80% solvent A, 20% solvent B), 34 min - 40 min
(68% solvent B, 31% C) 40 min - 50 min (97% solvent
A, 3% solvent B)?| Z7o® BEAS 3P, FHFE 1 ml/
min, TYFE 5w, AE7] g BEIE 250 nm, S50
7 395 nm 0.2 AAgste] A8
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4. Maltol 244

B A8 05 goll 275 10 M2 Frsle] 289} 30 ¥
b FE F 3,000 pmeE A4 EEete] ASAS 02 m
(PVDF, Whatman Inc., Maidstone, England) &2 =&

Eg g AP og AREsISlTh 4] AHEe 23
AsAAAZrE 2] (Acquity UPLC system, Waters Co.,
Milford, MA, USA)E AH&-st313L, A7 UPLC Acquity
BEH C18 Z¥H (100 mm x2.1 mm, 1.7 gm, Waters Co.,
Milford, MA, USA)S ARSI, A &5 30CE &
Mo s,

o]5 d2 phosphoric acid 0.1 %S T3t SFS (solvent
A)9} acetonitile (solvent BYE 0 min - 4 min (2% solvent
B), 8 min (7% solvent B), 9 min - 12 min (90 % solvent
B), 13 min - 15 min (2% solvent B)2] 7o 2 FA3%
A, FEFE 04 mb/min, FUFE 1 4, UV HES7] LS

275 nm 2 A3}t (Kwak et al., 2017).

5. eI, OIS Al

e 4 T3 AF, AFG 45 9%
2 01gs SF/HF 10ml H7rst
% 3,000 rppmo-2 FAEE] S FE THTE
10ml 2 83 ¥ 0.2 m (PVDF, Whatman Inc., Maidstone,
England) 2¥1%] ZHE dEste] A|FENog ARSI

71714841 HPAEC-PAD (Dionex Co., Sunnyvale, CA,
USAYS ARE-3FA AL, #4123 Dionex Carbopac™ PA-1 (4
mm x 250 mm, Thermo Fisher Scientific Inc., Frankfurt,
Germany)S ARE-3lon, o]5d 2712 250 mM NaOH
(solvent A)2} Z=FF (solvent B)Z 0 min (93% solvent
B), 35 min (50% solvent B), 45 min (0% solvent B), 60
(93% solvent B)e.2 sl A9, AH2=E 35T,
LEE 4CE $A4, 58 1.0 ml/min, FRFE 20 44

2 243t

3T
AE

6. SeRPACIEA Al

ST A 2412 Sigma-Aldrich (St. Louis, MO,
USA)®] galacturonic acide ¥FEZZ ARE-35l] Carbazole-
sulfuric acid WO 2 EA5FATE (Kwak and Kim, 1996;
Hyun et al., 2014).

AE 0.1 g& Sl 10 b S/TE H7Is
2712 30 min 7+ FZ3}3L 3,000 rpm© Al
Azl 2 mlo]] 8 ml ehtanolS & 24
A 5 AR F HAHEN 2 mee 2
Carbazole-sulfuric acid W'l 2Ja] A1 fo
oA FFEE F4st FFEL v t
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HEEA - 0[P - O - HiE -

7. SAHEA

2 AlFoA AojRl Z}zke] AF= One-way ANOVA 4]
S 3392 ™ Duncan's Multiple Range Test (DMRT)Z
Frolds Assiith A fFolds 5% FolM A s
ATt (p<0.05). FA AREE FAAE T3 IBM
SPSS Statistics v20 (SPSS Inc., Chicago, IL, USAYE ©]-&
sto] FAA2 skt

jezlm al _T]_iP

1. THIEAPIE =M

A=Al = B2 Park 5 (2013)014 A 30 = &
AEA e ARSI, BEEEe
Rg2(r), notoginsenoside R1, Rh2(S), Rh2(r)2]
B2 PPD(s), PPD(r), PPT(s)8] 3 /= F7} AA
% 29 % [ginsenoside Ro, Rgl, Re, Rf, Rhl, Rg2(S),
Rbl, Rec, Rb2, Rd, Rg3(S), Rg3(R), F3, Ral, F1, Rb3,

