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Effect of aeration process on changes of prosapogenin content
and antioxidant activity of red ginseng powder extract

Hee-Jeong Ryu', Chul-Jong Jung', Jeong-Gyun Seo', Xian Li', Yeong-Eun Yu', and Gyung-Yun Beik"*
'Department of Okchundang Research institute

Abstract The effect of aeration process in causing changes in the prosapogenin content and the antioxidant activity of
red ginseng powder extracts was investigated. With respect to the color change of the extracts, the L-value and b-value
decreased significantly with the lapse of extraction time both with and without the aeration process. The a-value increased
with the lapse of the extraction time in the non-aeration process but decreased in the aeration process. This result suggests
that when the aeration process was performed, the lightness, yellowness, and redness decreased with the lapse of the
extraction time, resulting in a darker color. The total polyphenolic and total flavonoid contents were the highest at 0.84
and 0.96 mg Gallic Acid Equivalent (GAE)/mL, 21.77 and 21.93 mg GAE/mL at 24 h and 36 h, respectively for the
aerated red ginseng powder extracts. The DPPH, ABTS, H,0, scavenging activity, and reducing power were measured to
confirm the antioxidant effects of red ginseng powder extracts after the aeration process. Thus, the antioxidant activity was
increased in the aerated red ginseng powder extracts. In addition, when comparing the contents of Rbl, Rgl, and Rg3,
the content of Rg3 was significantly different, and it was confirmed that a large amount was produced in the aerated red
ginseng extracts. These results indicate that the red ginseng extracts subjected to the aeration process are superior than the

ones processed by the non-aeration process.
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Aeration 378 A7} SAEL FEES 22

oMe L2AZRE Qi vstEs Aert Al A A
< AAW HE3EY A% ke @8] AAS 7 B S
the EAdo] A71E2 AdtkIn 5 2006; Kwon, 2006). 73414
2 ginsenoside &S ASAZ F U= HHOE 0FS ©
gt ¥ (Jeong 5, 2012), Folut ¢HF 22 EElFd W
(Kwon &, 20017 &4E o]&gh AsekAQl W (Hasegawa &,
1996; Hasegawa 5, 1997) 5ol <JalX] &% prosapogenin |4
7h AA AEE L A7l sht A AR Aot B Al
~] 483t aeration process= AFAe] 4Fs}ES o]8-3}ed prosapo-
genin®] FE FANTIE A& BHOE sglon 5ol A
Hste 24k AFS NSl prosapogenin $HEe] Wskel &
BAES S9sta akste el digh ARdde Hrlektt

3
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B Ao AHE FARTEAD)S G 245 JlE
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7147 E Sigma-Aldrich (Sigma-Aldrich Co., St. Louis, MO,
USA)ZHE] F9Jste] AREatAaL kst A AMHE EF
%2 L-ascorbic acid (Bio Basic Inc., Ontario, Canada)®} gallic
acid (Sigma-Aldrich Co.)& ©]-&3}%12H, high performance liquid
chromatography (Alliance 2695, Waters Co., Milford, MA,
USA) #4S 93 ginsenoside Al 2F2 ginsenoside Rgl
(99.55%, biopurify phytochemicals Ltd., Chengdu, China), ginse-
noside Rbl (99.26%), ginsenoside Rg3 (99.87%)°]™, acetonitrile
7} methanol (J.TBaker Philipsburg, NJ, USA}> HPLCEF2Z A}
&3tk

00g T 15 MEFEwWN SFTE 7t &
A8 FRYAFE2AXE ARSI, SR

O Vo T

do] FFEH= HEHA, 7IH83lFE 7]
Zehuag FASPeH, Ax 70-90% (viv) ETEHE 7
Sk vM7| 25 2-5 Bar YHOE BEAAA FFSIATH
=2

72} A7 B4 2 ARsgon, ArE Wae 5 A
Ao BN P 5 B AREH) AT,

MRREA

SAHET 29 A WstE AFRI] fJste] AAA|(CR200,
Konica minolta Co., Tokyo, Japan)Z 2% 3} Hunter system2]
WS YeRE L (lightness) 7, A8Ee] ALS YehlE a
(redness) #t, e A=E YeEPE= b (vellowness) 722
ERYISATHHong# Oh, 1996). o]} AM&-gF FFM - 1=90.35,
a=0.4, b=3.5%1t}. M= AE #o= 3Hbste] JepfiSith BE
AlEE 53] o] whE AL AE 2 T Ao =FE A
Z 3 th(Jeong® Sim, 2006).

