Korean J. Food & Nutr. Vol. 25. No. 4, 827~832 (2012)
http://dx.doi.org/10.9799/ksfan.2012.25.4.827

THE KOREAN JOURNAL OF
SIRAZGUBIOX]
FOOD AND NUTRITION

Phenolic Acid Composition and Antioxidative Activity of Red Ginseng
Prepared by High Temperature and High Pressure Process

. J* + .
Kyung Hee Jung, Hee-Do Hong, Chang-Won Cho, Min-Young Lee, Ung-Kyu Choi and Young-Chan Kim
Korea Food Research Institute, Seongnam 463-746, Korea
*Dept. of Food Science & Technology, Korea National University of Transportation, Jeungpyeong 368-701, Korea

Abstract

This study was conducted to develop HTHP ginseng (high temperature and high pressure ginseng) with improved
antioxidative activity and phenolic acid composition by high temperature and high pressure process. The HTHP ginseng
extract was analyzed for the total phenol content, DPPH radical scavenging activity and phenolic acid composition. The
total phenol content was increased in HTHP ginseng (14.76 mg/g) compared to raw ginseng (3.59 mg/g) and red ginseng
(3.93 mg/g). DPPH radical scavenging activities of HTHP ginseng, raw ginseng and red ginseng extracts were 4.8 ~78.4%,
1~47.4% and 1.8~56.5% at 1~100 mg/ml concentration. Also ABTS radical scavenging activities of HTHP ginseng, raw
ginseng and red ginseng extracts were 8.9~99.8%, 3.4~96% and 1.2~96.5% at 1~100 mg/m{ concentration. In HPLC
analysis, amounts of measured phenolic acid of HTHP ginseng greatly increased than raw ginseng and red ginseng, but
salicylic acid was not detected in HTHP ginseng. In addition, DPPH radical scavenging activity of phenolic acid from HTHP
ginseng was increased. Consequently, we believe high temperature and high pressure process is better method than existing
method to increase the bioactivity of ginseng.
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(Park 1996). 113 Ql4te] A EL B3HE(60~70%), 2
23RHE(12~16%), AFEZHG~6%), A8 A=(1~-2%), 3
EH(4~6%) D 8]eh0.05%) S0 HuEglon] =9 oF
AR L 2= A4 AREd(ginsenoside), AHYTHEA], Ee]of
Agd, Loz, grilshy WF=EsiehE, 11u]4l(gomisin-N
It A) Fo| HaLE|o] QlitkPark 5 2003). 4k o] AHH
ATE B3t ikl ARo] JHAE 2Esta, 1EES

7F AL, et amet J7)s gl AR, FuRe}t FAEY
2 53} o] B aEQriNam KY 2002).
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R 7okl EA YL SA5HETh ES Yoon F(2005)
2 Fhaxele] uhe QAo olsary K EMstE 2 sto]
2ol U2 7hgy MR I AR T 5 A
X Bk Fo] Wakshe 22 SISk, Yang 52006
o memg Helo] o3 Ao F FejvlEnt Hepricol
= gepel wisleh Mol LEsh AlRle] F71ASS Ak} B
ol 7RIt 978 Saskgt & ATHANE 34
3ol W melelite] ofakety B4 wale] et A7E
F3to] QAFe] HE KR WA wmAfe|E0] Fapo] 2
7¥he & SISt (Hong 5 2007), B4 2ot 22
o o3t Qi 2 P BHe| Tt ATE Ftol
Qut g STk Ak} Bl S7HE ST ot it
(Kim 5 2007).
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1. EEE LAY
H A¥ o] ARE-H polyphenol FFF caffeic acid, cinnamic
acid, ferulic acid, maltol, p-coumaric acid, p-hydroxybenzoic acid,
salicylic acid, syringic acid, vanillic acid+= Sigma Chemical
Co.(St. Louis, MO, USA) A& AMLSIAT, 7|7]24S 9
3l water, acetonitrile, ethanol(SK chemicals, Ulsan, Korea)<
HPLCES AMS3HeiTh 1 9 25 553 A|okg AME3IT.
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2 Folin-Ciocalteu(Singleton & Rossi 1965) ]| wl2l =43}
on, FFEZL gillic acidE ARSI

