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ABSTRACT

Background: To enhance the taste and physiological characteristics of Lycii fructus (Gugija) extracts, we investigated the changes
in the physiological characteristics of Gugija extracts caused by adding white ginseng (WG) and red ginseng (RG)

Methods and Results: Gugija extracts, including 10G10, 10GW-G8 : 2, -G6 : 4, -G4 : 6, -G2 : 8, and -G0 (mixtures made by
replacing 0, 20, 40, 60, 80, and 100% of Gugija with WG), as well as 10G10, 10GR-GS : 2, -G6 : 4, -G4 : 6, -G2 : 8, and -GO
(mixture made by replacing 0, 20, 40, 60, 80, and 100% of Gugija with RG) were extracted with water at 10 times the respective
mixture's volume. The antioxidant activities of Gugija extracts were investigated by assessing their 1,1-diphenyl-2-picrydrazyl
(DPPH) and 2,2’-azinobis(3ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity, ferric reducing antioxidant
potential (FRAP) activity, nitrite scavenging activity, and angiotensin converting enzyme (ACE) inhibitory activity. As the amount
of WG added increased, the DPPH, and, ABTS radical scavenging activity, and FRAP activity of the Gugija extract decreased. The
half maximal inhibitory concentration (ICsp) value of 10G10, 10GW-G6 : 4, 10GR-G6 : 4, and 10GR-GO for DPPH radical scav-
enging activity were 25.50 + 1.04, 52.06 + 1.46, 16.87 = 1.24, and 9.50 £ 0.16 p0/ml, respectively. On the other hand, the physio-
logical activity of Gugija extract increased with the addition of increasing amounts of RG. However, ACE inhibitory activity was the
highest (50.25 + 2.58%) in the Gugija 10-fold extract without any added RG.

Conclusions: From the above results, we suggest that adding RG to Gugija extracts increase their antioxidant, FRAP, and nitrite
scavenging activities.

Key Words: Lycii fructus Extracts, White Ginseng, Red Ginseng, Antioxidative Activity, Inhibitory of Angiotensin Converting
Enzyme

M o Tl ZAAEe] shiel welelo] Exal 7l

o] ZARE AL oAlske AR} 2l tEA 2ol

T2VAF (Lycii fructusye 3R, 4t 7 3 o) ek o} (Odetti et al, 1990; Kim et al, 1998; Hwang et al.,
Z AAR= Ao g AR shlM= it Sl S0 2009). Betaine2 A &st F7]xe] FAAHEOSZ rutin,
e 120 9] Aekrog FHF3L Ut (Cho er al., 2005). kukoamine, p-coumaric acid, cerebroside, carotenoid, f-
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Farmsworth, 2011).

ole] we} F71zke] Ael7]sAdel tigh A7 Eidd] o] F
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3 73k, a2 F4 A7l el PR Rzelel
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& AzE AL ARSI TR Wil fructusys F2EY
71E9 BETIANGE TN A F1AE 55T
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L

HHE W HEo=2H w7iAE 45 FE5H =1 717 Azd Wi, 34 8 F71A= 42 30 meshe] UARE &
5o WA Wle SAS 7RG slo] &R 7Ees Hsle] FEAER sivlen 4t Hrlel we IRk =
goljregle EAS 2y AUtk (Yi ef al., 1996; Park er al, 2 AX Al EFH)E= Table 13 o] 3 o} 10 viRS]
1997). S A7 U FE2mvF 2ol 9 uiske St o
ole} o] 1A= FEH AF olflel] AR ES A ' AIFE wiAs] fl8te] 70T &AM 6 A FE3T
st AEF (Lee ef al, 2005), ™ (Lim er al, 2003), 5 dyEgstd s Ae7lsd 5788 AEE ARt
3234 (Kim et al, 2003), 7] (Park et al, 2005) A% Ao} (Lee et al., 2011).
o AFAE] gk Bavt qlom, FEAS st o
WA AZEA (Kim ef al., 2006) @ QFEE AZ (Bae 2. F=2=29| £82 ¢ 9%
et al., 2005) T8 F71AE o83 THEeEE wEoly WA 5 St uiA el wE 1A FEEe] FE
FEES UFE AUlsl Axske Zlo] FE5 o] FaL Utk FEES AUEFT F UM LR TEFE o] AR
T 1A S5 S 11 T FAE FEE0 s Alzoll AHgSE Y8 dedel gk e vERieH, 10
of gl 9 gAY 52 S48 71edel et 8 FEEQ e 9=Al (N-3E, ATAGO, Tokyo, Japan)
Table 1. Formulas of Gugija extracts by adding white ginseng and red ginseng.
10GW? 10GR”
Extract 10G10?
G822  Gé4 G4  G2:8 GO G82 G644  G46  G2:8 GO
Gugija (@) 100 80 60 40 20 0 80 60 40 20 0
WG (g) 0 20 40 60 80 100 0 0 0 0 0
RG? (g) 0 0 0 0 0 0 20 40 60 80 100
Water (g) 1000 7000 1000 1000 1000 1000 1000 1000 1000 1000 1000

