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Abstract : Phenolic acids of white ginseng were extracted and fractionated into free, esterified, and insoluble-bound
forms. The contents of individual phenolic acids in different forms were quantified by gas liquid chromatography. Nine
different phenolic acids as free, esterified, and insoluble-bound forms were identified in white ginseng. Total phenolic
compounds in different forms of extracts was 0.309% (free form), 0.230% (esterified form) and 0.138% (insoluble-bound
form), respectively. Total phenolic acid contents in free, esterified and insoluble-bound form were 889.3, 356.8, 1,176.9
mg/100 g fraction, respectively. Ferulic acid was the predominant phenolic acid, representing 63.7% and 50.9% of total
phenolic acids in esterified form and insoluble-bound form, respectively. While caffeic acid was only detected in ester-
ified form. At 10 mg/m/ insoluble-bound form quenched 95.9% ABTS free radicals generated from 2,2-azobis(2-ami-
dinopropane) dihydrochloride (AAPH). Also, electron donating ability and lipid peroxidation inhibitory activity of
insoluble-bound form were higher than other fraction. All phenolic acid fractions scavenged over 80% of hydroxyl radical

at 10 mg/ml/.
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extraction with methanol/acetone/water(6:6:4)

centrifugation (3,000 X g)
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I Residue I

concentration, acidification (6 N HCI, pH 2) alkaline hydrolysis (4N NaOH)
centrifugation (3,000 x g) acidification
| Supernatant | centrifugation (3,000 X g)
extraction with hexane [ Supernatant |
I Water phase | extraction with hexane
extraction with DE/EA l Water phase |
‘ DE/EA extract H Water phase | extraction with DE/EA
alkaline hydrolysis
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! Water phase ’
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l DE/EA extract l
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Fig. 1. Procedure for the extraction and separation of free, esterified and insoluble-bound forms phenolic acid from white ginseng.

DE/EA means mixture of diethyl ether and ethyl acetate (1 :

)
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Table 1. Total phenolic compound contents and yields of free,
esterified and insoluble-bound forms in white ginseng

Total phenolic

Yield (%) compounds (%)
FPAD 3.028 0.379
EPA 1.634 0.230
BPA 0.715 0.138

Y FPA : Free form, EPA : Esterified form, BPA : Insoluble-bound form

2. GCof| o8t mi=Lite] M2
Wiaewie 2eE 7wt 488 TMS f=A2 o
£°] GCE ¥48 d¥= Fg. 29 2t /89, o282

wape] ssal 243 FAS B 25

0 10 20 30 min

FPA

20

PA
80
60
40 -
20

EPA

PA 5 BPA
80 |

60 -

40 - .
ul.

20

0 ¥ T T
0 10 20 30 min

Fig. 2. GC chromatograms of free pheolic acid TMS derivatives

(FPA), esterified phenolic acid TMS derivatives (EPA),
and insoluble-bound phenolic acid TMS derivatives
obtained from white ginseng.
1. Salicylic acid, 2. Cinnamic acid, 3. p-Hvdroxy
benzoic acid, 4. Gentisic acid, 5. Vanillic acid, 6. Gallic
acid, 7. p-Coumaric acid, 8. Syringic acid, 9. Caffeic
acid, 10. Ferulic acid

g, 499 Hzt R C2RE salicylic acid, p-hydroxy-
benzoic acid, gentisic acid, vanilic acid, gallic acid, p-
coumaric acid, syringic acid, caffeic acid, ferulic acid7}
FHEUT 3714 Fel] it Ei8e £ e A
A gE 100g T s S 499 > 72 > 9
2dl28 &0 2 Jeldd (Table 2). w4t & caffeic acid
= JdZHEY FEAAT AL, FElE EId=
gentisic acid’} & ©|FW, oLH =23 AP =
ferulic acid7} & Hzde & & AUk ¥ T A
FoA = Qe 889 A Tl EAlske HEitke
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Table 2. Phenolic acids contents in phenolic acid fractions (mg/100 g of fractions)
Phenolic acid FPAY EPA BPA Sum
Salicylic acid 131.6 19.7 ~30.9 1822
p-Hydroxybenzoic acid 153 39 105.5 124.7
Gentisic acid 616.3 114 99.7 7274
Vanillic acid 40.8 292 20.6 90.6
Gallic acid 19.0 16.1 21.0 -56.1
p-Coumaric acid 27.5 272 280.4 335.1
Syringic acid N.D. 8.0 19.9 279
Caffeic acid N.D. 14.1 N.D. 14.1
Ferulic acid 38.8 227.2 598.9 864.9
Sum 889.3 356.8 1,176.9 2,423

