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ABSTRACT

Background: The main useful components of ginseng are ginsenosides, acidic polysaccharides,
and proteins. The aim of this study was to increase the extraction efficiency of thease useful com-
ponents by changing the pH and homogenizing using a buffer solution.

Methods and Results: White ginseng powder (WGP) was first extracted with a 20 fold solution of
citric acid-phosphate buffer (pH 3.0, 3.5, 4.0, 4.5, and 5.0) and distilled water at 80°C for 5 hours
by stirring in 550 rpm, and then each extract was homogenized with speed (0 to 15,000 rpm) and
time (0 to 25 min). Total ginsenosides, acidic polysaccharide crude protein content and transmit-
tance of WGP extract homogenized (12,500 rpm, 15 min) at pH 4.0 - pH 4.5 were 1.07 mg/mé -
1.10 mg/mé, 0.85% - 0.87%, 0.96% - 0.99% and 36.53% - 40.21%, respectively, and were increased
due to pH control and homogenization treatment compared to the untreated (distilled water
extraction and no homogenization). The antioxidant activity such as 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
radical scavenging activity, and ferric reducing/antioxidant power (FRAP) assay of the homoge-
nized (12,500 rpm, 15 min) extract in the pH 4.0 - pH 4.5 was also increased compared to the
untreated.

Conclusions: As a result, the extraction efficiency of useful components in White ginseng was
simultaneously enhanced due to pH adjustment and homogenization treatment along with an
increase in antioxidant activity.

Key Words: White Ginseng, pH, Homogenization, Ginsenosides, Acidic Polysaccharides, Protein
Content, Antioxidant Activity
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Table 1. Color and transmittance of White ginseng extracts treated under different pH conditions.

Transmittance

Extract L a b dL da db dE (%, at 660 nm)
DW"  97.80+0.41* -0.93+0.04  7.05+0.09° - - - - 98.12+0.68°
3.0 90.24%1.52° -0.41%£0.02° 13.15+0.14° -7.56=0.54 0.52+0.01  6.10+0.31  9.73+0.28 84.47+0.57°

3.5 86.05+0.97° 0.04=0.01° 17.16=0.22" -11.75+=0.47 0.97+0.02 10.11+0.37 15.53+0.24 77.87+0.41¢

pH? 4.0 7541+0.88! 1.79+0.17° 28.07+1.04* -22.39+0.75 2.72+0.27 21.01+0.85 30.83+0.96 62.72+0.89°
45 93.99%0.22" -0.67+0.01° 11.21+0.12°Y -3.81+£0.31 0.26+0.02  4.16+0.28  5.64+0.21 91.78+0.57"

50 96.14%0.47° -0.42%0.02° 9.92+0.09 -3.22+0.24 0.19+£0.01  3.58+0.25  3.62+0.18 95.65+0.51%

DW; Stirrer (550 rpm) extraction with added 20 fold of distilled water per one gram of dried White ginseng powder extracted for 5 hours at 80
C. ?pH; Stirrer (550 rpm) extraction with added 20 fold of 0.01 M citric acid- phosphate buffer from pH 3.0 to pH 5.0 for 5 hours at 80TC.

Means value = SD from triplicate separated experiments are shown (n = 3).

"Means within a row followed by different letters indicate a

significant difference by Duncan’s Multiple Range Test (DMRT) (p < 0.05).
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Fig. 1. Color and turbidity of White ginseng extracts treated under different pH conditions. (A); Stirrer (550 rpm) extraction with
added 20 fold of distilled water (DW) and 0.01 M citric acid-phosphate buffer from pH 3.0 to pH 5.0 for 5 hours at 80C. (B);
Extracts before and after homogenization treatment to White ginseng extracts under different pH conditions. "H; homogenized
for 15 min at 12,500 rpm. ?None-H; not homogenized.