YWG; White ginseng, ?RG; Red ginseng, ¥10G10; 10 times extract of Gugija without white ginseng and red ginseng, *10GW (G8 : 2, G6 : 4,
G4 : 6, G2 : 8, and G0); 10 times extract of Gugija added white ginseng (10 times extract of Gugija added by replacing 20, 40, 60, 80 and 100%
of white ginseng on Gugija), *10CR (G8 : 2, G6 : 4, G4 : 6, G2 : 8, and G0); 10 times extract of Gugija added red ginseng (10 times extract of
Gugija added by replacing 20, 40, 60, 80 and 100% of red ginseng on Gugija).
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3. DPPH radical 2Hs &3

2,2-dipheny-1-picryl hydrazyl (DPPH) #}tlZd A7 5L
DPPH free radical &~AH-S WHE 3t =431t} (Brand-
Williams et al., 1995).
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=2 B IRk
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4. ABTS radical 2Hs S8

ABTS (Sigma-Aldrich Co., St. Louis, MO, USA) radical
4752 ABTS radical cation decolorization assay (Re et
al., 19995 o|-&3to] S 3Tt

=, 74mM ABTS €993} 26mM potassium persulfate
(Dagjung, Siheung, Korea)& 1:1 (viv)& E3tsle] AL29]
obaolA] 15 AJ7F HEx]3le] 9Fol& (ABTS-)S FA4AZ tf
<, S4=7F 732mm oA 1.00]87F H =5 phosphate saline
buffer (PBS, pH 74)S ©]&slo] 3|Agt & SH & Aoko =
o]-§-sith.

Q}HQ ABTS'+-9-°" 2m£0ﬂ
= ;71@ FEE 02 47}6} & oo 10 B2+ W
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Wik 3 FAke oA £

Eloi' l“>‘ r—-—' é

5. Ferric reducing antioxidant power (FRAP) =M

FRAPH 2]t giksleA e Benizie} Strain (1996)2] ¥
Holl upgt pH 3.69 03 M acetate buffer, 0.04 M HCIo]l
L4318 10mM  24,6-tripyridyl-s-triazine (TPTZ)&-<Y
0.02M FeCly6H,05 ZH2F 10:1:1 (vivv)?] HIEZ H]g]
T3 = 37Ce] gdoA 5 & Bt 7S the FRAP
548 71 =E AREsISlt

FRAPE] 2me ol #4t gl gake] iA] £ w& 7]
5 05m H S/ 25mlE 7}6¥ Z 30Ce g7

1:_’

oI
0 27 WhgAIR & 593 nm ol FE=E S5

=i
=

% FEE

A 1

HOIE - 23S - = - o=

2o 3t SAHLS FeSO, 7TH,0 A2FS o]-&&le] (-
125mM Helel FFde et SHEE Ak A
S UE § 74 FEY9 FHEE FeS0, 7TH,0 uMZE E4tst
oz IS JeplSlth
6. ORMIA s

oA A7A%LS Kato 5 (1987)2] HHES WEsle] =4
=

=, 1 mM NaNO, 89 1 mlol] AlEFEE | mS Hrist
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% 0.IN HCH-93} 02M citrate buffer) S 2 pHE 1.2,
3.0, 42 2 6,022 zAsleo] A o] 10mlo] HEZE &%)
t}.

o] &g 37CA 1 AIZF WHEAIZ] - 7 WhgolS 1 me
F3le] 25% acetic acid Sml 9} griess reagent (30%
acetic acidZ 833t 1% sulfanilic acid®} 1% naphthylamine
1:12 33{}) 04mQ_E_ 7]—6}—04 7<1— _:q?_j_t‘fl—“}_O:l];]_ ] §_Ul—oﬂ
2of| A 15 E7F W28k & 520 nm oA FEEE
A %%‘T‘g 0.4ml 7}t

