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Abstract

This study was intended to provide basic data for a health functional food study by exploring
antioxidant activity of reflux extract according to the concentration of ethanol and the extract
of ultrasonic waves extracted and reflux extracted under the same solvent conditions. In the
same solvent condition, the reflux extract (75.10 £ 1.99 mg) showed a higher total phenol
content than the ultrasonic wave extract (51.74 * 2.28 mg). Flavonoids also had a higher
reflux extract (25.05 = 1.53 mg) than did ultrasonic extracts (16.23 &= 1.95 mg). Reflux extract
according to ethanol concentration was found to have a higher phenol content than the 70%
ethanol extract (40.60 = 1.49 mg) in 60% ethanol extract. Flavonoid content was also similar
to phenol content in reflux extract as determined by ethanol concentration from 60% ethanol
(25.05 £ 1.53 mg) to 70% ethanol extract (6.60 = 0.46 mg). In addition, the antioxidant
activity (DPPH, TEAC, FRAP, ORAC) of the reflux extract in the same solvent conditions tended
to be higher than that of ultrasonic extracts. Also, 60% ethanol extract had better antioxidant
activity than 70% ethanol extract. However, an analysis of phenolic acid content through
HPLC showed that the ultrasonic extract had a higher content in the same solvent condition
than did the reflux extract. Not only the presence of phenolic acid, but also those of other
compounds are believed to be attributed to the activity of antioxidants. Therefore, further
studies are needed to clarify this phenomenon.
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Introduction
2 AEA0f = hydroxyl radical (OH-), xide radical (O,), hydrogen peroxide (H,0,) 5-°] 3]
202 vE TS HEBHE 482 ST F)
SH

Aol A AJ/dElo] M AS Ak dl 7hs 7o =
Frtas YA E T35k AR TR At St HESSEo] /42 A dsto] Tt
Zgtko] o102 &1l ITHBajpai et al., 2017). o|2{3t /A4S AA|5t7] S5t Bdol= &
AKSE @491 catalase, superoxide dismutase (SOD), glutathione peroxidase S2 THd AFSFIFR]A|Q1

o, 2|3 )
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butylated hydroxy anisole (BHA)2} butylated hydroxytoluene (BHT) 5-0] Utk AlFa} S 5] Aleh iA] HAog &2
G ARPIAIAE AR R O U 5402 7HA1 AL QL= A o] FAI7F Elof Z|Folli= bt fHtskAlE 'listaal H =2
7154 A7} 2hdks] 28w 11 QITH(Lee et al., 2003).

E2|(Gynostemma pentaphyllum)= Bttol] £5h= Tha A B2 AlBE F2 4tolut & LojlA] 2l2h joll= Al 5
& 2|He] Ao B2t 912 o 4-8 em, Z 2 -3 emZ 572 2R ) 0 2 A o] Qlt. 9l o] FAJE-2 gypenoside,
chlorogenic acid, flavonoids -5-2 & 4l @ HF A Al G Fghol| aup7} )l om o 278 2jo] Y8 2 ARgE|o] ittt
(Jeong et al., 2011; Samec et al., 2016). ASPATF A3} 2 = &t § THHuyen et al,, 2012), 59| Y 70% o[EHe FE2E2 =
EP“ /3 Exlo]| oJgt 5N E5(Yim etal, 2014), HA{ 2| =2 A9] ok FZE0] A2 A Eaprt Bk

CHPiao et al,, 2014). FE5H E9] olehe 25 Y #8520 FAlstsd} Al B S} HarE]o] QITHKim et al,, 2017).
SEA|RE 22 S geEfoto] Ak s& Aet Aake HalE| o] QA gttt ofof] & ol A= &2l 2] 60, 70% OﬂEP
= SR 258, 60% oEE 250 552 7L S JFsto] ZF 22 2000M Uehhs ket 84

g0 24 717 715 A ] 712 R R AZSkA S,

=

ok

[‘

.'_,

Materials and Methods

Alglo]| AR5 =9] 92 (F)gketabAZ(Hallasan Soju, Jeju, Korea)ol|A] | gito} 2&E5-5 A 2319tk 59 A&
0.5 mm 37| 0|Fko 2 2af5le] o SRzt 2252 747} 60, 70% ollehE-2 Al S S 308E 37 Fsto] 80°C 2%
2 33 REESIQITE. 230 2552 60% ottt A5 S52] 308E A
7| (Power sonic 520, Hwashin Technology Co., Seoul, Korea) = AF8-510] 9057+ 2% & o 1}519 1L
theo] B8 33 %6}93@. Thg] 2252 71oMeZ7|(Hel-VAP Precision, Heidolph, Germany) & A}-8-5}0] -2519]