4. TE B

QAere] Al2o] 80% MOHS 7Hek F 80CAN s
Sjoich 2E2L ofTAR ojatalol 7IE F25KL, 10% MeOH
50 M2 921 & diethyl ether:ethyl acetate(1:1) ¢l o]&
stof sAbe wel S&sIsT Bel 8Esied ol s
AFE BIOHE %<1 F, 045 m 9 Wel2 olaelo] Atst &
A7} e BAE 918 AR gtk 4F % polyphenol
9] BX2 Y3 ARE-H 7]7]+= Jasco(Tokyo, Japan) HPLCZ
degasser”} ZF&HEl PU-2089 Plus gradient pump, AS-2075 Plus
autosampler, 12} 31 MD-2010 Plus multi wavelength detector=
TR B4 HYL Sunfire™Cis(4.6x250 mn id., 5 gm
Waters, Milford, MA, USA)S ARSI, FUHFL 20 wnl,
42 0.8 mt/min, ZH-2%+=40C, AYA HE7] Sdag2
280 nmZ A A5l BEASIETE o] FACZ = (A) 2% acetic
acid?}, (B) 0.5% acetic acid, 50% acetonitrile2 223} A& 7|
2 875t ARESHRAL, 71&7] &8 27 (gradient system)
o] g3lgom, BE 7|F22 0%(08), 55%(708), 100%(738),
0%(78), 0%(80)°]ith E2d it & #HE4te
retention time & spectral profile2 H|W3}H o, #| =4 §F
Fo BE 54 peak area® SIS TH

5. DPPH radical 27 A

P4k 8442 1,1-diphenyl-2-picrylhydrazyl(DPPH)& ©]-&-
sto] A|29 gt 2AA8NE S45H= Blois WH(Blois
1958)0]] 2J3f ofee Aol AJ= 200 x02} 410 * M2 &
E2 591 DPPH &9 800 & Pl Eate] 1027 WX
gF ohE 525 mmoflA| FFEE SASHAoH, gRFeREE
TroloxS A3}t DPPH radical A7 42 o3} o]
AArsS Tt

_ Abs
Abc

DPPH radical scavenging activity (%) = (1 ) x 100
Abc: Absorbance of DPPH solution without sample at 525 nm
Abs: Absorbance of DPPH solution with sample at 525 nm

6. ABTS 27 &AM

ABTS 27 242 Van den Berg 59 2 AFsto] 274
3}t (Van der Berg 5 1999). 1 mM2] 2,2 -azobis(2-amidinopropane)
dihydrochloride(AAPH)= 100 mM PBS buffer(pH 7.4)o] %21
2.5 mM2] ABTS(2,2-azino-bis 3-ethylbenzothiazolin-6sulfonic acid)
of BT F 8T FFexolq 128 F HSAHT AR
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20 109k 980 1l ABTS LML 37T 2z o|A] 108 F<F vt
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7. SAES

Ay Aol EAEA-L SPSS program(Statistical Package
for the Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)
2 A23}4] Duncan®] T % ¥ (mutiple range test) 2.2 &
o4 AL p<00s SolAl AN

71:I_|. al _Tl_

[l

4 24L& 9 EAstks 22 dAMEE Y] SR o
oFsl Lz} BxpekS 7R 2 (Min & Bae 1996; Lee 5 2011),
AANA At 92 FAEE 7HAA HER
981; Kwon 5 2011) A &Ast= ALY E
29 g 722 dlmd 245 e A7 SEs] 8 E
I QthKim F 2005). ZF A &9 F s IS ST 2
= Fig. 13 2} 409 g4 3RbE ] 92 3.59 mg
/g, S4e] Hl=A 3t SRS 3.93 mggel itk 121yt
A B4 Hsd e S 1476 ng/g o &2 7]E9
4 2 A 94 2polE E Y th(p<0.05). Yang -5(2006)
9] B A4 Choi 5(2006)2] AFE Farsto] & &2
o] boundPGol|A] freeFd o= HA}sto] &AL H=A 3}
AEE ASHAY AEA BEEH S7HRE Zol=taL 7]
<3t BF UASE 239k A of o3t H= o STl o
3t A= o ool & Hog YZHET
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Fig. 1. Total phenol content of HTHP ginseng. Different
alphabets in bar show statistically difference at p<0.05 by
Duncan's multiple range test.
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Fig. 2. DPPH (A) and ABTS (B) radical scavenging
activity of HTHP ginseng extract. Different alphabets in bar
show statistically difference at p<0.05 by Duncan's multiple
range test.

DPPH E42 A& 1~100 mg/ml S=o A 44t 1~47.4%, &
A} 1.8~56.5%, 1211 A 2] T 48~78.4%2] Bhr)zt &
A &S 2, AA 5= 1 ngmeo A= AR {9
22l Zpol& HolA| erAut, 10 mg/mle} 100 mg/meo A= 4=
A E SA 239F S §-94 AJolE HEHITHp<0.05).
ABTS o)zt &7 EA4L2 A& 1~100 ngml FE=o| A 4
3.4~96%, T4k 12~96.5%2] AL BT, 121 A7
Bl A9 89~99.8%2] AL B, E3] 10 myml
o] F=ol A At R ST A 2ol (p<0.05)E UEh
o, 22 A S Bk 1 B 1Y Ao o
A& 9] Fatst 0] Wsk= o =R BuEglE,
T2AE ikellA B2EA F7HKim 5 2000), T2
A g 53 nhs Eevs A8 SR R0lE A& 371
o} gAkst & 3ko] Z7HKwon S 2006; Lee S 2012)7} B 1H
HF glem, Jin 5(2009)0 A2 A3t AR a2
He FAstavie} drante] F7HE gl vt givk gl
3 SRHES st anE Uehli= di#4 242 Fig 19
% v T S A E4E STHTIEH 9%
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3. Hi=4t =4