TR 2ol efsfe] opd

Al
A

12
2733

X o 3

, £ Griess reagent TJA!
SHA ”’\] 0}04 TEEE A% &
q 2AES eI

1 ko> o

o

A];C)xloo

added sample after

Nitrite scavenging activity(%) = (l -

A: absorbance of 1mM NaNO,
standing for 1 hour

B: absorbance of 1 mM NaNO,

C: absorbance of blank

7. Angiotensin-converting enzyme (ACE) Alof&Hd

Angiotensin-converting  enzyme (ACE) A3
Cushman?} Cheung (1971)2] HWhrgell F31ich

Z NBFEE 500 ACE 2849 504, 10mM
sodium borate buffer (pH 8.3) 104 S 7}3led 37CelA 5
7} shaking incubatorollA] pre-incubationdt T3 hippuryl-
histidyl-leucine-8-¢} (HHL, 27mg/25m{ in sodium borate
buffer) 50 1 Z 78] 37ColA 30 £7F ¥HAZl & IN
HCl 250 /4 & 7}3le] wh3-S FRA|Z1 % ethyl acetate
1.5mE 713810 vortex mixer®Z 15 27F Z&3F ohe Q4E
gl 2 A5 T 1mlE FHE v Temp-Blok module
heater2 71310 ©]& SHT 3mb 2 83)|3te] 228 nm o4
___JJ—TZE’— 7-X4 o}-‘}i\:]—

R AEUA SRR AL, AR tE
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ASE WA | N HCK vl E6i3le) 519t Sg0] 3
F the thx Blaste] o Al eJste] Asled S ALt
Aot PR 2= ACEAEIAIRE d2] AM-E= Captopril
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S Tokyo Chemical Industry (Tokyo, Japan)ollAl ¢ 3}e] =, FEEY TS 80% ecthanols 10 ¥ 7t 3]4]
AFL-E AT 3t T A g2 ARREITE 2 34 1.0mlol Folin-ciocalteu

AleF 3.0ml-& 718kl 10 E7F W3 - 7.5% NaCOs

ACEinhibition  (O.D. of control-O.D. of control blank) 1ml S FH7lete] 30 78 Ao WX 3 B33 EA R

rate(%) = (O.D. of control-O.D. of control blank) 760 nmol|A] TS 235163, EFEEEE tannic acidE ©)
Sajo] B4 stk

8. F&20| HIEI! L AFEH B
Wik 3 BRSO £l Wk AxE 704 FE2E W 10 SHER
O

Oﬂ A R 7|=Fe] AR AR WER] B AlEde] & RE AT 3 3 o vkE Arjsiglon doEyy o

=S 2B 2 A= SPSS Statistics (ver. 21, IBM Inc., Armonk,
"évt_" oteke BAE] Slsle] FE2EL 7 At FE2ES NY, USA)E ARSSIed 243isit),

membrane filter (0.20 m pore size, Whatman Co., Kent, AR = AT H + ITURNE A8, FEE7F

England)Z oJ3te] ARESETh &40 ARSgE 717+ o] #9244 Duncan’s Multiple Range Test (DMRT)S A
HPLC (Agilent 1200, Santa Clara, CA, USA)°|9loH, ) alod p<0.05 <ol AT HERIHE, FXAEA]
Rl Ao A8t ZHd-2 Prevail carbohydrate ES (5 /m, ok 9 FEEEsdEH DPPH radical 2275, ABTS
4.6 =250 mm, Altech, Deerfield, IL, USA)IQ 3, AH L= radicali”ls, FRAP, oFEAtdaAs B ACEAS] &3 ol
35CE A8t £=89E 70% acetonitrileZ 0.7 mé/min st FAAAE Lol 7] $181¢] Pearson’s correlation’™A]-S
2 ZHEWOeH, &2 ELSD detector (Altech, Deerfield, =g
IL, USA)E 50C¢] 2xolA 14 £/min® F%52F N, 7k~
2 ZYRYE 2702 WERIS 2kt Zut ¢
TS AtEd BA o) ARES 2 S YMC Pro Ci3 RS
(YMC Co., Ltd, Kyoto, Japan)el1o™, AZ7]&= DAD 1. F&=29 8 H S%
detector (203 nm, Agilent 1200, Santa Clara, CA, USA)< WAl g ZAS A St wet Alx" A Ly
o]g3te] BABIFAL, AL ooz B-HH A (water)  fructus) 10 ¥} F=Eo] T
9} vl B (acetonitrile)S ©]-8&3l] &v BE 0 & (20%), ¥ Ak Table 29} T