=9 A FEE0 Eejuls FFE Koetal. (2017)2] 1S AREsto] S46IQlTh F22 20 ulof] S/ 700 g 3

7k3F 5 Folin-Ciocalteu A]2F 100 uLE o] A10]2 =] AFL.0j|A] 2] 7HE0F H}x]5}1 2006 sodium carbonate = 100 ul#) &3t
5lo] 1AJI7FEQF HESAJA T, S8 = i-Mark microplate reader (168-1135, Bio-Rad, Hercules, USA)Z 750 nmoi|A] 451}
o}, 2259] 4= gallic acid= 2MJH standard curveS ©]-85}10] GAE (gallic acid equivalent) 2 LFERYQIC}.

ZobE wo|E TR Kim et al. (2012)2] B Fsto] 245190} 325 100 uLoj| ethanol 300 pL, 10% aluminum
nitrate 20 L, 1 M potassium acetate 20 Z24 560 ULE- 7}slo] E516H & 1A |79 HRS A|Z T}, 0] % microplate reader
£ AREStoT 415 el A S =S SIS FE5EY] S8 querceting: ©0]-8-5101 AJH standard curve S 0|85}
QE (quercetin equivalent) = UEF AT

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 27{s =X

£9] 9] Z2ZE9| DPPH radical £715-2 Blois (1958)2] HHH-S ¥&sto] 24519t} 252 40 Lol 0.15 mM DPPH
160 0.2 Ef5}o] e 5] QLo 302 SIS, 55 2) SR micophte reader S AHS) 450 mmoll A 375
594tk DPPH radical scavenging activity (%) = [1 - (Abs of the sample - Abs of the blank) / Abs of the control] X 10022 LJER]
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oick

Trolox equivalent antioxidant capacity (TEAC) ZH

2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical 4715 £7-2 Zulueta et al. (2009)2] IS HEPFs|A] =
Z519ith 7 mM ABTS2}2.45 mM potassium persulfateS- S3FA 71 & QAo A 515 SQF M| A1A A4 E ABTS xadlcal%
A1&5}7] 7 734 nm 01| A] optical density Z10] 0.70 = 0,027} E =2 §F & B Al&of| ARSIRITE ABTS 1 mLof| 25
50 uLE 7}5}o] 5E7FHRSA]7] 31 UV-spectrometer (UV-1800, Shimadzu, Japan) S ©]-8-5] 734 nmoj| A S35 Z4519ich
TroloxS A3} standard curve S AHAJ5HL 225 1 g trolox 5 (mM trolox equivalent [TE]/g) 2 LFER AT

Ferric reducing antioxidant power (FRAP) £H

FRAP-Z Benzie and Strain (1996)5]-2 Z115}10] 245191t} FRAP working solution-2- 0.3 M sodium acetate buffer (pH 3.6),
20 mM FeCl,, 10 mM 2,4,6-tripyridyls-triazine (TPTZ)E- 10 1 : 19] B[ &2 28t & 37°Col|A] 3027 RES-AIA AE5I3iTh
ZZE5- 50 uLoj] FRAP working solution 150 uLE- 7}5HH 37°Col|A] 1557 HES-AJZT, 0] microplate readerS- AR8-3l 595
nmojA] EFE S 245t FeSO, S AR5 standard curve S 2H5HTL 28 1 ¢ FeSO, 212} (mM FeSO,/g) O & L}
EFUSITE.