AE=A(AL)? + (Aa)* + (Ab)
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310, 12, 24, 36A17F &<t aeration ¥ AL T FE
< SFF g4 F, g AES 60 A 96 well-plateol] -
31t 26l 8493 Folin-Ciocalteu reagent 60 uL2 371k 3
E7F W28 3 10% sodium carbonate 60 uLg €3l 1A]7F Wk
A17 microplate spectro photometer (EnSpire 2300, Perkin Elmer
Co., Waltham, MA, USA)E AME3l 700 nmollA] 38 24
st & ZElH xol= RS Nieva Moreno 5(2000)2]
o W} AFEE 80% ethanolS ©]&3ted 54 F 100 uLE 80%
ethanol 860 uL7} ©%1 micro-tubeol] 37Fsted EEsIATE. thaoll
10% aluminium nitrate®} 1M potassium acetate 20 uL 2 FF3}
o] 22ox 402 WXBIYL 96 well-platec] 200 uLS E3
microplate spectrophotometers ©|-8-3td 415 nmollA] FE=E
ATk T 7R AN L gillic acid®2 X5 A% I4S 7+
3l F EEHE 2 F FotRkolE TS TSI

Ay o

o,

DPPH 2iC|g AHEd &3

DPPH tZ AL Ham 50152 WS W5
DPPHel| tf3dh #d=ze =43 ASZ A|&E 200 uLE micro-
tubeol] &5 ¥ methanolo] =<1 02mM DPPH &< 800 uLE
ABE7F H7HE tubedl] WL Ao 1087F WAL o] F 96
well-plate®l] 100 uL. ¥5-3}3Z microplate spectrophotometerS- ©]-&-
gt 517 nmellA] SRR S8t oln AVwE % &
ANZFOZE= 1% L-ascorbic acidE ARSI T

DPPH radical scavenging activity (%)
={1—(sample absorbance/control absorbance)}x100

ABTS 2iC|Z AMEd &3

ABTS (2,2"-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) 2}
Uz 2AEA 42 Dudonne 5(2009)2] WS Wysle =
Atk HF F=7F 7TmMS] ABTS®} 140 mM potassium per-
sulfates 747 3¢ & A2 oA 12-16A7F Bt WA
st FoZE FAAZ T ABTS 899 v AMs] AAd
o 734 nmollA FB= Fhel 0.70+£0.027F H=S 50% EtOHZ 3
A&t 34" ABTSE 100 pLol]l AlE 100 pLE 7}sted 7
B oFo Aeo] WA T 734mmolN FHEE S o
o AU ZE 93 FHWZTOE 1% L-ascorbic acidES AHE:

&I,

ABTS radical scavenging activity (%)
={1-(sample absorbance/control absorbance)}x100

Hydrogen peroxide (H,0,) &7{&M =X

H,0, 27184 33& Yu 5(017)2] Wil wel S/l &
=2 3% Al 20uL, PBS 100 puL, I mM H,0, 20 uLE
96 well platedll 71t 3 37°C incubatorol]A] 5%-7F WAL, ©]
% 125mM ABTS 30 uL$} 1 UnitmL peroxidase 30 pLE 7)1}
3L 37°ColA 1037+ WEg-A1Z] §, microplate spectrophotometers
o] &3] 405 nmelX FEEE SH3IGT oW U RE ¢
Sk YAAUNZETOZ 1% L-ascorbic acidE AHE-3SISI T

Hydrogen peroxide scavenging activity (%)
={1-(sample absorbance/control absorbance)}x100
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Table 1. Operating condition of HPLC for ginsenosides analysis