10 ¥ (20%), 25 & (24%), 30 & (33%), 42 —Er (37%), T712h WA 2 34 2z 10 8 FEEY e
57 & (80%) 58 - (100%), 68 & (60%), 70 ¥ (20%)2]  32.56%, 28.24% B 39.87%% F4to]l 7P sl RS
ZA3k] % 1.0 nd/mine 2 EHFUC. AAAP|E ESE “"”0] 7P A ‘4'5]'1’1*‘:]' Sohn 5 (2008y2 71X &+l
]QFQE-\: Rg; (Chengdu Biopurify Biochemicals Ltd., He FE39 734 TR FEIUS W FETEC] 355%=
Chengdu, Sichuan, China)s 20 &2 ALEHE o3t} 7P Bt Rysiiedl 2 A A vtk 8
(Jo et al., 2011). Bl mEA wake diAlst Alxd 1A FEES
717 100%FZ=0 Hlste] Wit AT Aee 780l
9. 529 & +a||-1|+ a2t oA e BAL Tk AT A9e o] oM
% ZP)9| =32 Coseteng?} Lee (1987)2] HHS ]85} = AHE BTk
o A3kt A oA Fato] MR FEo] =2 AL T4 Ax
Table 2. Yield and brix of Gugija extracts by adding white ginseng and red ginseng.
1T0GW? 10GR”
Extract 10G10"
G8:2 C6:4 G4:6 G2:8 GO G8:2 C6:4 G4:6 G2:8 GO
Y(Lzl)d 32.56 31.99 31.03 30.85 29.68 28.24 34.14 36.22 37.42 39.07 39.87
Brix (°) 5.50 5.20 4.90 4.50 4.20 3.90 5.70 5.90 6.20 6.30 6.60

P10G10; 10 times extract of Gugija without white ginseng and red ginseng, ?10GW (G8 : 2, G6 : 4, G4 : 6, G2 : 8, and GO); 10 times extract of
Gugija added white ginseng (10 times extract of Gugija added by replacing 20, 40, 60, 80 and 100% of white ginseng on Gugija), *10GR (G8 : 2,
G6 : 4, G4 : 6,G2 : 8, and GO); 10 times extract of Gugija added red ginseng (10 times extract of Gugija added by replacing 20, 40, 60, 80 and
100% of red ginseng on Gugija).
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=S0GR

- 1o0cx o] BEF A7%0] 100%S Rth webd GRFZEAME
50 ¥ 2 100 ¥i7F HEE Mg & LATS & A 50
vl 355 (50GR)IME G109l H|sle] 34HS 715l u}
2} 2750 S718K9aL, G4:6, G2:8 E GOdlAE 712 H
523t 2752 HoFEUTh T3 100 Wl FEE (100GR)0IA
£ GI0FEEIAMS &7%50] 47.47%1d vlsked &4 7t
Fo| F7tsdel we Arsol SUlske AEgE Bth
G103Z52] DPPH radical 27%& 50 v FZEo]A]
83.32%°]10 3L, 100G0 (100% &4+ 100 ¥ FZE)e=
82.08%, 10GO (100% 4t 10 ¥} FZE)IME 12.80%=
UeRdt. oo} ro] 7|z FEES Wi FEEHU: §
Falgon T4 FE2E HiE W3S B 5 Aotk

B3 7} EfFEEe] FEulael met 50% A2

60

40

DPPH radical scavenging activity(%)

20

GO Vitamin C
(50 o /m2)

Extacts

Fig. 1. DPPH radical scavenging activities of Gugija extracts
by adding white ginseng and red ginseng. 10GW and
50GW; 10 and 50 times extracts of Gugija and white
ginseng mixture, T0GR, 50GR and 100GR; 10, 50 and
100 times extracts of Gugija and red ginseng mixture,
respectively, G10,G8 : 2, G6 : 4, G4 : 6, G2 : 8, and GO;
extract of Gugija added by replacing 0, 20, 40, 60, 80
and 100% of ginseng on Gugija, Each value presents the
means = SD (n = 3), Means with different small letters
(a-0) are significantly different by Duncan’s Multiple
Range Test (p < 0.05). Means with different capital

letters (A-D) in the same mixing ratios of Gugija and
ginseng are significantly different by Duncan’s Multiple
Range Test (p < 0.05).