Oxygen radical absorbance capacity (ORAC) &

5919 £225] ORAC A% FALL Huangtal (013)9] W41 & #3310} 25110 Back welplatol] 232 50
uLet 78 nM fluorescein &9 150 pLE H7} & 37°Cof|A 1087 HES51Ict o] % HES-oHof] 221 mM 2,2-azobis(2-
aminopropane) dihydrochloride (AAPH)Z- 75191 2™ fluorescence microplate readerS- 0]-8-5}09 excitation 485 nm emission
535 o] 12 7HA 0.2 1A7KE AR S 25100} Trolox EAJ0ko 2 ALR81G o 7} 2527} EZ Ao}
9] area under the curve (AUC) 212 Z2HJ5123 T} ORAC A| 4= trolox 2 ZHAJE FE 7= Aof| w2} 1 g trolox 5= (mM
TE/g)= eI

Phenolic acid Hzk 2M

9] 9 3Z-59] phenolic acid % high-performance liquid chromatography (HPLC-DAD, Shimadzu, Japan) S AF-8-5}
A1819d k. Columne YMC-Triart C18 column (250 X 4.6 mm LD. 5 uM Hybrid silica-based ODS, YMC, Korea)S- AFE-5F1 1L
0|5/ 80l A9} B2 A’ trifluoroacetic acid7} 0.19% T S-74, B2 trifluoroacetic acid”} 0.1% -7 HEhe-S
AR5I9IT) Sul R AL Al 90%, B 10%E A|ZF5to] 10 mino]] A: 8006, B: 2004, 20 minol] A: 75%, B: 25%, 30 minc]] A:
72.5%, B: 27.5%, 45 min©l| A: 60%, B: 4096, 50 min®| A: 40%, B: 60%, 55 min®]] A: 0%, B: 100%, 62 min°i] A: 90%, B: 10%
2 sto] BASHITE 4452 1 mL/min @ 2 S} 1L column®] 2= 40°CE 1174 5}o] 445131 o HEu-2 260 nm=:
A}t 7} standard= methanolol] %0 6,25, 12.5, 25, 50, 100, 200 pg/mLE FHS0] A S 2HAdsto] Hakeict.

M

=]

SAEA

ey |

3 Q172 35 ¥ A Re T A% T average + standard deviation© 2 LFER ST, 7+ Al o] SAA| 2k spss
(Statistical Package for the Social Sciences, ver 18.0, SPSS Inc., Chicago, USA)S AR&5}0] HAHEALS AT -G-2] 4 2}
o7} 9= FHoll= Tukey] THEH 1747 (Tukey Multiple Range Test, TMRT)Z AH8-5to] S84 frolde 2Asiint
(p<0.05).

Korean Journal of Agricultural Science 46(1) March 2019 87



EAntioxidant activity and phenolic acid content of Gynostemma pentaphyllum leaves according to extraction conditions

Results and Discussion

E 0= 3 St 0|E B

59| A 2EE0| F oy Y SetE o|E R Table 13} 2Tt 5 S04 SRzt 2E58(75.10 £ 1.9
mg) 233t F2ZEE(51.74 £ 228 mg) BT} O =2 H|i= FFS UERAQICE Sati o] & Sk B9t & s skt &
AFet 74gko &2 She W7t 2282505 £ 1.53 mg)o| Z2-8u} 32251623 + 1.95 mg) Er} =9t} o] = Kangand Lee (2013)
7} Ba1sk ufe} Zho] 11.20fjA] 82 o] & Eof| u}2} poly phenol®] 27} AEAol|A] A EALZ S| Q17| ufiol] -2
o|M FEoh= SRYL FEE2] EojulE ol o A Uepd 2 0 2 AY7ZFET ot SRzt &5 7] aojlA
£ 60% OllEhE FEE0NA 70% olEhE FEE40.60 = 1.49 mg) BTt O =2 s Ffo] SA= i), Setk ol & 3
T 60% OflERE(25.05 £ 1.53 mg)ollA] 70% oflgkE FEE(6.60 + 046 mg) Tt o =2 &S EIr}. o]= Cho et
al. (2005)2] AFATQI BE2} 600 OEHS FZE-2 70% o[k &S Et HEdgo| o £4 SA =i chs H i
H| 9 Aikg Bl

59| 9] £Z 20 DPPH radical AL Fig, 10] LFERSIT}. 7 %222 3527} (ol 4lo] mhe} DPPH radical 4:7]
o] 271519tk 5 BuiE AN SRzt 22 2L 297} 2523} vl wsio] BE AEEoA O £ DPPH
radical 271238 WOIC), B 228 0| DPPH 471842 6006 o[tk 22ZollH 70% oehe 228 wr} o) &
7| 2749t ol 6006 Ol[ehS 3& 20 Bl i Sahu o] = glako] 700 oleh EEBHTHEL Ak HE 7]