L

F5+= ginsenoside

Ry =
xEed

ok

IO
T

CO (compound O), Rg6, Rk3, F4, Rh4, F2, PPT(S) (pro-
topanaxatriol), CY (compound Y), CK (compound K), Rkl,
Rg5, PPD(S) (protopanaxadiol), PPD(R) (protopanaxadiol)]
= BT H7ke 3 /G Ao BHdMe BHER
Afolle IS PIAA Fkon THHEE Al %
]S Table 13} 7t}

SRk wlste] AlAle| =] TR WAk TAkS
2 AzxEe PFoA F8 IAMeAle|ert AgtEe RS &
ek = ATk ] A FteldE AlAlel= 29
T T 11 T WAAte|= Aol HE HIUAL Wit =
ginsenoside Rh4 A3A3=o] 12 F¢] A|xeAte|=7F AEFH A
om, ZabllXE Tk 11 Fo] AleAle| =o)X 20 F¢]
AL B2 AEE s A=Al =e] F77F S7HEe A
< 2 & 5 AT

n]=ake A JAEARlE 10 Fo] AZFEASL W4t
718 A] ginsenoside F4 AAEo] 11 2] FMxAlo|=rT
ZHoH, 4o R 7 mlsate] A9 19 o A=

Table 1. The composition of ginsenosides in processing methods. (unit : %)
Korean Ginseng American Ginseng
Ginsenosides (Panax ginseng C. A. Mayer) (Panax quinquefolus L.)
FG" WG? RGY FG WG RG

Ro 11.54%3.35° 11.11+3.06° 7.27+2.07° 4.80+1.85¢ 5.21+1.64° 3.51+1.05¢
Rg1 14.70+3.66° 11.08+2.60° 11.31%3.07° 1.01%0.58¢ 1.16+0.96¢ 0.67+0.34¢
Re 22.81+4.88 19.63+3.78% 13.74+2.90° 25.21+4.97% 27.13%6.21° 18.11+3.80°
Rf 5.51+1.10° 5.14+1.08" 3.99+0.69" - - -

Rh1 - - 0.36+0.11 - - .

Rg2(s) 1.01+0.36 1.20+0.31° 1.20+0.46 0.15+0.08" 0.25+0.07" 0.41+0.09°
Rb1 19.64+4.14° 23.25+2.59% 28.63+3.50" 59.34+6.94° 53.51+13.179  66.63*4.41°
Rc 11.32+2.42° 12.02+2.49 12.75+2.59% 4.58+1.03" 6.01=2.71° 3.43+0.61¢
Rb2 6.92+2.30° 8.67+2.73° 10.75+3.47¢ 0.76=0.32¢ 0.99+0.40¢ 0.50+0.12¢
Rd 1.71+1.03? 1.64+0.69 1.70+0.84% 3.35+1.35" 4.53+2.90° 4.04+1.41°
Rg3(s) - - 0.58+0.14% - - 0.42+0.08"
Rg3(r) - - 0.24+0.05 - - 0.24+0.05
Ral 3.93+3.57° 4.67+4.11° 4.10+3.85 - - -

Rb3 0.91+0.40° 1.36+0.29" 1.31%0.43" 0.76+0.21% 0.99+0.34° 0.61+0.09¢
Rg6b - - 0.24+0.06 - - 0.22+0.04°
F4 - - 0.25+0.07° - 0.03+0.01¢ 0.19+0.04°
Rh4 - 0.21+0.04% 0.64+0.10P - - -

F2 - - - 0.03+0.02° 0.20+0.16" 0.02+0.01°
Rk1 - - 0.27+0.10° - - 0.43+0.07"
Rg5 - - 0.68+0.11 - - 0.57+0.09"
PPDY 44.43+3.84° 51.63+4.18" 61.01+3.82¢ 68.83%6.42¢ 66.23+7.92¢ 76.89+4.49¢
PPTY 44.03+3.23° 37.26+3.34" 31.72+2.84¢ 26.37+5.16¢ 28.56+7.1¢ 19.60+4.00°
OA? 11.54%3.35° 11.11+3.06 7.27+2.07° 4.80+1.85¢ 5.21+1.64° 3.51+1.05¢