D See foot note of Table 1.
JN.D. : Not detected.
Table 3. Phenolic acids contents in white ginseng (mg/100 g of white ginseng)
Phenolic acid FPAD EPA BPA Sum
Salicylic acid 3.983 0.257 0.177 4.417
p-Hydroxybenzoic acid 0.462 0.051 0.603 1.116
Gentisic acid 18.661 0.149 0.570 19.38
Vanillic acid 1.235 0.382 0.118 1.735
Gallic acid 0.575 0.210 0.120 0.905
p-Coumaric acid 0.832 0.355 1.604 2.791
Syringic acid N.D. 0.105 0.114 0.219
Caffeic acid N.D. 0.184 N.D. 0.184
Ferulic acid 1.175 2.969 3.426 7.57
Sum 26.923 4.662 6.732 38.317
Y See foot note of Table 1.
DN.D. : Not detected.
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Fig. 3. Electron donating abilities of free, esterified and insoluble-
bound forms in white ginseng. FPA: Free form, EPA:
Esterified form, BPA: Insoluble-bound form, Trolox:
Trolox
Each bar is the mean standard deviations for triplication
experiment. Different alphabets in bar show statistically
difference at «=0.05 by Duncan's multiple range test.
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Fig. 4. ABTS radical scavenging activities of free, esterified and
insoluble-bound forms in white ginseng. FPA: Free form,
EPA: Esterified form, BPA: Insoluble-bound form,
Trolox: Trolox
Each bar is the mean standard deviations for triplication
experiment. Different alphabets in bar show statistically
difference at 0=0.05 by Duncan's multiple range test.
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Fig. 5. SOD-liked activities of free, esterified and insoluble-
bound forms in white ginseng. FPA: Free form, EPA:
Esterified form, BPA: Insoluble-bound form, Trolox:
Trolox
Each bar is the mean standard deviations for tripl:cation
experiment. Different alphabets in bar show statistically
difference at 0=0.05 by Duncan's multiple rang: test.
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Fig. 6. Hydroxyl radical scavenging activities of free, esterified
and insoluble-bound forms in white ginseng. FPA: Free
form, EPA: Esterified form, BPA: Insoluble-bound form,
Trolox: Trolox
Each bar is the mean standard deviations for triplization
experiment. Different alphabets in bar show statis:ically
difference at 0=0.05 by Duncan's multiple range test.
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Fig. 7. Lipid peroxidation inhibition activities of free, esterified
and insoluble-bound forms in white ginseng. FPA: Free
form, EPA: Esterified form, BPA: Insoluble-bound form,
Trolox: Trolox
Each bar is the mean standard deviations for triplication
experiment. Different alphabets in bar show statistically
difference at a=0.05 by Duncan's multiple range test.

