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Optimization of formation of the ginsenoside Rgs in black ginseng
steamed with acetic acid solution
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Moz FEXst EA2| ginsenoside Rgs Lal X|X{35}
°o|71&*
serst vlo| 2 St
Abstract

This study aimed to obtain high quality black ginseng with a high content of the ginsenoside Rg; and melanoidins
and low benzopyrene content via nine steaming-drying cycles. The steaming-drying of ginseng was carried out
at low pH, and the heat treatment conditions were set to gradually decrease. The steaming-drying conditions were
evaluated using response surface methodology. The coefficients of determination (R®) of the models were 0.8926 -

0.9744 (p<0.05) for the dependent parameters. The response surface for the intensity of the brown color of the
black ginseng showed a maximum point at which the brown color intensity was 3.39 (OD at 420 nm) at a mean
steaming time of 155.25 min and a mean drying temperature of 57.56°C. The response surface for the ginsenoside
Rg; content of black ginseng showed a saddle point with a maximum ginsenoside Rg; content of 6.26 mg/g at
a mean steaming time of 177.72 min and a mean drying temperature of 65.46°C. However, the response surface
for the benzopyrene content of black ginseng showed a maximum point, with the lowest benzopyrene content of
0.22 pg/kg occurring at a mean steaming time of 60.97 min and a mean drying temperature of 56.42°C. The optimal
conditions were determined to be a mean steaming time of 175 min and at a mean drying temperature of 68C;
black ginseng manufactured using these conditions yielded a brown color intensity of 2.72 and a Rg; content of
6.20 mg/g, with a low benzopyrene content of 0.29 pg/kg.
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o] 9] ot Whe =0l vl gtk (Lee, 1997). 54 Al
2R & T3E 3o mE A 2 ginsenoside 32
WH3lE #asle] SE 31420) v]E|3}e] ginsenoside Rg; 7}
Z7FebH, A%y megh Sk Sleet vlg|ale] SvhshE A
2 424 JthNam &, 2012). TX 357} 0 S4k
Shke] Al shekS vl w et A3} ginsenoside 20(S)-Rgs
AR 3t 3u)) o] o ginsenoside 20(R)-Rg;
Tk gAtH T S4te] 38 = Bol ginsenoside Rgy7}
F3 7t SRS STk AS & AtHlo &,

N

(] r_>L

4 lo Jo
U o

oN R rlr

=
7B vF AThKim &, 2008).

Benzopyrene-> ¢}, 11 55 d 07w AHEAEA]
polycyclic aromatic hydrocarbons©] THKulkarmi®} Anderson,
1984). ©]2] g+ benzopyrene> AW 52l 2ol
= g om, Aa gEe oAy F7 1AV FAlskE A%
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Table 1. Central composite design of response surface analysis for steaming-drying conditions of black ginseng

Steaming-drying conditions

1;:\?3 Steaming mean time Total ranges of nine step Drying mean temp. Total ranges of nine step

(min)" steaming at 5 min intervals Ty steaming at 2°C intervals
1 150 (1) 170 - 130 70 (1) 78 - 62
2 150 (1) 170 - 130 50 (- 1) 58-42
3 9 (- 1) 110 -70 70 (1) 78 - 62
4 90 (- 1) 110-70 50 (- 1) 58-42
5 120 (0) 140 - 100 60 (0) 68 -52
6 120 (0) 140 - 100 60 (0) 68 - 52
7 60 (-2) 80 - 40 60 (0) 68 - 52
8 180 (2) 200 - 160 60 (0) 68 - 52
9 120 (0) 140 - 100 40 (-2) 48 -32
10 120 (0) 140 - 100 80 (2) 88-72

Steaming mean time is the average time of the increased time by changing the time to nine steps every five minute.
IDry mean temperature is the average temperature of the increased temperature by changing the temperature to nine steps at 2°C intervals.
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Jg)3 upA e 2 o' A 2 100°CellA 1307 E<F S}
T 62T oA 20713 Aoz Hap SAAZM 1A%
225 UFo] JPAAM ST EE Aot S Az
3tttk 2, 3, 4,5, 6,7, 8,9 2 1081 A]|R= Table 12
Z70] wel 2L oz 71 A7 A9 =L v
AzA At w2 ARE A W x2S st
sHHA SAHS Alxs T