A} & 79 pH -] $28 Zog AetEh
2. pH Aol W= Wik FEI9| SAIEY, Ao U

ZeChlsl Stet

ME T2 pHE 7HAE buffers ol&sle] A|%3 13 &
NE gfoz AlrdS 29k ARuigA] 2 o) g
FS AT A T AAAte| =3RS pH 4.50014, ATk
A TS pH 4.0 - pH 4.5004, il ke pH 4.00
A 7P B ERE 2o 7zt 20 B SS9 1.068 mg/ml,
0.81% 2 0.84%% FHrotal JeS HAFUTH (Fig. 2).

a =
ol YuHOR FREE FEE 499 Mad

=

A =

M Atol=, Abga] 2 b ghgko] Zhzb 1.00 mg/md,
0.75% = 0.70%5Tt A F= B F dglen Awrt

=)o

==
7V S FEF pH 309049) FEAAME 3 B f1
B EF b e F2ES BelTIth B9 AmY F39
wol NgHT Y 74 F5L thEs] skl 50% 73

R

FES P2 2R FE v A3 AlEdE 1125
+ 0.004 mg/ml, AFATHEA= 0201 + 0.014% B g o
0.409 + 0.024%°] &FS 2t

ZF Aol = e SR B pH 2ol og &R
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(%) and crude protein content (%)

Total ginsenoside {mg/ml, acidic polysaccharide

Control

pH

BT-G APS GCcpP

Fig. 2. Total ginsenoside, acidic polysaccharide and crude pro-
tein content of White ginseng extracts under different
pH conditions. Stirrer (550 rpm) extraction with added
20 fold of distilled water (DW) and 0.01 M citric acid-
phosphate buffer from pH 3.0 to pH 5.0 for 5 hours at 80
C. Control; extracted with 50% ethanol at same con-
dition. T - G; total ginsenoside content, ASP; acidic poly-
saccharide content, CP; crude protein content of extracts
extracted by 20 times, respectively. Each value presents
the means = SD (n = 3), ‘Means within a row ch)llowed
by the different letters indicate a significant difference by
Duncan’s Multiple Range Test (DMRT) (p < 0.05).
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Fig. 3. Total (?insenoside, acidic polysaccharide, crude protein content (A) and transmittance (B) of White ginseng extract
according to the homogenization speed. DW, pH 4.0 and pH 4.5 were extracted by stirrer (550 rpm) with added 20 fold of
distilled water and 0.07 M citric acid-phosphate buffer pH 4.0 and pH 4.5 before homogenization. T - G; total ginsenoside
content (mg/mf), ASP; acidic polysaccharide content (%), CP; crude protein content of extracts extracted by 20 times (%), TM;
Transmittance at 660 nm (%). Mean value = SD from triplicate separated experiments are shown (n = 3). "Means within a row
followed by different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT) (p < 0.05).
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Table 2. Pearson's correlation coefficients among physicochemical
properties in White ginseng extract according to the
homogenization speed.

DW HS" T-G?  APSY cpY ™’
(rpm)  (mg/md) (%) (%) (%)
HS (rpm) 1.00
T-G (mg/ml)  0.97°  1.00
APS (%) 094" 096"  1.00
CP (%) 0967 098" 099" 1.00
™ (%) 0977 095" -0.88  -0.90" 1.00
HS -G APS cP ™
PHA0  (om) e h) (%) (%)
HS (rpm) 1.00
T-G (mgmé)  0.78" 1.00
APS (%) 0.79" 0.947  1.00
CP (%) 0.61 0.54 0.56 1.00
™ (%) -0.95" -0.80° -0907 -0.65 1.00
HS T-G APS CP ™
PHAS  om)  mgmt) (%) (%) (%)
HS (rpm) 1.00
T-G (mg/ml)  0.59 1.00
APS (%) 0.86" 0.84" 1.00
CP (%) 097" 0.76 0.93"  1.00
™ (%) 094" 070" -0.82° -096" 1.00

PHS; Homogenization treatment by different speeds for 15 minutes
to stirrer (550 rpm) extraction with added 20 fold of distilled water
(DW) and 0.01 M citric acid-phosphate buffer pH 4.0 and pH 4.5. 2T
- G; total gmsen05|de content (mg/m). *ASP; acidic polysaccharide
content (%). ¥CP; crude protein content of extracts extracted by 20
times (%). *TM; Transmittance at 660 nm (%). Asterisks indicate
significant differences at 5% and 1% respectively by Pearson’s
correlation coefficient (p < 0.05 and “'p < 0.01).
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Eo| A9 FZEHoFE IRl (Fig. 4).
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Fig. 4. Total §insenoside, acidic polysaccharide, crude protein content (A) and transmittance (B) of White ginseng extract

according to the homogenization time. DW, pH 4.0 and pH 4.5 were extracted by stirrer (550 rpm) with added 20 fold of
distilled water and 0.01 M citric acid-phosphate buffer pH 4.0 and pH 4.5 before homogenization. T - G; total ginsenoside
content (mg/mé), ASP; acidic polysaccharide content (%), CP; crude protein content of extracts extracted (%), TM; Transmittance
at 660 nm (%). Mean value = SD from triplicate separated experiments are shown (n = 3). "Means within a row followed by

different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT) (p < 0.05).
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Table 3. Pearson's correlation coefficients among physicochemical
properties in White ginseng extract according to the
homogenization time.