2ASES 2P3 A7} ferulic acid’} coumaric acidell B3|
Zio] 2 Aoz Uehdy, ABTS Bt aAFIAE
ferulic acide] @Alo| caffeic acid, vanillic acidel] v]3] &<
Aoz AAEJL), wEiA, AFE 4 A2HEZR A
o FhEo] e Aoz Yeld ferulic acidet SHE &
A% 7 Aol d= Aow AztEn) wiitel HiEit &
%E¢9] superoxide dismutase (SOD) +AF&4 & Fg. 50
Yebith, SOD #AFHdS pyrogallolo] - ~8&-of|A] w27
A=A} (autooxidation)s] 37, o123 A4S} superoxide
7b #Aditte YEE o83 Aot F, superoxide
dismutaselt FAFE A EH o] EAEE A ol Asatsrt
“Zﬂ & 2, A EE A=E vast] A8 224
AT AE EH—%EQE AR
?‘z} trolox?] 4je] 5.0%0ul Wl Wate] d2H=H 2t &
23 sEi FE2E] 247 10.0%, 6.7%2 FHE &
24 zhe Ao Yehdth A v)3)] d2HEd &
FE9] SOD Al FoHeR 52 7o vEht 5
=4 ghegale] AEgS AHE o fYsh HAEEE caffeic
acid®] 2H& 7l Aoz xlg¥r}. Caffeic acide A%
2)o) FF&3} Age] folsld Jlmge] SEEHEAN A
5010, webd, DPPHY ABTSS 722 #itizhe AAshe
Ao Agd ) Bls] FA caffeic acid’t LA LA
ARolu g wWrle] o AH|2Y FERO £FE 53
_?]_ o‘j.;Loﬂ /\}&Ltﬂ- 22 o‘l‘— 7-%7\74_3 /\—]Eﬂ 7}_
AzbEck, Hydroxyl 2heiZol 23] 2-deoxyribose

3

g rlr

o]
AR
3 ¥

LA

% op 4

i

A 0735 - A - AT - A9 SERSLES

ZHEE AAE thiobarbituric acid reactive substance
(TBARS)% 243 @4 3&24 HEAt B8 25 80% ©f
Aol e 48 e AR SHHUL, sk #
#go] gle Aew UrE‘r‘fxl:}. 1 mg/ml FEolME 23]
Ao w3l FelF =] o] E& AoE
B, 10 mg/ml FEodME 28 > fE8 > odXHEF
oz ettt 43% it d82 vese 24 7
of AAIATL A v, OE HEit S8 3R 5
71l uet Ao gaHe o= UrEP/} ydroxyl 2t
= 1~10mg/
m/ /‘}0101]"1 @7‘4 d 5 e Ao AR %E}. Phosphandyl-
cholineg ©]-8-3F A A3IstE A G 848 AR 27
ARl FA3E AAFE 50% A= JAISHAL, ZH=
Pt Fe¥e 40%8= AAsIATt. e BAtEdA 42
E F A AEES JAREe) A= AFARlst o
A B dRo=A T84 2 UeH, maltol, slicylic
acid, vanillic acid 53 2+ B4 &L ALIISFE F
3R ferric ion (Fe*)? g9 #8lEHE (chelates)e 3
A5k Fed T2 23 5}}\] 1o 2H & shALs) 248 qE}q;b
Aoz HaHPH?. Zhang T AdFEY 747}7}
arachidonic acid®] I¥slE ojAlsled, GC 4 A% &
3} APak Bal|7t A BAYsA] e AoE B sgon,
o] 8o o\ FE&E 3} caffeic acid, vaillic acid, ferulic
acid® ¥|x3 Z3} MDA (malondialdehyde) 43 °411] &3}
7} 2+& HolA ferulic acide] JA|&o] =22 A
i v 7 RS =1E W fARE 84Sz A
2 Bl & A A3 daeM s A3 ol
230 @o] ¥ ferulic acid W= v]FF oz Fgo] 1}
Elx]= e3A]RE, ferulic acid °k°] 2o AFE I o 2HE
3y et Q
e, A%
Ao7 %“é"] 7Pﬂ“ v 28 st Yol e
o} Akglo] oF 40% Ao X AalslE A oA &
ZHe Aoz ZAHT 23 g A" EF
3] ferulic acid ¥]-&°] =& ©¥X|9 ¢ =4
gislo] Qlo] o] F HEite giksl Fpgow AztEt
DPPH 9} ABTS #}t|Z &7solre ¥
428 #H=4 8 &o] deoxyribosett phosphatidylcholine
AlsL wgolM e thE HEat YR FARRE e E40)
UeptEtl, o] AL Q4 Foll theket Flsite] Exska o]
Eo] 7R sl B4o] deaE-g veid ZeE A7
Hoy &5 Qshl oekst JE7ke] e Ag] 3 It
gast Rog AZbEr),