YFG; freeze drying ginseng, ?WG; white ginseng, *RG; red ginseng, “PPD; protopanaxdiol-type [Rb1, Rc, Rb2, Rd, Rg3(s), Rg3(r), Ra1, Rb3, F2,
Rk1, Rg5], *'PPT; proropanaxtriol-type [Rg1, Re, Rh1, Rf, Rg2(s), Rg6, F4, Rh4], “OA; olenanane-type (Ro). All values are expressed as means =
SD (n = 12). Means within a row followed by the same letter are not significantly different based on the Duncan’s Multiple Range Test (DART, p

< 0.05).
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Rt Di=Ae| 7| WE

AllES PR S AT F AT
ol RAAIE B F PPT AY AR F4iel

o] ¢J3] [Rgl—Rhl—Rh4, Rk3], [Re>Rg2—F4, Rg6]=
AZHET (Lee et al, 2015). ¥ A7A3 1l e
ginsenoside Rh47} WA AAEHAI, wF4dA=
ginsenoside F47} 4] A= oH, nl=4t E4tollA= Rhd
7t AEEA] AT ©]= ginsenoside Rgl Hl&o] W]=4to]
JERIelA ] HlgRTE FAE] W v g o3k o= A}
g #h

PPD AlY A<l Rbl, Rc, Rb2, Re, Ral, Rb3 2 & 7}
3] 28] ginsenoside Rg3Z A E=™ THA] ginsenoside
Rk1¢} Rg5® #8H=]7] wfjiZol] 7lgagolx] xAmAtols &
F7F 2ove AL g1 F UL wepA, dirE o=
FOE Zxske AR Hrh geto] EAlske AdEjellA
2 AA 7Rsle AR A O B2 AEARe] =]
FAgo] o]Folx= RS &l & F AP (Fig. 2).

A=Al = Rf#F Ral2 I AARE AE0] HUL,
t]=HAke ginsenoside F27F So0]2 02 &AL} o= oA
Qi & (0114 A€ Bk 212, Hong?} Choi (2009y=
EQ14e] mAR ginsenoside REE A|AI5H7 |5 3ot A=
Atol= 244 B u5A4R2 ginsenoside Rb13F Re F74J0]
oF 80%= Th-Ee] dhds ARAISkal AT, e 10%
ole] A4S YeRE AEo] ginsenoside Ro, Rgl, Re,
RbI, Re, Rb2CZ FAjo] w27 EXHoE EAS B
t}. ol mlsAtel] BlE] XAweAle| =Tt IERIGe] s
F5o] UThE Lee 5 (2000)9] A7e} 7+ A= gl
t} (Fig. 3).

71534 % PPDAl AFEU 9

[e=]
=

e ne

] )

24e A ol 43

3T

M= d|m

3ol 31+l ©l= malonyl’]E 7F ginsenoside Rbl, Re,
Rb2, RdIA malonyl 717} ©2s]o] PPDAS] HA Al =

slafo] molX = Zlog Fdst & glom uwlEhd, 3o 7
7FgElo] AW PPD/PPT Bl&o] 76k AL & 4 Atk
(In et al., 2017).

Qi 5 (2011l &Jshd et nj=tike] PPD/PPT HI&:

& Aol 2.0 By A, wEake 2.0 Boh Erhs A3
LHSN B AT 2 ARE HYow, ol A

re i r

38 malonyl ginsenoside®] “d&Ec] g =o] PPDAl &=

o] Z7ket Yoz F=T 4= ATt (Du et al., 2004).
IR ml=te] TR F ZAIEARO| = K3 <]

ol

I PPD/PPT H|-&o] W3}EEd o] Rgl/Rbl H|Eo] EO

W 5234 A= a37F 2132 Rg/Rbl H]Eo] vrom F3
AAA WA ZHo] dtks AT AERE o] PPD/PPT H]

&oll A3 BEgt Q4% FF o]Fojof & ZoR AR
Ft} (Chu and Zhang, 2009).