Parameter Condition
Column SunFire C,; column (4.6x250 mm, 5 pum)
Time (min)  Water (%) Acetonitrile (%)
0 80 20
5 80 20
20 78 22
30 72 28
Mobile phase 32 68 32
45 68 32
50 50 50
60 50 50
65 80 20
75 80 20
Column flow rate 1.0 mL/min
Injection volume 10 uL

Column temperature  25°C
UV wavelength 203 nm

A& 1mLe| 200mM sodium phosphate buffer (pH 6.6) 250
uL, 1% potassium ferriccyanide 250 uL2 2kzh E§-ske] 50°Cel
A 208 < 9HEAIZl 3 10% trichloroacetic acid 250 pLg 7}
stAth 9 whS-AlS 3,000 pmellA] 104 5 YAEE|sle] A
Z8 500 Lol SF<F 500 pL, 1% ferric chloride 100 uL= 713}

93 wkgNe] FFE S 700 nmel A A3kl ol
AR E 9J5E FHNZTAOZ 1% L-ascorbic acidS ¢85t}

¢

e

TIMZAPIE =M B4

4 F29L 70% methanolE 34 3lo] membrane syringe
filter (DOUBLE 045 m, Chromdisc Co., Daegu, Korea)Z <13}
3193, 10l FY3ke] HPLCE #A15ksit). 240 ARg-g 2
#-2 SunFire C,; column (4.6x250 mm, 5um)°|A3L, BH 2%
£ 25°C, 32 1.0 mL/min®| At} o572 water®} acetonitrile
Z TS Fo] DAL UV detectors ©]-83F 203 nm

ol 4] ginsenoside Rgl, Rbl, Rg3E &3}l o,
o|E1A2]+= Empower 3 (Waters Co.) X E$o]
(Table 1).

EEERR
AFgskleh

e He

SHEN

A¥ A= SPSS 17.0 (Statistical Package for Social Sciences,
SPSS Inc., Chicago, IL, USA) softwareS ©]-&3}o] FAHEAS
Ao, Had T 2 (mean+SE)E UERNSITH T3 2
= 1+ 94 752 Duncan’s multiple range testZ p<0.05 5
FolA AT

Aeration X2|0f [}E S4t FZEHo| AMAHHS|

sbalEl A As) hald g Qx| "ol 5-E ol 7| 7ke] WS
o3 AAEE 2 EFo T AHEL melanoiding B3}
o 72 Hr), o]ge 2 B AEried E4L Hux
dHA o] aeration 2] FA WS T4 FEA] AFS F
Astal FF A7k w2 ksl g 28] gkge] HelE Il
3t2F 3k tHLee 5, 1999). Hunter’s value®l L, a ¥ b 32

Table 29} 7+ ZA3E At

Aeration 3785 AX EFHFEH] L2 FE2AIZ o] AT
o wa} 38.73+£0.02, 38.65+0.05, 35.14+£0.02, 34.02+0.090 2 59
Aoz 7AEA0H, byt 3 6.48+£0.02, 5.63+0.11, 2.62+0.02,
1.84+0.02% UERE O™ agh HgE 5AS Agoz FHATo
A2l wEba 2.42+0.02, 2.47£0.01, 1.86£0.02, 1.72+0.02°0. %
7ZaES 15

ool Hk3lod non-aeration®] FEHANA Lk FF Al7bo] A
HEFE 3848+0.03, 37.77+0.19, 37.17+0.03, 36.30+0.020.= 7F
28k 0 H, bk TS 7.18+0.04, 6.31+0.03, 5.94+0.09, 5.61+0.02
o7 foldom 7hasldon) gk 93]8 2.10+0.04, 2.75+0.01,
3.07£0.02, 3.04£0.0102 Z7}8S & 2= QIth E3] aeration
4 36A7 SAFENNA HEe) FATT} 7PY e Aeg
A T3 FAEE el = agke] %%, non-aeration *]
=l FFgAITke] Al wel A7) Zod O, aeration
S AR FEAL FoHor e e 1B ojef e