}fx

E ox off ox
to K1 g X



Vol. 30, No. 1 (2006) wAke] Ak

o (=]
L. =

B ATE Mo sny et R8-S de F AEi 4
£ES 24 P PP 2T, 0| P 59 P8 BY
2 2437] 98 AN F25 @ sy 229§
S fEl¥ (FPA) B20] 714 22 202 teid, GC
24 P shEdt Yol B AR 2ASRC 2

2}, 3579 HEA4t 8ol zhe dAtks 9 AYEs 2
# ferulic acid 3Fo) 77 &%
ol gz &A EAo] Fo¥og T2 o7 FAES
o} o, SOD FARR A= 2H 2 #HEAt gie] &4
o] F& Ao Uehgded, o)A d&E=23 (EPA) ¥
olMvt A&H caffeic acidell 23t 4402 AyztET, W
o #HlEAt FEo] Zatolut tE HAE] FEE Hig] in
vitroo| X &/30] B Ao R YelAY, FEHE ot 9
A o3 S 2T 4 S A= AES B
o & PaAo] glormE B dpo A=
Aol vls)| wWol olFolxA] U =ikl
Tk opE} &5 07 o)A ol & WS AT 7x A
g2M9 7IX7} g AR AlRETh

rL
i,
e
o ot
=
=
pd)
i
>,
o

£ ol
o
re

-1

]

2IZE8

1. Park, C. K,, Jeon, B. S. and Yang, J. W.: The chemical com-
ponents of Korean Ginseng. Food Industry and Nutrition. 8,
10-23 (2003).

2. Brekhman, 1. L. : Gosudarst lsdat et Med. Lit. Leningrad. 1-
18 (1957).

3. Benishin, C. G., Lee, R., Wang, L. C. and Liu, H. J. : Effect
of ginsenoside Rb; on central cholinergic metabolism. Pha-
macology, 42, 223-229 (1991).

4.Kim, N. D, Han, B. H,, Lee, E. B. and Kang, J. Y.: Studies
on ginseng on antistress effects. Ko J. Pharmacog. 10, 61-
67 (1979).

5.Elma, Z. T, Ilian, E. Z. and Christina, 1. H. : Effect of gin-
senoside Rg; on insulin binding in mice liver and brain
membrane. Phyfotheraphy Res. 5, 46-48 (1991).

6. Joo, C. N.: The preventive effect on the saponin fraction of
Panax ginseng C.A. Meyer against ethanol intoxication of
rat liver. Proc. 4th Intl. Gingseng Symp. 63-74 (1984).

7. Kang, S. Y., Kim, S. H., Schini, V. B. and Kim, N. D. : Dietary
ginsenosides endothlium dependent relaxation in the tho-
racic arota of hydercholesterolemic rabbit. Ger Pharmac.
26, 483-487 (1995).

8. Hwang, W. L. and Oh, S. K. : Effects of petroleum extract of
ginseng root on some enzyme activity in human colon can-

I a3} &4 29

cer cell. Korean J. Ginseng Sci. 10, 27-35 (1996).

9. Han, B. H., Park, M. H., Han, Y. N. and Shin, C. S. : Studies
on the antioxidant components of Korean Ginserg (IV)
Antifatigue active components. Yakhak Hoeji. 28, 231-235
(1984).

10. Shin, J. Y.: New methods for separation and analysis of
saponins and fat-soluble non-saponin components n gin-
seng. Graduate School, Seoul Women's University. Seuoul.
(2000). ' '

11. Park, M. K., Park, J. H., Kim, K. H. and Han, S. B. : Aaalysis
of aromatic acids in Panax Ginseng by gas chromatography.
Yakhak Hoeji. 38, 389-393 (1994).