Y F 2l Q] T AXE sk T T FFOl =
ot sAlol MY dh) Fol| ofF EulH e wWals

FZa8°] oS B & AU (Lee et al, 2012). +7]
Zp, WAk "9l Ak ZbzE 10 v FEEY YEE 5.0 brix,
3.9 °brix ® 6.6 °brix0|3t}. ol FEFE v|SEA G
T ZAk] 7P =a IAE, WAk ol

2. DPPH radical 2 Hs

WAk Bl gake] Al £ W 712} 5E2° DPPH
radical 2275l st A3= Fig. 13 28kt
WA A 9ol wE 71 10 W FEE (10GW)RllA]
S FA7BA 22 1A 100%F25 (10G10) ThH)
A 1A TiA] 20% (G8:2) 2 40% (G6:4) EFto=
=39S AFole 10G107EE 79 s 445 B
ARk oo e] WAk HrbelMe kel SUHeE
DPPH radical &27%5°] 4TS & 4 UL, 50 ¥} 5=

¥ A2 e

o

e E 5% (ICs)= Hlaalz] $lske] DPPHEO] 3
7hds dEste] WS 3t A3} Table 33 2okl F71ARRE
o] 10 ¥} FEFE (10G10), W3k A & FF=0 GW-
10G0, GW-10G6:42} 4 tiA] 55252 GR-10GR6:4,
GR-10G09] ICs¢ Z}2} 25.50 p0/ml, 455.01 14/ml, 49.06/40/
ml, 16.87 sb/ml, 2 9.50 p/ml = YERHo] DPPH radical %
Aol e e A B IR FEEC] radical
A%l ZolS & 4 ASTh

Kim 5 2011y W43} 3 3] S&38fe] Axd S4ko
65°brixe] FEEFFNS TR T 10 v At ICsE &
Azt WAL 14,09 mg/ml, T4 8.55 myml BFaL B I1E1I L
™, Lee 5 (2012)2 80% ol&he FEZEZE ICS & 23
WAk 430 mg/ml, FAHE 2,11 myml B3 HE A e
AEe HAF

o

3. ABTS radical &Hs

WA "l S H7EERE] wE R FEEC gt
ABTS radical £271%¢] A¥= Fig. 29 AT}

10 ¥} F=E)4 GW-G10S 99.28%Z WL W4k &g

E (S0GWyllA = wiat &3 ko] S7Fgh wet 7hast o] S7F met ATl WolAA GoolAME 090 +

Table 3. ICs, value of Gugija extracts on DPPH radical scavenging activity by adding white ginseng and red ginseng.

1Cso (1£b/md, extract)

Extract”
10G10 G8:2 GC6:4 G4:6 G2:8 GO
CwW? 25.50+1.04 35.84+12.14¢ 49.06+9.47¢ 168.23+10.05° 325.46+8.98"  455.01+7.13%
GRY 25.50+1.042 21.96+0.97° 16.87+1.24¢ 13.62=0.88¢ 10.40+1.04° 9.50+0.16

P10G10,G8:2,G6 : 4,4 :6,G2 : 8 and G; 10 times extract of Gugija added by replacing 0, 20, 40, 60, 80 and 100% of white and red ginseng
on Gugija, respectively), ?GW; 10 times extract of Gugija added by replacing white ginseng on Gugija), *GR; 10 times extract of Gugija added by
replacing red ginseng on Gugija). Each value represents the means = SD (n = 3), *Means with different lletters (a-f) of the same column are
significantly different mixing ratios of Gugija and ginseng at p < 0.05 by Duncan’s Multiple Range Test (DMRT).
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Fig. 2. ABTS radical scavenging activities of Gugija extracts by
adding white ginseng and red ginseng. 10CW; 10
times extracts of Gugija and white ginseng mixture,
T0GR, 20CR and 50GR; 10, 20 and 50 times extracts of
Gugija and red ginseng mixture, respectively. G10, G8 :
2, G6:4, G4:6, G2:8, and CO; extract of Gugija
added by replacing 0, 20, 40, 60, 80 and 100% of
ginseng on Gugija, Each value presents the means + SD
(n=3), and was determined by adding the same
amount of extracts and vitamin C (50 zg/mé), respectively.
Means with different small letters (a-k) are significantVy
different by Duncan’s Multiple Range Test (p < 0.05).
Means with different capital letters (A-D) in the same
mixing ratios of Gugija and ginseng are significantly
different by Duncan’s Multiple Range Test (p < 0.05).

=10GW =10GR

GO Vitamin C

(50 #g/me)

G8:2 G6:4 G4:6

Extracts

Fig. 3. Ferric reducing antioxidant power (FRAP) of Gugija
extracts by adding white #ginseng and red ginseng.
10GW; 10 times extracts of Gugija and white ginsen
mixture, TOGR; 10 times extracts of Gugija and re
ginseng mixture, respectively. G10, G8:2, G6:4,
G4:6, G2:8, and GO; extract of Gugia added by
replacing 0, 20, 40, 60, 80 and 100% of ginseng on
Gugija, each value presents the means = SD (n = 3), and
was determined by adding the same amount of 10 times
extracts and vitamin C (50 pg/mb), respectively. Means
with different small letters (a-l) are significantly different
by Duncan’s Multiple Range Test (p < 0.05).