OE o
oL {
"

Table 2. Hunter’s color value of red ginseng powder extracts processed with aeration

Treatment Time Hunter’s color values Color difference
(h) LD 22 ) (AE)”
10 38.48+0.03 2.10+0.04¢ 7.18+£0.04* 51.97+0.03"
Non-aeration 12 37.77+0.19¢ 2.75+0.01° 6.31+£0.03° 52.71£0.19¢
extracts” 24 37.17+0.03¢ 3.07+0.02* 5.94+0.09¢ 53.27+0.01¢
36 36.30+0.02° 3.04+0.01* 5.61£0.02° 54.16+0.03¢
10 38.73+0.02° 2.42+0.02¢ 6.48+0.02° 51.75+0.02#
Aeration 12 38.65+0.05° 2.47+0.01¢ 5.63+0.11¢ 51.80+0.05%
extracts® 24 35.1420.02" 1.86+0.02" 2.62+0.02" 55.24+0.02°
36 34.02+0.09¢ 1.72+0.02# 1.84+0.02¢ 56.32+0.08°

"Degree of whiteness (white +100 < 0 black)
*Degree of redness (red +100 < -80 green)
Degree of yellowness (yellow +70 < -80 blue)

“Each value'is mean+SE (n>3) and different superscripts (a-g) in the same column are significantly different at p<0.05 by Duncan's multiple range

test
“Red ginseng extracts processed with aeration
®Red ginseng extracts processed without aeration

DAE=AJ(AL)> + (Aa)’ + (Ab)
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Table 3. Total polyphenol and total flavonoid contents of red
ginseng powder extracts processed with aeration

Total phenolic compounds

Treatment  Time (h)  Total polyphenol ~ Total flavonoid
(mg GAEY/mL)  (mg GAE/mL)
10 0.62+0.03? 14.19+0.22¢
Non-aeration 12 0.67+0.03¢ 16.21+0.86"
extracts” 24 0.72+0.04 21.39+0.32°
36 0.79+0.05% 19.49+2.61%
10 0.62+0.01 17.44+0.30™
Aeration 12 0.70+0.03< 17.62+0.20%
extracts” 24 0.84:+0.02° 21.77+£1.32°
36 0.96+0.03* 21.93+0.50*

Gallic acid equivalent

JEach value is meantSE (n>3) and different superscripts (a-d) in the
same column are significantly different at p<0.05 by Duncan’s multiple
range test

“Red ginseng powder extracts processed with aeration

“Red ginseng powder extracts processed without aeration

A= aeration 34 A7k 7t mE} FAFEA
£ Zojgt & & Utk Kim 5(2009)2] A7l tﬂr_ 2k A
& A A% A2 A g Faurk o) Asict
Bastgith ol 4 Aelel & F4tel shulest wel
O AR Lee 5(1999)2] Ao es Sitesdogr

28 Z2WEol st B4E Yeite nuald. o
B Ao Yehdes Axbe] HM3lo| % aeration 3 &
o 918 shkgo] Aol F4F Huel obvlwils

71—/\“5]. H]—%o] 1:1 ]ﬁﬂlﬂoﬂ /\HEﬂo] 1:{ 110];5_] Al

= 1 N

A

o P @ 30 R W
IOOErz

—El—E_._OI HE

,] q]_quo] 2]} EH/\]'}\}EE A]‘jﬁ]oﬂ =)
phenohc hydroxyl (-OH) 235 wj&ol] whala,
1E‘r ARt Agshs ddS 7HAAL 3l
, —o]'/x\_:‘_ﬂ', slol o 3} A 27] a3 5 thokst Aeed s
22 4EA dohPak &, 2003; Kim 5, 2005b)
R mE THEY 330 sEy YR
% EHE o= i HIlE ERISHtH(Table 3).