Skt

oo

2. 72| Opo|:=At

fre] oAt FAO] ARES REEHS T 17 ToE
Z 14 F9 A&o] HEHJTE (Fig. 4 and Fig. 5). Lee
(2000)°1 <]5hH % % AT w54l A
Z9] opu]:=AkS BEA5 A3} arginine Aol 7HY o Zlo
2 HyElon, ol & Ay 22 AH4E Il 3
At

Table 28] Aol H= vle} 7o) arginine®] &&Fo] 17
AR 3.2%, Hl=AR 2.1%9] RS VeSS 28y 7t
TGOl arginine®] -2 AFHAM 1.3%, Pl=2E 0.9%
TFOR Fadhe A0RE YA ol 7€ FaelA &

o]

S

S oo

2~
T

042 7

810

N

h_ jn,,,,njl,; ; 1L,,,J1,A,,5

- _ﬂgk Red Ginseng ,, , |

1

White Ginsemng

,008 2 . .
) 1 810 Freeze drying| Ginseng
0.04 3 6 1 '
000} A W N S pJULRIRIS - N I
=4 PPD()
PPD(s)
0.08 1ﬁ . y
. 7 g=80
- ﬁ 3 F36 F? 3 12 c!)3 20 pers1617 cl:1 9 2SS
0.00 A

4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

20.0
s

2.0 24.0 26.0 280 300 320 34.0 36.0

Co

Fig. 2. UPLC chromatogram of ginsenosides in Korean ginseng (Panax ginseng C. A. Mayer). Peak number indicated ginsenoside
species [1; Rg1, 2; Re, 3; Rf, 4; Rh1, 5; Rg2(s), 6; Ro, 7; Rb1, 8; Rc, 9; Ra, 10; Rb2, 11; Rb3, 12; Rd, 13; Rg6, 14; Rh4, 15; F4,

16; Rg3(s), 17; Rg3(r), 18; Rk1, 19; Rgb].
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Fig. 3. UPLC chromatogram of ginsenosides in American ginseng (Panax quinquefolus L.). Peak number indicated ginsenoside
species [1; Rg1, 2; Re, 3; Rf, 5; Rg2(s), 6; Ro, 7; Rb1, 8; Rc, 10; Rb2, 11; Rb3, 12; Rd, 13; Rg6, 15; F4, 16; Rg3(s), 17; Rg3(r),

18; Rk1, 19; Rg5, 20; F2].
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Fig. 4. HPLC chromatogram of amino acids in Korean ginseng (Panax ginseng C. A. Mayer). Peak number indicated amino acid

species (21; Asparagine, 22; Serine, 23; Glutamine, 24;

lycine, 25; Histidine, 26; Arginine, 27; Threonine, 28; Alanine, 29;

Tyrosine, 30; Valine, 31; Lysine, 32; Isoleucine, 33; Leucine, 34; phenylalanine).

Ao zol 7ol maillard reaction WH3-0]
2} arginine & $HeFo] ZTAITE 7]E A9t
BAT} (In er al., 2017).

EAE ol Ake] 14 Fo] o2 aERIste] mlsAtE
o =4 el on, Fakela e THaeM & o
oF 60%2] o] Folees AS & F UlUTh

o]= Matsuura 5 (1994), Li 5 (1992)°4 T3} ofr|=

A1 maillard HH0] ot ofmat FEA 7}

helog B 5= 9tk Arginine®] 24 Hl&o] 14 F
70% - 80%2 AFATL o= T laton}
t} fAkEl o EEbd & ovlee] W 3
T Atk 7HEHE S arginine HIF

Fo) Poll mHE JPo] bF 2 AL B
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Table 2. The content of free amino acid in processing methods. (unit: mg/g)
Korean ginseng American ginseng
Free amino acid (Panax ginseng C. A. Mayer) (Panax quinquefolus L.)
FG WG RG FG WG RG

