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Antioxidative and Anti-Diabetes Activity, and Free Amino Acid and Mineral
Contents of Beverage with Gugija (Lycii fructus) Extracts

Kyong-Ae Lee'
Department of Food Science and Nutrition, Soonchunhyang University, Chungnam 336-745, Korea

Abstract

Free amino acid and mineral analysis of beverages with Gugija (Lycii fructus) extracts performed to determine the antioxidative and
anti-diabetes activities of the beverages. The four major free amino acids in the water- or ethanol-extracts of the Gugija beverages were
asparagine (115.23, 51.95 mg%), methionine (20.02, 22.07 mg%), aspartic acid (19.65, 13.72 mg%) and taurine (18.64, 22.44 mg%).
The mineral contents of the Gugija beverages with water- and ethanol-extracts were in the order K>Mg>Na>Ca>Zn>Fe. Antioxidant
activity determined by DPPH and ABTS radical scavenging activity. There was no significant difference in DPPH and ABTS radical
scavenging activities between the water-extract beverages and the ethanol-extract beverages, although more phenolics and flavonoids
were found in the ethanol-extract beverage. Higher anti-a-glucosidase activity was observed in the ethanol-extract beverage compared
to acabose, which was used as the control and is an inhibitor of a-glucosidase, suggesting that the Gugija beverage with ethanol extract

could be a potential hypoglycemic agent.
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7)A=  betaine, cholin, meliscic acid, zeaxanthin, p-
sitosterol, physalien rutin 53 2L A 7154 EZo]
el o 3“}3?}34 U, ddeta sy,
Fudtay, PdA, dF U =HE Astad,
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SEPA AQBS AR @ AT BulLo] WA F
Fshe A% Holw Qout #d ATE BHAelw
AAA Ape W Agelth & Aze 7)ol
He 32T 2226 v ol5eH 54, YelBy
Soll Aolg Hel HE AFS) FA 540 IFS Fob

(Kim JH %5 2003, Kang MK 5 2010, Lee SW % 2010).
T3 S8 39 fe ofuigke gl IS £ W ofy
g YR oAb ¢I SIS, AZEEE A
3 53 2o AYTAHE Holw FFELS oAbyt
A gholl Y-S FAUY A EAS S0y EAA
AA SOl 93-S FrHUgawa T 5 1992, Kawai M 5
2002, Lee KA & Park JS 2014)
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1, A=

FY AY 2 PAANSQBEETANN B
NAE 7Y, BUsstel Agsan T4 B |
of FFHT EE 50% oELFIE 300 mLE ¥
o 3AIZE B8R W FF F ofiste] Qs A
Azt o] W 70% NELIE FE2AL JELIE
S AA T 52 A=x3ITE AR A9 Folin-Ciocalteu’s
phenol A]¢¥(Sigma-Aldrich Co., St. Louis, MO, USA),
diphenyl-1-picrylhydrazyl (DPPH, Sigma-Aldrich Co., St.
Louis, MO, USA), 2, 2'-azino-bi-(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS, Sigma-Aldrich Co., St. Louis, MO,
USA), L-ascorbic acid(Sigma-Aldrich Co., St. Louis, MO,
USA) & °lth
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frejobr) At ke ofui At 2541 7](S430, Sykam
GmbH, Munich, Germany)E ©]-&3}a] X390 Als
10 mL2®} sulfosalicylic acid 0.2 mL &33te] 1A WA
A1Z] B8 membrane filter(0.2 pm)2 AI}stATh o |
mLoll 0.12N lithium citrate buffer(pH 2.2)Z 7}3lo] 2 4

bt 2275 7] 4] 318 7 25 (2015)

Table 1, Operating conditions for amino acid analyzer

Parameters Conditions
Column cation separation column LCA KO7/Li
(4.6x150 mm)
Column temp. 37~74°C
Flow rate 0.25 mL/min
Reagent flow rate  0.45 mL/min

Buffer citrate buffer (pH 2.90, 4.2, 7.95)
Detection wavelength 440 nm, 570 nm

EHAS o AE R0l F9, B o

X Z7AE Table 19 JeERAATH

M rlo

3) R7IH EM

AlZE 1 goll 65% HNO; 7 mLe} 30% H,O, 0.5 mLE
=este] WhEAIZTE o] &4l 1% nitric acidE O
100 mLZ 488 F 571 B4 olgaiary F71
T =2 dEe=nt #3338 57|(ICP-OES, Optima
7300 DV, Perkin Elmer, Shelton, CT, USA)E ©]-&3}]
RF power 1400w, pump flow rate 1.5 mL/min, nebulizer
gas flow 0.65 L/min2] ZZolA B3}