12. Jung, M. Y,, Jeon, B. S. and Bock, J. Y. : Free, esterified, and
insoluble-bound phenolic acids in white and red Korean gin-
seng (Panax ginseng C.A. Meyer). Food Chemistry. 79. 105-
111 (2002).

13. Wee, J. J., Heo, J. N. and Kim, M. W, : Analysis of phenolic
components in Korean red ginseng by GC/MS. Korean J.
Ginseng Sci. 20, 284-290 (1996).

14. Yang, H. S. : In vitro evaluation of the cytotoxicity of ferulic
acid and vitamin A. The Korean Journal of oval anatory. 27.
1-10 (2003).

15. Cho, J. C.: In vitro evaluation of the cytotoxicity of gallic
acid and vitamin A. The Korean Journal of oval anatorny. 27.
83-92 (2003).

16. Chun, J. W.: Study on the cytotoxic evaluation of benzoic
acid. Graduate School, Wonkwang University. Tksan. (2003).

17. Choi, D. S., Kim, Y. K,, Park, S. H., Kim, S. J., Choi. KM.
and Choi, J. S.: Effects of red ginseng on the lipid per-
oxidation of erythrocyte and antioxidant superoxice dis-
mutase (SOD) activity in NIDDM patients. J Ginseing
Korea. 21, 153-159 (1997).

18. Choi, J. H., Lee, K. M., Kim, C. B. and Kim, H. J.: The
effects of red-ginseng intaking on free radical produced dur-
ing aerobic exercise in the elderly. The 7th. Fall Congzess. ].
Kor. Exercise Nutrition. 21-40 (1999).

19. Han, K., Shin, I. C., Choi, K. J., Yun, Y. B, Hong, J. T. and Oh,
K. W.: Korea red ginseng water extract increases nitric
oxide concentrations in exhaled breath. Nitric oxidge. 12,
159-162 (2005).

20. Sung, J. H,, Jeon, B. H. and Chang, C. C.: Effect of white
and red Panax ginseng extract on serum lipids level i high-
fat-diet fed rats. /. Ginseng Res. 28, 33-38 (2004).

21. Zhang, D., Yasuda, T, Yu, Y., Zheng, P, Kawabata, T,, Ma, Y.
and Okada, S. : Ginseng extract scavenges hydroxyl radical
and protects unsaturated fatty acids from decomposition
caused by iron-mediated lipid peroxidation. Free Radical
Biology & Medicine. 20, 145-150 (1996).

22.Lee, S. E., Lee, S. W, Bang, J. K., Yu, Y. J. and Seong, N. S.



30 A% - DAY - FAE - ANE - 019 - AR - el - S

: Antioxidant activities of leaf, stem and root of Panax gin-
seng C.A. Meyer. Korean J. Medicinal Crop. Sci. 12, 237-242
(2004).

23. Krygier, K., Sosulski, E and Lawrence, H. : Free, esterified
and insoluble-bound phenolic acids. 1. Extract and purifi-
cation procedure. J. Agric. Food Chem. 30, 330-334 (1982).

24. AOAC. : Offical methods of analysis. 15th ed. Association of
official analytical chemists. Washington DC. Cd 8-35 (1990).

25. Blosis, M. S. : Antioxidant determination by the use of a sta-
ble free radical. Nature. 181, 1199-1200 (1958).

26. van den Berg, R., Haenen, G. R., van den Berg, H. and Bast,
A.: Applicability of an improved Trolox equivalent anti-
oxidant capacity (TEAC) assay for evaluation of antioxidant
capacity measurements of mixtures. Food Chem. 66, 511-
517 (1999).

27. Marlund, S. and Marklund, G. : Involvement of the super-
oxide anion radical in the autoxidation of pyrogallol and a
convenient assay for superoxide dismutase. Euz. J. Biochem.
47, 469-474 (1974).