Asparagine 1.75+0.52? 0.88=0.71" 1.28+0.21¢ 1.23+0.32¢ 0.55+0.16" 0.92+0.28¢
Serine 1.44+109° 0.83+0.92% 0.59+0.58° 0.97+0.52% 0.89+0.64% 0.40+0.27°
Glutamine 0.49+0.232 0.30+0.20* 0.20+0.08° 0.36=0.12% 0.30%0.13% 0.20+0.14°¢
Glycine 0.18+0.15% 0.12+0.12% 0.05+0.04° 0.15+0.07° 0.11+0.06 0.05+0.02
Histidine 5.39+2.05% 1.50%1.67° 0.09+0.04¢ 3.69+1.06¢ 1.00+0.72" 0.14+0.11¢
Arginine 31.94+11.01° 16.21+12.28°  13.88+8.59" 20.60+4.91° 15.39+5.335 9.29+3.19¢
Threonine 0.20=0.11% 0.20+0.10% 0.08+0.03¢ 0.27+0.24% 0.22+0.10° 0.10+0.05"
Alanine 0.31+0.19° 0.88+0.57" 0.15+0.04° 0.27+0.112 0.83+0.22° 0.11%+0.05°
Proline - - - - - -
Cystine - - - - - -
Tyrosine 0.21+0.37% 0.28+0.24° 0.08=0.11% 0.06=0.003% 0.15%0.04%¢ 0.04+0.03¢
Valine 0.10+0.05% 0.14+0.05° 0.04+0.01¢ 0.13+0.06" 0.19+0.08¢ 0.06+0.03%
Methionine - - - - - -
Lysine 0.48+0.32° 0.44x0.28% 0.11£0.11° 0.31+0.05™ 0.39:+0.10" 0.16:£0.03%
Isoleucine 0.10+0.06* 0.14+0.05% 0.05+0.02" 0.13+0.05% 0.17+0.06¢ 0.06+0.02"
Leucine 0.15+0.05° 0.42+0.14° 0.05+0.01¢ 0.18+0.05° 0.40+0.10P 0.08+0.03¢
Phenylalanine 0.15+0.14° 0.34%0.14° 0.05+0.03¢ 0.13+0.05% 0.32+0.08" 0.06+0.03%

Total amino acid ~ 39.31+9.60° 22.68+19.08™  16.70£16.95¢  28.46=3.61" 20.91+6.70°¢  11.68%6.99¢
Arginineftotal g1 0043500 715045430 83104454 724045947  73.60=3.63  79.60+4.29"

amino acid (%)

All values are expressed as means = SD (n = 12). Means within a row followed by the same letter are not significantly different based on the
Duncan’s Multiple Range Test (DART, p < 0.05).

20.00

26
= 10.004 r 33
32 F’{% - .
eze drying Ginsen
ol 2% s [l 30 ailg  TPEZE GYING BINSENg)
20.00
= 10.004
White Ginseng
0.00 21 223 2@5
20.00-
= 10.00 -
32 Red Ginseng
0.00 .21 223 2425 ?&7 28 29 30 31|34
20.00
= 10.00] 4
T=90i
74 28 Proline :H:Io 1
0.00-

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000

Vs

Fig. 5. HPLC chromatogram of amino acids in American ginseng (Panax quinquefolus L.). Peak number indicated amino acid
species (21; Asparagine, 22; Serine, 23; Glutamine, 24; Clycine, 25; Histidine, 26; Arginine, 27; Threonine, 28; Alanine, 29;
Tyrosine, 30; Valine, 31; Lysine, 32; Isoleucine, 33; Leucine, 34; phenylalanine).

3. Arginine, 572l2, AFG, Maltol, SEHPACIEA| abgd

=

3191} (Table 3). 7Fe-olA TeQlata) )=t B wia)
2132 glucose, sucrose, fructose, maltose 4 FS 4] =

IS4t AT freEld 4 ol Fel Sl A
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Fig. 7. HPAEC-PAD chromatogram of AFG and Maltose in American ginseng (Panax quinquefolus L.).

Table 3. The content changes of the arginine, arginyl-fructosyl-glucose, free sugar and red ginseng polysaccharide in processing methods.