0)O
o =

[e]

1.01%2 A°] &7%e] YeptA| B 5 Qddeh 28
W, &4 diAl EF 71A 10 v FEEQ 10GROIAM =
G825 xgste] 4 Sl BAglel BF 7S]
100%%E YERH AT

w2y T4 A7 wet Aol HES] Yske] 20 )

9 50 v} FEE°] HE=E 843 20GR ¥ 50GR FEE|

375

2715 ® A3}, 20GR10 2 50GR10 FE=E0AM=
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4. Ferric reducing antioxidant power (FRAP)
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oA AA v Aem 4EA At (Gray and Dugan,
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Fig. 4. Angiotensin converting enzyme inhibitory activities of
Gugija extracts by adding white ginseng and red
ginseng. 10GW; 10 times extracts of Gugija and white
ginseng mixture, T0GR; 10 times extracts of Gugija and
red ginseng mixture, respectively. G10, G8:2, G6: 4,
G4:6, G2:8, and GO; extract of Gugija added by
replacing 0, 20, 40, 60, 80 and 100% of ginseng on
Gugija, Each value presents the means = SD (n = 3), and
was determined by adding the same amount of 10 times
extracts and vitamin C (50 zg/ml), respectively. Means
with different small letters (a-j) are significantly different
by Duncan’s Multiple Range Test (p < 0.05).
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6. Angiotensin-converting enzyme (ACE) X{oligHAd
ACEAIS|AI= ACES] 28-S Aagho 2 angiotensin 11

o] AL A3slal aldosterone®] RIS A7 HAst

AR bradkinin®] S7}F 591 FHE Sl AFEHES A

o} (Lee et al., 2004).
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Table 4. Nitrite scavenging activities of Gugija extracts by adding white ginseng and red ginseng.

Nitrite scavenging activities (%)

Extracts
pH 1.2 pH 3.0 pH 4.2 pH 6.0
10G10" 95.90=+2.05" 22.78+2.92f 10.04+1.22¢ 2.51+0.30>
G8:2 95.12+1.27° 16.87+2.428 9.07+1.12f 2.37+0.34%
GC6:4 94.87+1.80" 15.38+1.84" 7.42+0.918 2.09-+0.26°
10GW? G4:6 89.74+1.64¢ 13.06+1.63¢ 5.59+0.84" 1.10+0.14¢
G2:8 77.44+1.71¢ 5.92+2.38 3.02+1.20 0.24+0.11°
Go 72.31+1.33¢ 1.31=1.05% 1.01=0.82 0.000.00°
G8:2 96.92+2.93" 23.37+1.94 10.16+1.69% 2.64+0.21°
GC6:4 97.97+1.96° 24.56+1.50° 10.71=0.82¢ 2.77+0.38"
10GR? G4:6 98.46+0.74% 28.45+1.744 12.16=1.21¢ 2.85+0.32"
G2:8 98.92+0.46° 35.21+2.06° 13.74+2.02¢ 2.92+0.30°
Go 98.97+0.507 37.57+3.54" 15.18=1.46" 2.95+0.23%
Vitamin C 98.74+0.59? 40.21£1.25° 20.14+0.76° 6.78+1.07°
(100 pg/mb)

P10G10; 10 times extract of Gugija without white ginseng and red ginseng, ?10GW (G8 : 2, G6 : 4, G4 : 6, G2 : 8, and G0); 10 times extract of
Gugija added white ginseng (10 times extract of Gugija added by replacing 20, 40, 60, 80 and 100% of white ginseng on Gugija), ?10GR (G8 : 2,
G6 :4,G4:6,G2 : 8, and GO); 10 times extract of Gugija added red ginseng (10 times extract of Gugija added by replacing 20, 40, 60, 80 and
100% of red ginseng on Gugija). Each value represents the means = SD (n = 3), and was determined by adding the same amount of 10 times
extracts and vitamin C (100 1g/mf), respectively. *Means with different letters (a-k) of the same column are significantly different mixing ratios of
Gugija and ginseng at p < 0.05 by Duncan’s Multiple Range Test (DMRT).
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Table 5. Ginsenosides content of Gugija extracts by adding white ginseng and red ginseng.