D
=4
Aeration 8]

3 ZelslEs

mlm

rlr

I 579
% ZZ9E ¥l EZTA non-aeration SAHET FEALS
ZFZA1700] W} 0.62, 067, 0.72, 0.79 mg GAE/MLE JeERstom™
aeration 58S AZ AT FE2A9L 0.62, 0.70, 0.84, 0.96 mg
GAE/MLE Agr|7del| we} fejdes a4 Frlete A4S &
21315 ‘3} Kim §(2016)¢] 1+ Ao wE=r Z4ke] 239

Z9] A% & ZgdE o] 89.09 mg/100 g0 8 Wil %
3 FZHT} 36717 aeration T8-S AZ SAHEE FEI9 F
e o] 22 AS ¢ F Ut F EgEEolE §E
2 non-aeration3} aeration FZ Z}zZ} 14.19-21.39 % 17.44-
2193 mg GAE/mLeZ YUERTE 221} non-aeration 3782 7
3 FEEAME FBAIL wHA {40 F7HE ot
36717 ol Felle felEow skl ol Kim 5(2005a)°]
Al zo] FEAIZ| w2 EEfHicol= Epe] WHsle] A
ot A 7F o] FA 7MY =2 S B, SAFEde] F
SN w2 EFEpR o= $here] Walels e AEE B
t}. Cho 5(2018), Kim 52013y A 7lris)el 2&79te]
A, 7R Aol o8 & EEdes ¢ & EE}E“
o] o] IRt Bt ol & s &
gtE ot TEFe] WSl ARt HEd s9E ¢ ‘?l’ﬂ[‘éloﬂ
At e sigEe] FHE At 2 Foll ofdl 7Rl E o]

ATzl HeEd steeE A8E] fEos e

e dlo —N

&

_rUR

l

TMAOIE B

Aeration 30l ME Z4HHET FE2H9] M zAlol= e W
ol5 HA3517] -‘Hﬁﬁ aeration 532 10, 12, 24, 36A|7F B2t A
23 AR FE NI gerations A2]SHA] &2 non-aeration I

Zdoz ]’]'TO'] aeration 2] 5 E g At wE A3}
= Y| TH(Table 4).

ko]l X EAJEC Rgl, Rbl, Rg3E EAEUS o), 3= A
Z¥o] Z#gto| wet non-aerationl A Rgl2 185.51, 177.49, 4.94
pg/mL, aeration 2]l E 131.40, 101.35, 3.98 ug/mLo2 1}
Eftom, 36A17 FE3 S/HEY FEHA= Rglo]l AEol
=x] ekskrl, T3k Rb12] &3S non-aerationol| A 710.47, 736.51,
84.58, 12.08 ug/mL, aeration *Z]7-= 63235, 549.51, 74.44,
8.47 ug/mLZE FRI=|o] Rgld} RblS F= Al7to] Hojd ue}
ﬂ%l ZaEe S 4§ AT T SRR oY

72 R3] 7-9-91= non-aerationollA] 47.84, 81.36, 492.19, 526.38
pg/mL, aeration A oA 166.55, 219.71, 526.67, 581.13 pg/
mLE ¥} F7lehe 43S B4k Aeration 4L A3 &

Table 4. Ginsenoside composition of red ginseng powder extracts processed with aeration

Ginsenosides (pg/mL)
Treatment Time (h) Total
Rgl Rbl Rg3

10 185.51+1.272Y 710.47+£1.19° 47.84+0.27¢ 943.82+2.52"
Non-aeration 12 177.49+1.49° 736.51+0.20° 81.36+1.37" 995.36+0.93¢
extracts” 24 4.94+0.09° 84.58+0.64° 492.19+2.61° 581.71+3.45°
36 ND? 12.08+0.33¢ 526.38+3.63° 538.46+0.88"
10 131.4043.12°¢ 632.35+1.66° 166.55+2.17¢ 930.30+£3.57¢
Aeration 12 101.35¢1.41¢ 549.51+4.61¢ 219.71£1.38¢ 870.57+6.58¢
extracts” 24 3.98+0.20° 74.44+0.53" 526.67+2.06" 605.09+2.87¢
36 ND 8.47+0.39¢ 581.13+£2.42¢ 589.60+1.97

YEach value is meantSE (n>3) and different superscripts (a-g) in the same column are significantly different at p<0.05 by Duncan’s multiple range test

ND; Not detected
JRed ginseng extracts processed with aeration
“Red ginseng extracts processed without aeration
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Fig. 1. DPPH radical scavenging activities of the extracts from
red ginseng with aeration process. Each value is mean+SE (n>3)

and different superscripts (a,b) are significantly different at p<0.05
by Duncan’s multiple range test.