S
E.
i
o|N
N
ofo
iy
fr

71 o] A& BFFEA(UVI60], Shimadzu, Kyoto, Japan)
& 20 nmell A FHEES 23 a9k

ol
o
£
N~

Ginsenoside Rgs &3

WA B4ko 2 2E ginsenosideS 80% ©]4e] ==
= AT 34 100 g A He F A]52] 200
(viw)ell 33 80% ethanol 2 LE- 3 7lske] 2A]17F <t
g Waste] F23 F AR st A A A=
= TEskth A A2 7H9HE 571 (Buchi Labor technik
AG, Flawil, Switzerland)S AHg-3lo] 60TollA Zts3A]
7 ethanol& A A & FFHTE H7lete] FE95 200
mL7} HEE St FE292 9428 7I(Micro 12,
Hanil Sci. Inc., Incheon, Korea) 10,000 rpm, 4 CollA] 20%
et A Este RN Bkl

Z2ke] 80% ethanol % © 2 5-E] ginsenoside2] 7 A
+ Kim?} Kang(2012)°] AH&-g+ Diaion HP-20 74 52
= ol&3te] FElsktt &, 54te] 80% ethanol &
200 mLS 045 mm ZE]E o33+ & Diaion HP-20
column(2.5%50 cm, particle size 250 - 850 pm, wet volume
100 mL)ell F2AIZ L o] £ 3 L] 5759} 25% ethanol
2 gEeon, HFH 0z 3 L 95% cthanol 2 &-Z3}
AT} 95% ethanol &2 A EE71E A8l 60T
o ] 713} FEAIA ethanolS A A3 & 52 743%31
ginsenosideA| 52 A3}

Ginsenoside Rg; #2412 HPLC-ELSDE ©|-&-3}o] A4
SIATE Al BE 02%9] =57 52 methanolS & 7}t
%, 02 mLE A3 3 0.1% internal standard(IS, Digoxin,
Sigma, USA) 0.1 mL9} Z3st] 045 mm FE = o] st
A}-8-3191 T} HPLC-ELSD+ ELSD detector(Polymer Labo-
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ratories, PL-ELS 2100, Austin, TX, USA)7} -2 Dionex
HPLC(Ultimate 3000, Sunnyvale, CA, USA)S A&} T}
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o} 2 2= 35CE 74819 1, flow rate= 1 mL/min
O 2 A8 10 A FY3A Tk Gradient 22712 0 - 203
ZoF BEu S 30%01 4] 40%=, 20 - 458 <t 40%°l] A
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4t 59 benzo(w)pyrene EHg A 2] F O] FEAA
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sto] B3It AR 5 g5 S/ 20 mLo 1A]3F
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. =% hexaneT & AU EFH7E ol &3] w53 &
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mmx0.25 um, Agilent)E AHE-3F%1 31, split modeol| 4] split
ratio= 5 : 12 3tk QB0 212 7] 50ToA 133t
FAIBIRAAL, £ 10TH ASAAA 310T7H] &9 F
15% 213+ Injector porte] &%= 300CE AHE-5%
o, 7|57|A& helium’}A~5 AF&-31SIT
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ool e Bkl Sa3 £ eaw A9 52
AS w3 glojof gt 2Rk XA oA AHS FEst
al

3L FRE SEAME H o 2RA 2] melanoidin©] I
= .

21e}h Hof &-8-3) HA] B

ogl &

T
= ] =2

o g

= 23 100CoAA ] SA FdAIZe Az Fazte
il

o] zto] 2 YeRH I tHTable 2). ©] = 3]|AEA3 A3}
ZA o gk BElalo] RAE 09742 1% o] fol5F
AA Felide] AT} (data not shown).