=9 9 259 TEAC, FRAP, ORAC 312 Z1h= Table 29+ 2T} 5 Suli2olM 7Y FE5251 250 5
29| TEAC 452 212} 121.22 4+ 4.33,90.71 & 2.19 mM TE/gC & 3H2 iz 22-5.0] ABTS ghtjzh A71%50] of S5t A
Ig Btk 7 225 1 TEAC H2 7241 2lo| & Ho| A= ehgtort 60% ollehs +25(121.22 £ 433 mM
TE/g)ol|A] 709 ol|Ehe 3Z2(113.36 & 2.10 mM TE/g) BT} ChA =2 718 Hojr},

Y guiz7Ao N Y7t 2EE2] FRAP 712 116.80 1 4.21 mM FeSO, /g0 2 221} 2&-22] 58.60 + 420 mM
FeSO,/g 2kt oF 2vl) T =7 UET]. SH787 2-22] FRAP 312 60, 70% ol[&h= F2-50l1A 2H2F 116.80 £ 4.21,
67.57 & 1.56 mM FeSO, /g2 = 60% ofeha FZ-=20f|A] FRAP g2 Hf &3ttt

Y 8ol 2ol N SRt FEET 230 FE559] ORAC A|4= 782} 979.32 + 144.65, 757.18 + 50.85 mM TE/
go & ZR 7t 25329 ORAC |47}t =7 SA=Uch & Y7t 5529 ORAC A= 60% olehe 5=
(97932 = 144.65 mM TE/g)°] 70% OflEh-& 35-5(241.80 &= 55.16 mM TE/g) BT} OF 38} o/ 1] -2 &S HITt. Table

Table 1. Total contents of phenol and flavonoid of Gynostemma pentaphyllum Makino leaf extracts.

Extracts Total phenol (mg GAE/g) Total flavonoid (mg QF/g)*
60 ER 75.10 = 1.99a 25.05 = 1.53a
70 ER 40.60 + 1.49¢ 6.60 = 0.46¢
60 EU 51.74 + 2.28b 16.23 £+ 1.95b

60 ER, 60% ethanol reflux extract; 70 ER, 70% ethanol reflux extract; 60 EU, 60% ethanol ultrasonic extract.

"mg GAE/g : mg gallic acid equivalent per sample 1 g.

“mg QE/g : mg quercetin equivalent per sample 1 g.

a - ¢ Means with different letters in the same column are significantly different at Tukey multiple range test (p <
0.05).
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20]|A] H1gk R E A ATE 600 T2t of[ghe FE2E0A FAkekso] o 945k ATE Btk TEAC 2 FRAP
T2 FASkA| o] AL Y 53 S H W S 5R= AR o|n ORACE TAISHA| 2] 24 Fo] 58S =75to] Atst
=

82 Hlwohs Y O o5 BF F Hlis/d 3RHE Y Sehi ol o] 245 F7ehe S Uehd
CHWojdyto et al., 2007).
mmMWEﬂﬂEﬁﬂﬁéﬂ%w%Qf Yz} ok FE2oN Fikelsol B 943 e BIith o=t
Tt AE FE=olMe T vls ARt 2 &Q%-%HEMﬂﬂﬂﬂ%%@qL&mMNMHMEA TEIAY
vz B St ol = oefo] 7MY A S 60% ollehE SR FE20] 0% oThE 230 FE=EI o &2
ks Z/J(TEAC, FRAPYS B3It of= 59| A AR 5 SElol Qe 22 s e ¥ ga}y}xo] = do] @it

o 2185 Uehl= 24 2242 olde 4 ok

120 -
- EG0ER
X 70 ER
= 100 A 7 a
z EEG0EU
= 4
g %0 4 ab b
ap &b
;b a
k3)
> 60
3 b
= b

a
9
5 40
&
' 2 b}
2 20 4
g I_El_i
O T T T
62.5 125 250 500 1000
Concentration (pig/mL)

Fig. 1. DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity of Gynostemma pentaphyllum
Makino leaf extracts. 60 ER, 60% ethanol reflux extract; 70 ER, 70% ethanol reflux extract; 60 EU, 60% ethanol
ultrasonic extract. a, b: Means with different superscript are significantly different at p < 0.05 by Tukey’s
multiple range tests.

Table 2. TEAC, FRAP and ORAC of Gynostemma pentaphyllum Makino leaf extracts.