(unit; mg/g)
Korean ginseng American ginseng
Analytes (Panax ginseng C. A. Mayer) (Panax quinquefolus L.)
FG WG RG FG WG RG
Arginine 31.9+£11.0°  16.2+12.3"  13.9x8.6™  20.6+4.9" 15.4+5.3" 9.3+3.2¢
Maltose 1.8+0.8° 26.4+9.5P 53.0%+22.0° 1.0+0.3? 7.8+5.9 28.1+6.8
AFGY - 18.4+5.1° 73.9+13.4° - 12.2+5.2° 42.9%7.6°
free sugar” 49.1+6.3 71.3+£16.9"  109.1+25.1°  36.5+2.9¢ 40.9+9.77  64.9+7.5"
Maltol - 0.1x0.1 0.4x0.1° - 0.120.0° 0.3x0.1¢
Red ginseng acidic polysaccharide () 9.5+2.1°  31.4+4.7 5.6+0.8° 45+1.0°  35.2+4.1°

(carbazol-sulferic acid method)

YAFG; arginyl-fructosyl-glucose, ZFree sugar; sum of glucose, sucrose, fructose, maltose. All values are expressed as means =+ SD (n = 12). Means
within a row followed by the same letter are not significantly different based on the Duncan’s Multiple Range Test (DART, p < 0.05).

1=}
R

=

e o)= o] 719 AR = maltose & SFEF =717}
FES vH= Ao Holey ol o] wiia SaAIx

Fgoln Ao s hRAIS 4 Zel e wEA)
Yol 75 #al she] BARol F71E7] RO FEc

(Ko et al., 1996).
AFG 9] e

o

el Vi we) el 7k

= glaL o
M 2 el H Fkske Ae & A ol In F
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Fig. 9. UPLC chromatogram of Maltol in Korean Ginseng (Panax ginseng C. A. Mayer).

maillard reaction WEg-o] | w2}t AFGZF A= =H
(Matsuura et al,, 1994), AFGS] A/dol W<} arginine®] ot
Fo] Fol=x AS ERISIIO Y maltose= FatollA] 3ol
Ae] gl= AoE Hol tE HAFEd=2FH AEAA= A
o= ek ol QIate] EXEl A F ohdRe] 4t
7hEitslate] ol AL o] ko] ofw| =
(arginyl-fructosyl-glucose, AFG) A3/ W7lUZol F&S =
o FZ5H

Maltok> S4ke] #atal Daet &8 7= $4te] tix
ARl g AEoRE ko] A7 AReE =T st &

AL 7= EZoltt Matsuura er al, 1984). S =
maltolo] §IXRF WAtoll A A, SAtoM= 1 o] B &

7t ke AL B F AT (Fig 8, 9). Z&HIMNE T
A2 g T4Fe] maltol THge] vkl Sk GAEE §
METH O Wol AEF AT

Maltol> maltose®} ©}v|x=4bo] WES-3Fe]  maltol 2}
glycoside B7} A4 =l (Li, 1992), &1kl 4ol 9l
© opH|=Ake] FHo] msratE Tl Wolx A1k g4t
H|=AHETE maltol $de] Bo] A= AoE F5HT.

ST s WY9ER immuno activator (Lee et al.,

1T O -
2015) ¥ JaAE w3yt A+4E F8 dEolth (Kwak er
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al., 2010). ¥ A A3}, o] 739, FARITEA ke
IR mlEAA 2 AlolE YERNA] gsten, S €
gt $A4ke] Ao E SabdridAe] S arE
3} Aol & 2ol Holx] et ey 7l
Aol WAt 7ROl A EE SARITHEA Bt 34
R oA FAHdTiEA ] o] o ol AdE= A
S 2 Ak o]& Kwak 5 (1996)°0] 34t 715-37g 04
Fate] A7 71EslE7] A8 dEE AdEe] o B2
ko] ThA7} FEHE T Bask Auel 729kt

ool At AAE TSl B 1M v=hs W
A, Sato g JHgshe oA o4kl arginineS A
31993 maltose, AFG maltol, ST AlE 2 ghafol
e A=A

[e]
Rl

JEATR=N-Y

F7HKe 2% gAsIRor, Sk JREL
T T RO /1 BAIA o Bel 44
L 2e 3T 5 Agin.
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