4) ASHHIX|EY 2M

(1) Eg¥s &F ¥ S ot

Folins-Denis ®(Kwon HJ & Park CS 2008)°.2 Zg]
He FEFE E43ATh AR 0.5 mLell 0.2% Folin-
Ciocalteu's phenol reagentE Ei & 33t 383+ W
Z|gF F Nap,CO; E3H-8 200 uLd S/ H7F8H
T} 1A W] & UV-VIS Spectrophotometer(UV mini-240,
Shimadzu, Kyoto, Japan)E& AR83l] 725 nmollA &3 =
E 435192 tannic acidE EFEZE 0| 83T

ZgH o= FFS Zia Z 5(1999)9] HPHS AR &
Akl BAsldoh AlE 025 mLoll SR/ 025 mLe}
5% NaNO, 75 uLg H7iste] & E3sk & 583 %X
3kt o719 10% AICL - 6H,02 0.15 mLE P93 6%
7t WAl & IN NaOH 0.5 mLE 715t 108 3F
HES-A1Zl 3 UV-VIS Spectrophotometer(Shimadzu) = 415
molA FFEE SHSIF O querceting XTELR

o

AHgstel B2 skt

(2) DPPH )z &7%

AZ 1 mLoll 10° M DPPH €9 1 mLES 7}8le] 420
21 10%7F ¥H&-A1Z1 3 UV-VIS Spectrophotometer(Shimadzu)
£ °] 8319 517 nmoll A 2 =E =43t DPPH 2
OZ 275(%)> A5 27HY FE5(A)S AR 73
7ol FEEADE o83t tE 2ol AHEsTh
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(Blois MS 1958).
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DPPH &tz 2A5(%) = x 100

(3) ABTS &HHZ 475

ABTS radical decolorization ¥'H-& ©]-83t ABTS 2}
0z £274% S =43 tH(Nicoletta P 5 1999). 7 mM
ABTS(2,2'-azino-bi-(3-ethylbenzothiazoline-6-sulfonic acid))
S} 245 mM KoS:0s5 &% EFst] Faolx w-gAIA
ABTS #zZe FAAIZl ABTS 895 A=z3H3th
ABTS &9 1 mLoll AlEE ¥l gaolA 783 vhSA
T QRN P EE UV-VIS Spectrophotometer(Shimadzu)
£ AH83te] 734 nmoll A S48k ABTS 2 2427
TS NE XS AR FHX)Y FREE
o]-g3te] o 2o 93] ABTS &tz 275(%)2
YERH AT

X - Xo
ABTS &2 275(%) = 7}( x 100

1

5) a—Glucosidase X5l &AM

0.7 UmLe] &% 3 a-glucosidase(Sigma-Aldrich Co.,
St. Louis, MO, USA) 50 uLe} AlE 10 pLE #7135k
37°CollAl 5%3F HESAIFATE 5 mM p-nitrophenyl o-D-
glucopyranoside(in sodium phosphate buffer, pH 7.0) 50
pLE 7kt 583 vESAIZ & 405 nmolA FEEE
A3ty EFEHZE acaboses ARESIHATHChoi J
= 2008).

6) SHZEAM

33 HHE A3y gk Ay SPSSHAIZE I (version
19.0, SPSS Institute Inc., Chicago, IL, USA)S ©]-&3&}o]
BAMEA S sl Al 7 o8 ARS8 R
% 5%0°lA4] Duncan’s multiple range testE A A|3FATH

m, ZAar 3 0H
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T717e] EFE= ol 85E(GBW)S} dgEFE+