106W? 10GR?
Extracts 10G10"
8:2 G6: 4 G4:6 G2:8 GO G8: 2 G6: 4 G4:6 G2:8 GO

Total® ND  0591+0.042" 1.192+0.0768 1.710=0.048% 2.233+0.038° 2.639+0.052" 0.726+0.018" 1.442+0.079" 2.184+0.074° 2.870+0.062°  3.490+0.054"*
Rg1 ND  0058+0.012 0.111+0.031" 0.165£0.045% 0.215+0.047° 0.257+0.052¢ 0.097+0.009" 0.191£0.029° 0.285+0.071° 0.386=0.058"  0.459+0.026
Re ND  0.132+0024" 0.257+0.061" 0.382+0.054% 0.496+0.041" 0.594+0.037° 0.090+0.021" 0.174+0.048 0265+0.026' 0.362+0.032°  0.451%0.033°
Rf ND  0022+0007" 0.046+0.012° 0.064+0.0207 0.076=0.022° 0.085+0.019" 0.029+0.003" 0.047+0.009° 0.069=0.012¢ 0.088+0018"  0.116+0.012°
Rb, ND  0.233=0.031" 0.51420.050" 0.796+0.063° 1.097+0.058" 1.329+0.073* 0.223+0.016" 0.388=0.0418 0.516+0.077" 0.552+0.055  0.611+0.046¢
Rc ND  0.072+0.0068 0.147+0.007¢ 0.154+0.004% 0.178+0.010° 0.190+0.014° 0.128+0.022" 0.274+0.014% 0.429+0.054° 0.587+0.039°  0.682+0.030°
Rg, ND  0.007+0.0018 0.011=0.0028 0.018+0.003% 0.025+0.004¢ 0.029+0.003¢ 0.015+0.002° 0.029+0.005" 0.049+0.006° 0.069=+0.010"  0.078+0.024°
Rh, ND ND ND ND ND ND 0.040+0.010'  0.088+0.002¢ 0.1360.002° 0.193+0.007>  0.234+0.006"
Rb, ND 0.042+0.005¢ 0.0710.005" 0.0860.003* 0.092+0.002° 0.094+0.006* 0.014+0.003" 0.025%0.003° 0.042+0.003¢ 0.060£0.005°  0.074+0.007°
Rb; ND 0.006+0.002" 0.012+0.001" 0.015+0.001** 0.018-0.003% 0.021+0.002* 0.003+0.001¢  0.007+0.001° 0.011=0.001° 0.016*0.002®  0.025+0.012°
F, ND ND ND ND ND ND 0.003+0.001°  0.008=0.002 0.013+0.002° 0.018+0.002®  0.023=0.003
Rd ND  0.019+0.0038 0.023=0.002%8 0.030-0.001¢ 0.036=:0.003¢ 0.040+£0.002° 0.040+0.009° 0.085=0.011Y 0.131+0.009° 0.175+0.007>  0.231%0.006"
Rgs ND ND ND ND ND ND 0.001£0.001°  0.003x0.001° 0.006+0.002® 0.008+0.001*  0.011£0.001°
[ ND ND ND ND ND ND 0.004+0.001°  0.011+0.003¢ 0.020+0.002° 0.029+0.001°  0.035+0.002°
Rh, ND ND ND ND ND ND 0.006+0.002°  0.015+0.006¢ 0.028+0.002° 0.043+0.002"  0.103%0.003
Rg; ND ND ND ND ND ND 0.007+0.002"  0.018+0.004° 0.033£0.004° 0.050+0.003"  0.061%0.002*
Rg;-S  ND ND ND ND ND ND 0.004+0.002¢  0.011+0.007° 0.020+0.004" 0.029+0.002®  0.035+0.001°
Rg;-R  ND ND ND ND ND ND 0.002+0.001°  0.005+0.002° 0.009£0.002° 0.01320.002°  0.016+0.001
Rk ND ND ND ND ND ND 0.004+0.001°  0.014+0.004¢ 0.028+0.005 0.046+0.003°  0.060+0.002*
Rgs ND ND ND ND ND ND 0.016+0.003°  0.049+0.010° 0.093+0.014° 0.144+0009"  0.182+0.008
Rh, ND ND ND ND ND ND ND ND 0.001£0.00  0.002=0.001 0.003+0.001

P10G10; 10 times extract of Gugija without white ginseng and red ginseng, *10GW (G8 : 2, G6 : 4, G4 : 6, G2

and ginseng at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

: 8, and CO); 10 times extract of Gugija added white ginseng (10 times
extract of Gugija added by replacing 20, 40, 60, 80 and 100% of white ginseng on Gugija), *10GR (G8 : 2, G6 : 4, G4 : 6, G2 : 8, and G0); 10 times extract of Gugija added red
ginseng (10 times extract of Gugija added by replacing 20, 40, 60, 80 and 100% of red ginseng on Gugija), *Total; Total ginsensides (mg/m¢). Each value represents the means = SD
(n = 3), and was determined by adding the same amount of 10 times extracts. *Means with different lletters (a-k) of the same column are significantly different mixing ratios of Gugija
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Table 6. Betaine and total phenolic compound content of Gugija
extracts by adding white ginseng and red ginseng.