Extracts TEAC (mM TE/g)" ORAC (mM TE/g) FRAP (mM FeSO,/g)’
60 ER 121.22 = 4.33a 979.32 + 144.65a 116.80 = 4.21a
70 ER 113.36 &= 2.10b 241.80 &= 55.16¢ 67.57 &= 1.56b
60 EU 90.71 = 2.19¢ 757.18 + 50.85b 58.60 =+ 4.20c

60 ER, 60% ethanol reflux extract; 70 ER, 70% ethanol reflux extract; 60 EU, 60% ethanol ultrasonic extract.

YmM TE: mM trolox equivalent per sample 1 g.

“‘mM FeSO,/g: mM iron sulfate (IT) equivalent per sample 1 g.

a - ¢ Means with different superscript in the same column are significantly different at p < 0.05 by Tukey’s
multiple range tests.
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Table 3. Individual phenolic acid contents of Gynostemma pentaphyllum Makino leaf extracts (Unit: mg/g

extracts).
Phenolic acid 60 ER 70 ER 60 EU
Benzoic acid derivatives
Benzoic acid 0.14 0.19 0.08
p-Hydroxybenzoic acid 0.16 0.16 0.17
Protocatechuic acid 0.73 0.73 0.73
Total 1.03 1.08 0.98
Cinnamic acid derivatives
Cinnamic acid 0.01 0.01 0.02
p-Coumaric acid 2.05 1.93 2.17
Caffeic acid 0.36 0.32 0.41
Ferullic acid 0.25 0.27 0.21
Sinnapanic acid 0.05 0.04 0.08
Total 2.72 2.57 2.89

60 ER, 60% ethanol reflux extract; 70 ER, 70% ethanol reflux extract; 60 EU, 60% ethanol ultrasonic extract.

Phenolic acid M2F &M

Phenlolic acidF+= 7] 7127} benzoic acid 2 ©|F-01% benzoic, phydroxybenzoic, protcatecuic acid % cinnamic acid
2 o|F0}% cinnamic, coumaric, caffeic acid ‘50| 1.2H o] &3HE-& HPLCE ARE5o] A7f 245 A3k= Table 32}
2t} BE 2ZE 0|4 benzoic acidF-= protocatechuic acid”} 71 =2 kRS- Bl O cinnamic acid=-= pcoumaric
acid7} 7 2 oke Hlth 5 -Sul 2ol SRzt 2255 2501 2529 benzoic acid 7] 9R22F2F1.03,
0.98 mg/go] FRIE|] 01 £3] benzoic acid= S-FP2t FEENN 233 FZ2H00.06 me/g T =& Tgo] FAE]
Ik, FHEZ 22 BolAT= 60, 700 o EHE FE 217} 1,03, 1.08 m/g© 2 Utehdrh, 5AGn) Z71o|A] 285t 23
=7} 7y 2559] cinnamic acidF9] SIFS- 2.89, 2.72 mg/go] HEEH N O 221} FE-F0||A] cinnamic acid,
preoumaric acid, caffeic acid, sinnapanic acid7} o] &2 ks BRAT} o|= SRzt 24| 11.2.0 2 Qlsto] Hls/d 5=
2] 5] 2910l ofg A} ek 210 2 AL EIHSong et al, 2012), SFEL47} EE B0l 6036 ok

o

2220|700 oflghg 22 2R} He ke Hit)

Conclusion

=9 9 &Y Akt FAS v | wot A} of[ghe B E th2A| oF IRy 2EEo M= 0% oEhe 2EE
0] 70% oletE FEEH T o] 52 o= Y Skt o] & Slgfo] UERtom hket g/ ot o =2 Z2aE Hit &
o -gufjx7AR1 609 ollEhE FE2E0A FE2 S O2A ol u SR FE20] 220t FEEEO F o= Y
443} of 3t A D42 BTk shA|gE
HPLCE ‘&3t phenolic acidF B4 43 5 Sufj 270X 230} F250| R4 FE22E0 o =2 3do| HdEx
o] H|H-S A8 F g BA Y= TR S BT o]= phenolic acid & #9F op e} EetE o] E JEEE
Frtal 2kgol] 7|Q1st A0 2 Hof kel 11H-S QJelia= F7H A X1 E o7t Al Ao = Azt
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