= 5(GBE)9] frejobu|eibst ofnegt fEAE &
St3Ath Table 20 AAIZE A o] F+ T/ S5
isoleucine, leucine, lysine, methionine, threonine, valine -5
Dot 63& T F obulwAl 15F3 ofy]
LA 45 6% 5 F 2159 frlolulnat B ouw
& FEAY FREC ATk EFET FHES 4

frr 2 2

Table 2, Free amino acid contents of beverages with Gugija

extracts (Unit : mg%, dry basis)
Amino acids & derivatives GBW" GBE”
Isoleucine 3.48 2.49
Leucine 4.74 531
Lysine 1.81 1.07
Essential Methionine 2002 2207
amino acid . 3
(EAA) Phenylalanine n.d. n.d.
Threonine 2.96 3.23
Tryptophan n.d. n.d.
Valine 6.16 4.34
Total (EAA) 39.17 38.51
Alanine 14.26 11.59
Arginine 10.17 8.84
Aspartic acid 19.65 13.72
Non-essential Glycine 1.69 1.41
amino acid Glutamic acid 431 4.86
(NEAA) Histidine 6.60 4.61
Proline 12.85 13.11
Serine 7.80 4.20
Tyrosine 4.23 2.68
Total (NEAA) 81.56 65.02
y-amino-n-butyric acid 6.60 4.61
Asparagine 115.51 51.89
Adrzriir:;t?jeid Ethanolamine 6.95 7.98
(AAD) Ornitine 0.61 0.24
Phosphoserine 2.92 3.27
Taurine 18.64 22.44
Total (AAD) 151.23 90.43
Total (EAA+NEAA+AAD) 271.96 193.96

" Gugija beverage with water extract.
2 Gugija beverage with ethanol extract.
¥ not detected.

o)Ak Bl ol 2t FEA(EAA+NAA+AAD)] &S
271.96 mg%°|Nom o] F Holr]|4tHEAA)S 39.71
mg%E  HA Y 14.6%E AAetAth HlFgobn it
(NEAA) 81.56 mg%(29.9%), oM =2Hr=A|(AAD) 151.23
mg%(55.6%)°1 k. EFEE a5l P Bol &
AEh= AL asparagine O Z 115.51 mg%o|A o™ 2o &
methionine(20.02 mg%), aspartic acid(19.65 mg%), taurine
(18.64 mg%), alanine(14.26 mg%), proline(12.85 mg%) <=
ol o]EL EFEFE ol &F R EAskE T o
bk A 9] 87.0%(236.65 me%)E TR 2}A] 51
. AR EFEE o]§S5ole Holu|i=iHEAA) 38.51
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mg% (19.9%), BIZ=olu] =2 HNEAA) 65.02 mg%(33.5%),
ol AR EA(AAD) 90.43 mg%(46.6%)°1A L & ofn]
2F 9 oA - EA(EAA+NAA+AAD) S -2 193.96
mg%(100%) 2.2 E5%= o] &5 5ol vldl Fopr|x4t 2
A e Sth =3 E5FF ol &55ol Hla of
H Ak HIE2 Ea1 opigt FEAY HE2 wdTh
2= S8 7P wol e AL asparagine
2 51.89 mg%°| 2™ taurine(22.44 mg%), methionine
(22.07 mg%), aspartic acid(13.72 mg%), proline(12.11 mg%),
alanine(11.59 mg%) <= °IAth o] =9 & 133.82 mg%
2 F opxgt B FEA9 69.0%5 AHASFATE Shon
HK 5(2008)2 TF71A52 9] otr)iest 3 9 242
FZ gujd w2t =g 3Tk Lee SW 5(2010)0]
ot Hnls=d o] &g FollA 2759 fElotr|intho]
SAEAL FEloheike] 2 glutamic  acid>glycine
>serine>arginine>hydroxylysine < ©|¢loH FFHe] F
Fol wet frejotreite] 7 9 el ZfolE B
ol ST B AFA F SR feElohreat 249
zZlolE F85 Az AHEE FEEC] RV HEl®
AZET fElolr sk SR et & U S4&
UehdthKawai M 5 2002, Hwang ES 2013). T S50l
AE T8 92 Ul= aspartic acid®} methionine, $£5t3}
@okS W= proline, @92 W& alanine 5°] 8 g
oppliqto 2 BAFEQT 7 FRA olF o4k
grgoll zpolE Ko F FF7O gto]] o]F ofmiike] &
A W ooy} FFo] FdFE = AR AZHET. =3
methionine> 4AFSPIA| &3, asparagine> Y¢S 3=%}
€, taurine> Sj=2Hg, 7 AL S, EF dFES F=
A B3 83 FY2EHE 2 SAAE A, 4k
&gl thgt Rs gy 5 A7l Fold &8-S st of
vk 2 O fFEAZE 245 THPasantes-Morales H
5 1985, Ferko AP 1991, Park SC 5 1994, Chung EJ &