Y, = -22.246033+0.134560X,+0.527896 X,
- 0.000192X,% - 0.002828X,% - 0.001304X,X,

Fake] Sxe whE F4ke] 2 == 10T 9] SAt
FoAzte] S7RAY, S & Az Haewrt St
F5 F7tete AEE JEATHFig 2). o1A& $A
e Az Foll Ao B3R Awo] o] Fojx 1
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2] A} ol = 2GS Bad 5 AATkFg 1). ©l2)
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Table 2. Experimental data on brown color intensity, ginsenoside Rg; and benzopyrene of black ginseng under different conditions based

on central composite design for response surface analysis

Exp. Brown color intensity Ginsenoside Rgs Benzopyrene
No. (OD at 420 nm) (mg/g) (ng’kg)
1 2.8763" 5.60 0.453
2 29773 4.57 0.427
3 3.1803 2.25 0.434
4 1.7170 2.07 0.349
5 3.3810 2.52 0.537
6 3.3333 2.49 0.506
7 1.9206 1.01 0.253
8 3.3070 5.56 0.255
9 1.5490 1.68 0.475
10 2.7960 272 0.524

YData were expressed as mean of triplicate determinations.
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Fig. 1. HPLC chromatogram of ginsenoside Rg; for sample 1 on
central composite design for response surface analysis.

Sample 1 was experimental number 1 of Table 2.

i

Brown color intensity
&
",
\77

i pd —
e i\__74\ /A0 N

- - - p &
'1"‘[!&‘£_'_“—~—._.__/ e \_'2}
i L A=Y
140 L &
Steamin, g o &
9 Mean nme \(I'T_I,I-n)'l ._\\Qg
(‘)\

Fig. 2. Response surface for brown color intensity (OD at 420
nm) in black ginseng depending on steaming mean time (min) and
drying mean temperature (C).

EA 2 nlyo] AL o] 84 ZAHEA] JjFHos
Aot @ ArAdztel FASIA Y IRk o= pHrt
vom ZWnhg-2 Ax|Ew, o] W A 2
ZZ el = tiF-Ee] Zro] caramelizationol] ]3] dofut
3l FEo] A1 pH7} =2 A Z A= Maillard ®E-S-<|
o3l doldth(Lee, 1997).

TETE AFQ SA A AR HFesrt &
Aol n)x|E JES dolH 1z} 3] AEAS Bl FikS
T8 ¥ AN Table 3), SAF HTAI Ax JH2=
Z¥7} 2637, 37012 25 Fo]4do] QI H F ¥4 BF
ko]l AAwo AA PGS v E Ao Yo,
100ClA A BHEAROE A2 Hiteert o 93
< "X = Aoz YEyth PSR S4te] A ko
et TAEA Aa) vkeEd deE HdS Yl

Table 3. Analysis of variables for regression model of dependent
variables on steaming-drying conditions for the nine times
steaming-drying cycles of black ginseng

F-value
Regression models Steaming Drying mean
mean time temperature
Brown color intensity 2637 37017
Ginsenoside Rg; 9.90" 0.75
Benzopyrene 18.24™ 1.20

"Significant at 10% level, ~Significant at 5% level, ™ Significant
at 1% level.
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24ke] thEA Q1 AbEd AJE< ginsenoside Rgy= S
BrE S7H7IA S7ekE Ao ® dEA Utk Nam &,
2012). AEAQ] A4 7l FETEE & B F
ginsenoside Rgs7} A& o2 Z71ed 4= loy Azl
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S AAst Al 8131

Site] 3ol uhE ginsenoside Rgye] WstE #H23|
2 Ay, SAEEAEY 1 A8 ginsenoside Rgs2l
HPLC chromatogram= 1% 13} 222, 100TC|A el SA}
A} Az Hie o] Wl wE ginsenoside Rg;
o] Mgl= 1.68 - 5.60 mg/ge] 2ol E YERNATHTable 2).
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%l TH(data not shown).
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Fig. 3. Response surface for ginsenoside Rg; (mg/g) in black
ginseng depending on steaming mean time (min) and drying mean
temperature (C).
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Fig. 4. Response surface for benzopyrene (ug/kg) in black ginseng
depending on steaming mean time (min) and drying mean
temperature (C).
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Fig. 5. Superimposed contour map of optimized condition for

brown color intensity, ginsenoside Rg; and benzopyrene of the

black ginseng as a function of steaming mean time and drying
mean temperature.
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