M=

(e} S o) 2~
< I

T AUATH (Table 4).

[}
A

—————————————— 5 pH % T3} X200 A3 W FEB| B
DW om) mgmd) ) %) BufferS o83} pHEE Azg Wil 13} F599] 7
HT (min) 1.00 % pHe W3} glo] /TR FE3 FEAF H|aLsto,
TG (mgm) 090"  1.00 DPPH %! ABTS 2HlZ 50% #AA7IE H 875e Fel
APS (%) 084" 076" 1.00 Ak olsiz ghasie] Bl avidde] S7HE e A
e o0 0% om0 0L, T Sser FRAP B Sk ste SIslt 4
M0 _ HT 'T'G 'A’PS _ éP T Aslel #7435 £59F AIZF (12,500 rpm, 15 min)S 283}
- M - s =y = =
= Ao 0] [e2] =2 == ZZolo| A = ]
PHAO mim) ) ) %) %) s pHO] %‘%Qf] ;;Tizﬁﬂ ;fﬁ-ql]L :&:—1
Z OlsiA] & S o] = = S kel
HT (min) 1.00 3} Aol oJsix ikl o] STk E RS 1 “[j A
T-Gmgml) 088  1.00 AES W ot AE TE pHE 7KI= buffers o835t
APS (%) 088" 089"  1.00 Az Wit 12} F2A4E ez HAskd ds S
CP (%) 0.94f* 0.94" 0.84*_ 1.00 o} A1ZF (12,500 tpm, 15 min)S A83R= A% o §o)72l
™ (%) -0.84" -0.84 -0.987  -0.82° 1.00 o)z kel FAJo] ZiE= AR JeEpT)
pH 4.5 (r':; | (m;ﬁe) /(*/P)S (C/P) (T% DPPHEIC]Z 275 pH 403 pH 4.59] WAk 13} 2%
0 0 0 - - - .
HT (i T00 Aol HAsle @3t =9k A7 (12,500 rpm, 15 min)S
min . _
Q3= Ao 3kALS THA) o o)A o] =y}
T-Gmgm) 064  1.00 HESRE AT Ys W] FAAR ST, ABTS
APS (%) 073 079 1.00 Uz 242 pH 4.09] 9 12k F2o000 @23} A2lE o
CP (%) 093" 083 089  1.00 = 25t pHe] W3} glo] SR FET FEAo 23}
T™ (%) -0.81°  -0.84" -0997 -094" 1.00 A E sl AT pH 4.59] WAk 12} 20 723} A7
DHT; Homogenization treatment by different times at 12,500 rpm to E = A5 o] oo w =715tk T8 FRAPY
stirrer (550 rpm) extraction with added 20 fold of distilled water (DW) no o] HIAL 1%L =0l WEl A= == 7
and 0.01 M citric acid-phosphate buffer pH 4.0 and pH 4.5. T - G; 3 pH 4.0°] s 12 ﬁ__'oﬂ ﬂ-ED:]:z{E]_E sk= Al
total ginsenoside content (mg/mé). *ASP; acidic polysaccharide con- A fFelFer dAo] Frkele As AT ATt
tent (%). “CP; crude protein content of extracts extracted by 20 times (Table 5).
(%). >TM; Transmittance at 660 nm (%). Mean value = SD from - _ - V5l alale =
triplicate separated experiments are shown (n = 3). Asterisks indicate oldel AE Fated pH 22 B 33} A2le A48
significant  differences at 5% and 1% respectively by Pearson’s g Ao wiabe] JIX T Y= ksl FAS o)A S 3
correlation coefficient (p < 0.05 and “p < 0.01). olelglon] el 2EEs 48270 AR, A
Table 4. Ginsenosides content of White ginseng extracts by pH and homogenization condition.
g Extract condition”
Ginsenosides
ngnt) DW pH 4.0 pH 4.5
None-H H None-H H None-H? H?
Rg; 0.17x0.00 0.17£0.01 0.18=x0.01 0.18+0.02 0.17x0.01 0.18=0.01
Re 0.20+0.01 0.20=0.01 0.20%=0.00 0.20+0.02 0.20=0.00 0.20%=0.00
Rf 0.06=x0.01 0.06x0.01 0.060.00 0.06=x0.01 0.06x0.00 0.06x0.01
Rb; 0.29+0.01° 0.32=0.02% 0.32+0.00 0.33+0.01° 0.34+0.01° 0.34+0.01°
Rg, 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.01 0.02+0.01 0.03+0.02
Rc 0.19+0.02 0.21+0.01 0.20%0.01 0.20=+0.01 0.21+0.00 0.22+0.01
Rb, 0.03+0.01 0.04+0.02 0.03x0.01 0.03+0.02 0.03+0.02 0.04x0.01
Rb; 0.01=x0.01 0.01x0.02 0.01x0.00 0.01=x0.01 0.01x0.01 0.01+0.02
Rd 0.02+0.02 0.02+0.00 0.02x0.01 0.02+0.01 0.02+0.02 0.02+0.02
Total 1.00+0.01° 1.06%0.02° 1.04%0.02" 1.07£0.02° 1.07+0.01° 1.10+0.02°