FE=AdEet2nt £33 = 7](Perkin Elmer)
2 M3tk 7 T/ 289 78 Ee ZEK)e
Rem o] 2o pladlE(Mg), 24 (Ca), HEFNa), A
(Fe), o}A4(Zn) F°l el AR Fe(Cu)ot B3t
(Mn)& AZHA LUtiTable 3). EFEE o] &259
F14d e ZHE(438.50 mg%)>TF U 4(11.69 mg%)
>ZH(11.56 mg%)>UEF(10.58 mg%) =]t olehe
FEE oSSR FUIE TS ZFO] 426.40 mg%O]
A3 vtavls, 2w, YEFSY 2 27 13.18 mg%,
9.04 mg%, 8.73 mg% °IUH. F +59 ZF FFS Y
EFY 400 oo 2 F T/ F71E FEFoll & Aol

Al E ] et e] 4] A 31 Al 235 (2015)

Table 3, Mineral contents of beverages with Gugija extracts
(Unit : mg%, dry basis)

GBW" GBE”

K 438.50 426.40
Mg 19.69 13.18
Na 11.56 9.04
Ca 10.58 8.73
Zn 0.92 0.57
Fe 0.54 0.13
Cu nd” n.d.
Mn n.d. n.d.

D Gugija beverage with water extract.
K Gugija beverage with ethanol extract.
¥ not detected.

7F At HEFSY AYHHE s, AEIK
M, AR 5), EuES, HITe] EAE ST
Ao 4HA 9lom 2008 =l YEF HH

At A =R 46%7F WHO Harere] 2w o4k 44# 3t
I 9Jol(Kim HY 2011), YEF AHS =017 Y&l U
EF AHAE AFsk= A 8 okl AF AH} YEF
< WS Eoae A AR Zad dAolnh 10°Brix
o’del Hvps=9d ol&=ge ZF FFS HEFY

1.2-2.58 BE BSTHLee SW 5 2010).

BN e

o

T71Ae] EFEE o855 AdEEFEE ol 85R
o ZEjvlEs 9 ZetE ot S Table 40 YERASL
ot #HEEtEe el =S VI 9, 54§
IEASRES Agste] ksl adE vEhdy Egd)
=9 ZgExoltE TR wet e s EnE
HQltKLee SO 5 2005, Park SI & 2006). EF=E& ©]
S259) dEFEE o825 FdE dFe 4
7} 151.91, 179.85 mg/gel¥lom ZelH ot gaFe 7}
7} 89.94, 103.30 mg/gl & oL FEE oL RE
EFEE ol8o50 vE ZEdsd FehEkol=rt
O o] g-f=lo] AUt Kwon HI & Park CS(2008)=
uRte] AerEFEEo| BEFEE vlg ZgdE §
2ol B =1 3921 Lim SH $(2010)0] &J&d &
h3ele] gujFEES] ey SRl S
A% A EFEE0] olgkd FEFE0 Hlgl ATk Lee
HC 5(2008)> T7|#e] Eevls g2 A7), &
% ol wet zpelE HAtka ST

T2 EF2E o8558 qEEFEE o858
o] A3 84]-2 DPPH o)zt &27184 3 ABTS 2t
Z 284S =H5ke] 2+ Fig. 1, Fig. 201 JeRAT
EFEE ol 95 JdE2FEE o] 859 DPPH &

—~



Table 4. Total phenolics and flavonoid contents of beverages
with Gugija extracts

Total phenolics Flavonoid
(mg/g) (mg/g)
GBW" 151.913.17° 89.94+2.12°
GBE? 178.85+4.56° 103.3043.57°

b Gugija beverage with water extract.

2 Gugija beverage with ethanol extract.

*® Different superscripts within a column indicate significantly
different (p<0.05).

DPPH radical scavenging activity (%)
58 8 8 8 B8 ]

"
o

]

L-ascorbic acid GBW GBE?

Fig. 1, DPPH radical scavenging activity of beverages with

Gugija extracts,

*® Different letters on the bars indicate significantly different
(p<0.05).

K Gugija beverage with water extract.

? Gugija beverage with ethanol extract.

100 b

ABTSradical scavenging activity (%)
5 8 & 5 3 2 T =

™
=1

L-ascorbic acid

GBw*

GBEY

Fig. 2, ABTS radical scavenging activity of beverages with

Gugija extracts,

“® Different letters on the bars indicate significantly different
(p<0.05).

D Gugija beverage with water extract.

& Gugija beverage with ethanol extract.