A FEHoZHE dojRl M xAte| =9 S-S non-aerationZ
vl P& o Re3ollA] @A 2fo|7}F v, 53] A&A; XM=
ARel= R3] o] aeration FFoNA A T4 FEN] non-
aeration H.C} %Elﬂoi To o] A= AL N 4
AR 9 AFHEL Kong 5(2009)2] 2F Azl €3k Fake] R
AxApo|= Tﬂak “4351'9} ARG AEe BAT ol#d dde
g Aol e AR FAmAjel=rt oA SEH f71A
o o8 C-2091%1¢] glucoside A¥e] 71 FHA prosapo—
genin FE|2] A =ALO]E Re32 FRZS0] 7] wfEQd
o2 AFHEHKim 5, 1998). =3 Wei 5(2012)<] glnsen051de
Rg37t 2sld 2EHAE AT 52 st S48 2=
e B9} 7] aeration 34 Ed A& A FE9e] &
et iksl &2 Rgl3eh o] e Ao E JkEnh

DPPH 2lcizte] A7E
DPPH HZS o83t &A%Y
& aAshke sHEE 48 SHse o= Fitsl 52|
FaUAY AAE FHTE F U FEE UM o AMEEHE
HH o] th(Ancerewicz 5, 1998; Ham 5, 2015).
Aeratlon Aol ‘IJr— = ZZ"“*]' ’\\}-@Vﬂo] L-as

1), 10, 12, 24, 36/\] P Eo} non-aeration %’1‘} —7;“%‘3—].4?_ 80.50,
80.50, 82.00, 82.00% &2l HAC™ aeration THS AX T
Zde] )z L~A%o] 82.10, 81.90, 87.30, 87.10%= JERA]
t}. 53], 24, 36A)7F B9 aeration 3H S AX TAEEIL 1%
L-ascorbic acid 90.50%%} H]52g AASAHS H O™, aeration
A Alzke] F7FEFE gz AT B2 @48 RAth
ol & dlwA 3 AIolA 24, 36A]7F B<t aeration 3HS
Azl ZAFZEA 0] non-aeration &0l H|gte FolFo= T
ol =YW AT AR AE HolH, Jang 5(2016)°] HiL

o} 7o) W dtekw) gakE BT WO 7S Ame] 9leS
AN}
ABTS ZiC|Ze| 27{Ed

o2

ABTS #jtjz 2AZA & & 570l W= pH ®is}
o thAh WFsIA gvle A o] in vitroo|X FA3}eS
ZAsl7] 9%k Woe= gl o853 9t ABTS®} potassium
persulfate®] 24A17F WH-g-0 ZHE] AJJE ABTS ftide] dits)

ly

14
atn}
%0 ok

o

=2 E 388 %] A 51 WA 6 F (2019)
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Fig. 2. ABTS radical scavenging activities of the extracts from
red ginseng with aeration process. Each value is mean+SE (n>3)
and different superscripts (a-c) are significantly different at p<0.05
by Duncan’s multiple range test.

Ed o) AAEHEA ] Fe HFAo] FAog g
H= s o] &3 itksl g4 %;gq_ijo]\:]._
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Fig. 3. Hydrogen peroxide (H,0,) radical scavenging activities of
the extracts from red ginseng with aeration process. Each value is
mean+SE (n>3) and different superscripts (a-e) are significantly
different at p<0.05 by Duncan’s multiple range test.
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Fig. 4. Reducing power activities of the extracts from red ginseng
with aeration process. Each value is mean+SE (n>3) and different
superscripts (a-c) are significantly different at p<0.05 by Duncan’s
multiple range test.
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