28. Chung, S. K., Osawa, T. and Kawakishi, S. : Hydroxyl rad-
ical-scavenging effect of spice and scavenger from brown
mustard (Brassica nigra). Biosci. Biotech, Biochem. 61, 118-
123 (1997).

29. Lee, ]. H. and Lee, S. R.: Anaylsis of phenolic substances,
content in Korean plant food. Korean J. Food Sci. Technol.
26, 310-316 (1994).

30. Veliogly, Y. S., Mazza, G., Gao, L. and Oomah, B. D. : Anti-
oxidant activity and total phenolics in selected fruits, veg-
etables, and grain products. Journal of Agricultural and Food
Chemistry. 46, 4113-4117 (1998). :

31. Park, M. K,, Park, J. H., Kim, K. H., Han, S. B. and Han, B.
H.: Analysis of aromatic acids in Panax Ginseng by gas
chromatography. Yakhak Hoeji. 38, 389-393 (1994).

32. Han, B.H. : Studies on the antioxidant components of Korea
ginseng. Proc. 2nd Intl Ginseng Symp. Korea Ginseng
Research Institute. Seoul, Korea. 13-17 (1978).

33. Han, B. H., Park, M. H., Woo, L. K., Woo, W. S. and Han, Y.
N.: Studies on the antioxidant components of Korea gin-
seng. J. Korean Biochem. 12, 33-40 (1979).

- A9 RERREE

34. Wee, ]. ]., Park, J. D., Kim, M. W. and Lee, H. J. : Isolation
of phenolic antioxidant components from Panax ginseng. J.
Korean Agric. Chem. Soc. 32. 44-49 (1989).

35. Wee, . J., Park, J. D., Kim, M. W. and Lee, H. J.: Iden-
tification of phenolic antioxidant components isolated from
Panax ginseng. J. Korean Agric. Chem. Soc. 32. 50-56
(1989).

36. Huang, M. T., Smar, R. C., Wang, C. O. and Conney, A. H.:
Inhibitory effect of carcumin, chlorogenic acid, caffeic acid
and ferulic acid on tumor promotion in mouse skin by 12--
tertradecanoyl phorbol-13-acetate. Cancer Res. 48. 5941-
5946 (1988).

37. Chinthalapally, V. R., Dhimant, D., Blpin, K., Shantu, A. and
Bandara, S. R.: Effect of caffeic acid ester on carcinogen
induced mutagenicity and human colon adenocarcinoma cell
growth. Chem, Biol. Int. 84, 277-290 (1992).

38. Baek, S. H., Lee, H., Pae, H. 0., Kj, Y. O., Kwak, J. S., Yoo,
H. G. and Han, D. S.: Development of antitioxic agents
from Korean medicinal plants. Part 5. Antioxic effects of
binding of caffeic acid and cadmium on cultured rat neu-
roglial cells. Korean J. Toxicol. 11, 241-246 (1995).

39. Park, CJ., Ha, J.O. and Park, K.Y. : Antimutagenic effect of
flavonoids isolated from Oenanthe Javanica. J. Korean. Soc.
Food Sci. Nutr. 25. 588-592 (1996).

40. Zhou, K., Yin, J. J. and Yu, L.: ESR determination of the
reactions between selected phenolic acids and free radicals
or transition metals. Food Chemistry. 95. 46-457 (2006).

41. Gao, R, Yuan, Z., Zhao, Z. and Gao, X. : Mechanism of pyro-
gallol autoxidation and determination of superoxide dis-
mutase enzyme activity. Bioelectrochem. and Bioenerg. 45.
41-45 (1998).

42. Han, B. H., Park, M. H. and Han, Y. N. : Studies on the anti-
oxidant components of Korean Ginseng-(V); The mecha-
nism of antioxidant activity of maltol and phenolic acid.
Korean Biochem. J. 18, 337-340 (1985).

43. Lee, H. O. and Park, O. J.: Antioxidant effects of phenolic
acids and ginseng extract in aqueous system. Korean J. Food
Seci. Technol. 30, 434-438 (1998).