Extracts Betaine Total phenolic
(mg/ml) compounds (mg/ml)

10G10" 0.735=0.025% 0.845+0.094%*
G8:2 0.605=0.022° 0.710+0.103

GC6:4 0.583+0.024¢ 0.582+0.0858
10GW? G4:6 0.421+0.018f 0.465+0.0648
G2:8 0.334+0.030" 0.345+0.070"

Go ND 0.216+0.004'

G8:2 0.586+0.031°¢ 0.789+0.102°

C6:4 0.558+0.027¢ 0.742+0.086°¢

10GR? G4:6 0.443+0.020° 0.690+0.059¢
G2:8 0.361+0.0188 0.643+0.028'

Go ND 0.583+0.0068

P10G10; 10 times extract of Gugija without white ginseng and red
ginseng, ?10GW (G8 : 2, G6 : 4, G4 : 6, G2 : 8, and GO); 10 times
extract of Gugija added white ginseng (10 times extract of Gugija
added bg/ replacing 20, 40, 60, 80 and 100% of white ginseng on
Gugija), *10GR (G8 : 2, G6 : 4, G4 : 6, G2 : 8, and GO); 10 times
extract of Gugjja added red ginseng (10 times extract of Gugija added
by replacing 20, 40, 60, 80 and 100% of red ginseng on Gugija). Each
value represents the means = SD (n = 3), and was determined by
adding the same amount of 10 times extracts. *Means with different
lletters (a-g) of the same column are significantly different mixing
ratios of Gugija and ginseng at p < 0.05 by Duncan’s Multiple Range
Test (DMRT).
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Table 7. Correlation coefficient among betaine, total ginsenosides, total phenolic compound content, and physiological activities of Gugija
extracts by adding white ginseng and red ginseng.

Bioactive components Physiological activities”
W exrac Betaine 10l fotal DPPH  ABTS FRAP ACE Nitrite
ginsenoside  polyphenol
Betaine 1.000 - - - - - - -
Total ginsenoside —0.904** 1.000 - - - - - -
Total polyphenol 0.953** —0.943** 1.000 - - - - -
DPPH 0.919%* -0.387 0.990** 1.000 - - - -
ABTS 0.946** -0.541 0.905** 0.942%* 1.000 - - -
FRAP 0.867* -0.612 0.923%* 0.988** 0.9571** 1.000 - -
ACE 0.959** —0.652 0.882* 0.591 0.779* 0.890* 1.000 -
Nitrite 0.840* -0.718* 0.917%* 0.959** 0.993%** 0.927%* 0.862* 1.000
Bioactive components Physiological activities”
CR extract Betaine 1ol Total DPPH  ABTS  FRAP ACE Nitrite
ginsenoside  polyphenol
Betaine 1.000 - - - - - - -
Total ginsenoside -0.932** 1.000 - - - - - -
Total polyphenol 0.950**  —0.998** 1.000 - - - - -
DPPH —0.945%* 0.995%* —0.997** 1.000 - - - -
ABTS —-0.802 0.945%* —0.933** 0.920** 1.000 - - -
FRAP —0.932%* 0.994** —0.992%** 0.991** 0.916** 1.000 - -
ACE 0.9371** —0.995%* 0.993** —-0.786* -0.836* -0.779* 1.000 -
Nitrite -0.822* 0.963** —0.952%* 0.945%* 0.975%* 0.937*%%  —0.941** 1.000

YDPPH; DPPH radical scavenging activity on 50 times Gugija extracts by replacing white ginseng, and ABTS, FRAP, ACE and nitrite (nitrite
scavenging activity, at pH 1.2); activity on 10 times Gugija extracts by replacing white ginseng, ?DPPH; DPPH radical scavenging activity on 100
times Gugija extracts by replacing red ginseng, ABTS; radical scavenging activity on 20 times Gugija extracts by replacing red ginseng, FRAP ACE
and nitrite (nitrite scavenging activity, at pH 1.2); activity on 10 times Gugija extracts by replacing red ginseng, *Asterisks indicate indicate
significant differences at p < 0.05 by DMRT, **Asterisks indicate indicate significant differences at p < 0.01 by DMRT.
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