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This study was conducted to investigate the antioxidant activity and physiological properties of Moringa (Moringa
oleifera Lam.) leaves extracted with three different solvents (water, ethanol, and methanol). The extraction yield
from water, methanol, and ethanol were 13.17, 9.54, and 7.48%, respectively. The highest total polyphenol content
(58.04 mg/100 g) and total flavonoid contents (12.36 mg/100 g) were observed in water extract. The DPPH radical
scavenging activity was the highest in the water extract (79.18%) at the 500 mg% level, similar to BHT (77.18%).
Additionally the same tendency was observed with DPPH, ABTS radical scavenging ability, and ferreous ion chelating
ability. The water extract showed relatively high antioxidant activities. The angiotensin I -converting enzyme (ACE)
and the HMG-CoA reductase inhibitory activity of water extract at a concentration of 500 mg® were somewhat
higher than those of the other extracts. Additionally, the HMIG-CoA reductase inhibitory activity of the water extract
was significantly slightly lower than that of the positive control (cholorogenic acid). These results suggest that

Moringa leaves extracted with water will be useful as antioxidant-rich and functional natural foods.
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& 7N Moring oleifera Lam)E =3 713} (moringaceae)
o &t %0]7} 5~10 mo]] °| 2% VR oo}, ofZg]
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FE7E 1, e r HEGSH FAT, Y T
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B A AHgE BE7h 42 (A E 2 F(Kimpo,
Korea)ol A Al gol A&t Aol AHEE BE AloF
2 Sigma-AldrichAKSt. Louis, MO, USA)2] A &S Al&-3}

= 10014 7tate] 60C] 48 dellA S-Fidds et
FEAAE 3N 33] ghEste] FEEth FEA S
Whatman No. 12 ©]3}3} T3, rotary vacuum evaporator
(Byela Co., Tokyo, Japan)Z Z &5 st T FAAZFED

3|4 A21A A6Z (2014)

SFDSM12, Samwon, Korea)dlod w22 A| 23} th 2t
=59 Tl FEYS A ARAMA Aw TS 79
& F=Y A AHEe 5 HET] g W

£ EdEz f E2tEo|= e

% Z99E S Dewanto 2] W (11)o] whet Al
100 pLell 2% sodium carbonate 2 mL¥} 50% Folin-Ciocalteu
reagent 100 LS 718t & 720 nmol|A] §FEE S4B S
™ gallic acid(Sigma-Aldrich Co.)2] 7 @Al o]sle] ahaf
< AFESTh

% ZelHxo|t S Saleh®} Hameed2] W (12)<l
w2l Al 100 mLol| 5% sodium nitrite 0.15 mL-S 7}3F
& 25CoNA 657 ]38 tF2 10% aluminium choloride
03 mLE 7}8ted 25Tl A 583 WA 3 th o IN
NaOH 1 mLE 7}3hat vortex’doll A 7}k & 510 nmeol| A
FH=E =331 21 rutin hydrate(Sigma-Aldrich Co.)2]
dido oato] S AbEstqlth

N, 1

DPPH % ABTS 2iCjZ &HEZA

DPPH 2}t]Z 24242 Bloise] W 13)0l wheh Al
0.2 mL°] 0.4 mM DPPH(1,1-diphenyl-2-picryl-hydrazyl)-8-
4 08 mLE 7ksted 1023 A g v 525 nmell A 53
=5 =5 e A4k, electron donating  ability
(%)=100-[(OD of sample/OD of control)x100]] &]s}te] &
AEE A=t ABTS gl 271842 Re 5(14)¢]
ol we} 7.4 mM ABTS[2,2’-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt]¢} 2.6 mM potassium
persulfate S E3ato] A2 ohol| A 2447t F<F W] 5]
radical & F/4A1Z] th A3 A4 ABTS 895 732
nmol|A] &3 =7} 0.700+0.030°] ¥ =5 phosphate buffer
saline(PBS, pH 7.4)& 3| ao] AL&-53iTh 84 € &
950 Lol FEE 50 LE 7}slo] haolA] 1087 WhS-A]
7 % 732 nmoll A F3 =S S5k en AL, ABTS
radical scavenging ability(%)=100-[(OD of sample/OD of
control)x100]°] ¢]ste] A3 AHESHAT