DExtract condition; Homogenization treatment of optimal condition (15 min at 12,500 rpm) on stirrer (550 rpm) extraction with added 20 fold of
distilled water (DW) and 0.01 M citric acid-phosphate buffer pH 4.0 and pH 4.5 for 5 hours at 80 C. ?None-H; not homogenized, *H;
homogenized for 15 min at 12,500 rpm. Means value = SD from triplicate separated experiments are shown (n = 3). "Means within a row
followed by different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT) (p < 0.05).
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Table 5. Antioxidant activities of White ginseng extracts by pH and
homogenization condition.

Antioxidant activities

Homogeni
Extract zation DPPH? ABTS® FRAP?
treatment (RCsp, 14/ml)  (RCso, ££4/ml)  (uM/mé)
W None-H? 642.7+2.8" 420.1+6.4* 310.4+9.8°
H 625.5+5.2* 358.4+10.2"> 282.9+14.2¢
40N0ne-H 371.2+4.5" 300.7x4.2° 378.5%5.8°
" : 324.8+9.8° 267.4+6.7 418.2+10.8"
P 45None—H 330.7+2.8° 280.4+5.3° 412.7+8.9°
~H 275.6+6.79 203.9+8.49 433.8+12.6°

DW; Stirrer (550 rpm) extraction with added 20 fold of distilled
water per one gram of dried White ginseng powder extracted for 5
hours at 80°C. ZpH; Stirrer (550 rpm) extraction with added 20 fold
of 0.01 M citric acid-phosphate buffer pH 4.0 and pH 4.5 for 5 hours
at 80°C. *None- H not homogenized, “H; homogenized for 15 min
at 12,500 rpm. SAmount of extracts requwed to reduce by 50% of
2,2-diphenyl-1-picryl hydrazyl (DPPH) radical scavenging activity.
®Amount of extracts required to reduce by 50% of 2,2-azino-bis-(3-
ethylbenzo-thiazoline-6-sulfonic acid (ABTS) radical scavenging
activity. ”’Ferric reducing antioxidant power. Mean value = SD from
triplicate separated experiments are shown (n = 3). Means within a
row followed by different letters indicate a significant difference by
Duncan’s Multiple Range Test (DMRT, p < 0.05).

Wb BRI AL o] (Decker, 1995.; Urquiaga and
Leighton, 2000; Choi er al., 2006; Son and Ryu, 2009;
Dai and Mumper, 2010) &% o]2{g pH =4 ¥ #23} A
ol I F Eejuls dE & SoEeols el ®ist
£ 1% Paro] Urk AzwelAIR, B3] AgTidAlel
A% W B g A5 F2 el E 9o) Kim o
al., 1997; Park et al., 2000; Park et al, 2001) o2 o]
& pH 24 B 783}t A2l o5 F2E FEE] i 3
2 24 A8 davt s Aor Azkd

=

= O
o=

&

|

B ATE FEATH A 4 &+
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