O AP A2, e B3}, frafotu]mAbat 7714 g 211

W1 mg/mL .
80 I 5 mg/mL n
10 mg/mL

a-glucosidase inhibition activity(%)

GBwe

acabose GBEY

Fig. 3. a-glucosidase inhibitory activity of beverages with Gugija

extracts,

*® Different letters on the bars indicate significantly different
(p<0.05).

K Gugija beverage with water extract.

? Gugija beverage with ethanol extract.

Oz 2AZAHL 247t 75.8%, 76.2%°1910H o] w) thx
THpositive control)Z ARE-gF L-of~F =2 B 4] DPPH 2}
gz &7%597.5%) Bth @E3UthFig. 1). Kim JH &
(2003)2 &A1 &3 8t oere F&5F I 259 DPPH
gz 2SS 74.80-94.79% (o1 o] w] thETol
BHA®] DPPH #}tZ &£7%52 93.83°1%01 dF 57}
x| Hls] o4 %S DPPH oz 2484 KBl
A& ZgFH 0] =2l acacein serotonin, 7|4k S0l <
gk B3 28 ot Aolghar 3kt $ ABTS
Z 2AE8 S A EFFF ol&SET 673%CI1U
or AEFSFEE ol EET 68.6%= UETSI L-of~
2 H2H96.8%)° &l SEkTHFig. 2). ASEF=E 3
=

m =2

SE 2222 F4-os0 W Towsd Sohn
= ero] %7 UERtoLl DPPH iz 27184
o ABTS Uiz 27842 o7} 24 & AL
2o EAsks Ee)us Zehnolse] R

7] dEos oA,

fud
p—.
T

9 o

‘%_
o}

v oy B HFo R |

4. a—glucosidase XNal{{Z1}

=59 o-glucosidase A &35 =743t Fig 30
ERNA. a-glucosidase= AFEEE 43ko] npx|o)
A A o|FFE JRNEHE E4ZA a-glucosidase
AAE A58 Z7HE S E F Utk EFEE
o] 8559 o-glucosidase A& 1 mg/mLoAA] 24.5%,
5 mg/mLolA 34.5%, 10 mg/mLol|lA] 49.43%0°]}om o
BeFEE 4S5 E 1 mg/mLolA 52.6%, 5 mg/mLol
A 61.8%, 10 mg/mLolA 79.63%2 sE7} F/1dFEE

O

=2 o-glucosidase A3EAFE BTt 2T (positive
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control)Q] acabose2] A3MNEHL 1 mg/mLAlA 32.4%=
2 FEY EFEF olE9E Hiube 3oy dEkE
FEE o] 8550 HlEiAE EUTE acabose= EHFTYNE
7, TE 53 22 FAES Ushd ¢ o] ARgo] A
e o glow, ESHE A, Ay, g, AEae §
3z, 77t EFFEE o HAE Uy 59
el dFAslAle] s ATEHI UtHAsano N 5
1994, Nishioka T 5 1998, Yin Y 5 2009, Kim DJ 5
2010, Xu ML 5 2010).

=

2 o

T71Ae] EFEE 2 50% oSEFEES o83t &
59| fElopvedt U4, AA &S, o-glucosidase
A S BT F SRS 659 5 o
“HKisoleucine, leucine, lysine, methionine, threonine, valine)
< X3 159 Felotrests 639 F2A F 21
T opu|At B O FEAVE F4EAT. =FEE ©l
S8 dREFEE o858 F& fY opv|AkS
asparagine(115.23, 51.95 mg%), methionine(20.02, 22.07
mg%), aspartic acid (19.65, 13.72 mg%), taurine (18.64,
22.44 mg%)°lom F71HL2 K(438.80, 426.40 mg%)©]
71 ol FFEo JRoem Mg>Na>Ca>Zn>Fe 0l
o} AFshgA| a9= DPPH @)z 427157 ABTS 2]
2 2R SHSAL AdEEFEE ol8eEE B
=5 o] &55 Hls| ZEHE, EgtRolE o]

o 59| DPPH &tz &A% 3 ABTS gt

Z 2B FrolF A7t QI dgeFE=E ol
& il
[e)

é—éo}, —r

oo
Ul
rlr

29l acabosel Hl&| F& a-glucosidase
activity A3l&/43S Ueklo] g st axrt S1Ed
o mebA 50% e FEE] EFEFEEY 28 A
zof A Ao Y4
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