2k Az A=Al B8 e HmA 24 HPLCR B4
3t A= Table 137} 2t} 2E= A|R0)|A maltol, p-hydroxybenzoic
acid, caffeic acid, vanillic acid, syringic acid, cinnamic acid”}
Folx] 9l 00, p-coumaric acid, ferulic acid= A} 1231
& A Sl A FRIE 1, salicylic acidi= 122319t A2
Aol A SIER] gt 2231k A7 4ol A ghlE
4 FHFE At o g 4t SAFY| gFET EA
Ugh=d, Fig 19 2230 349 & Hls & 5719 2
12 Hs54 SgEY 459 HeitE S Aes A
ZhEoh YubA 02 maltol A4S a7t Qlo] A =3}
o e A9 BAeHE ARtk B g vt §lar(Choi
5 2002), p-hydroxybenzoic acide= E3#]312Me, X828 5
(Havsteen 1983), caffeic acid= @l A2 ZHg3sta1, AL
SHEA dEA Jom, st AEY A G 9 o ETEAl
O] AikE AT 4= ltkar YA AKTousch 5 2008). &
3} vanillic acid= 3¢F2-8(Han 2009), cinnamic acid+= 1]AY
E ZAKuk 5 1997), coumaric acid= 2AJ(Park & Park
1994), ferulic acid= A% 28, &L o|¢2HE S5(Cho 5
2000) B Aoz 7]5/do] eoittal Hare v ok Ad
Aate] mengk A2 Fakel disdt Bol Srolit F4F
of us) Z7kE Aom WSke W Fig 19 & s ol
=1 FAlol Fig 2 @4kt @4do] F7Hd AAH At
A 2 AHEEE 7HE Aoem AZET

4. HZ=AQ| DPPH radical &7 &AM

Z N2 Al @S AEE A3k Fig 3(A)9F 2tk
10 mg/mt s A 4t #HZARe] 9 16.6%, T4 Hls4te
749 329%9] &2A BAE Helom, B39t A2 34
H=ALL 81.5%9] =2 gir]zt 274 AL Holn, 24 1
A 593 ZpolE UEFATHp<0.05). Choi 5(2006)-2 ¥
Aol Al #Hl=At 20 244 9 TS AL EEY 7
Akst @3S &7gste] ferulic acid2] o] 4kst &4 F71
o AL = Aolgtn B vt qlrh BE #BAko] A
3} a2 A3 AaKFig 3(B)), ferulic acidS Z3H3t it
£ HlZAbollA w2 FAkst @40 SHEHSGIL, o] AR
Ho} Table 194 HAR= 40} S4tET 2 120%

Table 1. Phenolic acids composition in ginseng products
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Fig. 3. DPPH radical scavenging activity of phenolic acids
from HTHP ginseng extract (A) and authentic phenolic acids
(B). Different alphabets in bar show statistically difference
at p<0.05 by Duncan's multiple range test.

Ag] A wleat ol ket B4& SV 9

2 AFollA e T2y A2 E T T FEEY A
o} S} Hliz4t wo HBlE ST 23 A
4] & Al RFS 1476 mgg 02 7]E9] $24F 3.59 my/g
34k 393 mgge] HIs =& TS UEich A 2492
=% 1~100 mgml HEo)A] 219 X7 A 4.8~78.4%,
=24} 1.0~47.4%, T4 1.8~56.5%2] DPPH 2tt]Z 47 &4

L]

(Unit: ¢g/100 g)

Maltol p-Hydroxybenzoic Caffeic acid Syringic p-Coumaric Ferulic Salicylic Cinnamic
acid +vanillic acid acid acid acid acid
Raw ginseng 6.3 137.2 44.6 18.6 - - 1,098.3 3,482.6
Red ginseng 56.4 68.6 80.3 129.9 59.0 354.8 231.2 51.6
HTHP ginseng  6,213.2 823.3 307.8 6,938.8 901.2 3,796.7 - 3,737.1
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Lot

< Hom, ABTS 2tz &7 B4 12y A2 4
8.9~99.8%, AF 3.4~96%, 4 1.2~96.5%S R ATt Al
ZA}o]| A= maltol, p-hydroxybenzoic acid, caffeic acid, vanillic
acid, syringic acid, cinnamic acid, p-coumaric acid, ferulic acid
o] Bt o] 27 Z71e AL Slson, B
o] DPPH t]Z &7 &4S 743 23, 10 mymed] 5=
oA 2319 A ZAF 8L.5%E TAF 16.6%2F 4T 32.9%
Hoh &2 4 84S Ytk
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