OfE At A8y

Kato 5(15)2] "ol w2} 1 mM NaNO, £ 1 mLdl]
FZ% | mLE 7I8kaL 0.1 N HCIZ} 0.2 M citrate buffer(pH
25% 715to] & B9 E 10 mLE 2335tk ohgoll 37T
ol 1217 ¥HEAIZ] 1 mLE # 3l 2% 2AHE 3
mL®}t 30% ZAtgdoz £33 Griess reagent(1%
sulfanilic acid:1% naphthylamine=1:1) 0.4 mLE 34 2
71 & Ao A 1587 WA, 520 nmell A FHEE =%
I 2T Griess reagent U2 S/HTE A3 2

v AlAHA] nitrite scavenging  activity(%)=100-[(OD of
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sample/OD of control)x100]°l &3} &3l th.
p

H o|2(Fe?*)oll thEt chelating &4

Yen 5(16)¢] ®Hol el F&E 1 mL, 80% ethanol
0.8 mL, 2 mM FeCl,-4H,0O[iron(Il) chloride tetrahydrate] &
A 0.1 mL, 5 mM ferrozine[3-(2-pyridyl)-5,6-diphenyl-
1,2,4-triazine -4°,4”’-disulfonic acid] €<} 0.1 mLE % 7}g

o E3ste] AolA 1023t ¥HAIZl £ 562 nmell A
THEE SHstlem ALH, ferrous ion chelating
effect(%)=100-[(OD of sample/OD of control)x100]°l <]}
o LhEsHT)

a-Glucosidase XsligAM

Kim 59 ®WH17el wet F%& 0.05 mL, 1 unit/mL
a-glucosidase 0.05 mL2}200 mM potassium phosphate buffer
(pH 7.0) 005 mLE % &§tate] 37CoA 1027t A 28t
St} vl 3 mM pNPG(p-nitrophenyl a-D-glucopyranoside)
0.1 mLE H7}8ked37CellA 1023 vH3A1Z1 3 0.1 M
Na,CO; 0.75 mL=Z RHg-5 HAA1A 405 nmol|A] FBEE
273ttt olull, 4 vlwE 913t acarboseE AHESH
t}. A8 &4 S a-Glucosidase inhibition(%)=[1-(Cabs-Saus)/
(CabsBap)]%¥100:  “Cap, NETFHE  Sav, AEFTHE
B, A5 F3H7F FHE ] oste AbEstdnt

ACE Mgy &4

ACE A3 242 Cushman®} Cheung®] W (18)S ¥
sle] =Ast o, ZEANL rabbit lung acetone
powder(Sigma-Aldrich Co.)E 0.3 M NaCl= &-%3F 0.1 M
sodium borate buffer(pH 8.3)°l] 0.2 g/10 mL (w/v)2] T==2
4CollA 24X 2F FE¢ &, 417214 T. 4,000 rpm, 40
min)3te] FedS 2EANOZ ARSI 71 H2 03
M NaCle| 7% 0.1 M sodium borate buffer(pH 8.3)°]
HLL(Hippuryl- histidyl-leucine, Sigma)< 5 mg/mL(w/v)<]
LR 59 T 7|d = ARSIt ACE A3l 242 Als
50 yLell ACE 2849 50 LS 7}k th- 37Tl A 583
ofu] HkS-S Aj71 & 7]A 50 uLg 7FekaL ohA] 37°CelA
1A1ZF WAl 7T T2 1 N HCl 150 LE 7}eke] whe-g
FAIAIZ]1 AL 750 L] ethyl acetateS 78t &, 1%3F wyts)
3 PUAE-2]@C. 5,000 rpm, 10 min)d+ TS 500 (L] A5
AL At} o] ASHL 120Tal|A 3087 3| AxA|
#A 2 mLe] methanol S €& F 228 imol|A] E3 52 =36}
At HE2FEA = FE2E A FE289 50 1lLs 7kt
=35t o, AdAde A4k, ACE inhibition(%)=
[ 1-(Cabs-Saps)/(Cans-Baps)1X100: “Caps; HZET- T2, Sans;
ANE FEE, Bas AR F3H7FE] FBE oJste 4k
1)

HMG CoA reductase XN3igd &3

3-hydroxy-3-methylglutaryl-CoA(HMG CoA) reductase
A& 2 & Kleinsek 52| W (19)S W Esto] 43819
t}. $%%E 40 (L, dimethyl sulfoxide 40 pL¢} 0.5 yM
phosphate buffer(pH 7.0) 200 uL°l| 20 mM dithiothreitol 200
L, 0.3 mM B-NADPH 200 uLE ¥ 3 &3tttk o
37ColA 323} preincubationS &+ thS- 0.3 mM HMG CoA
200 iLE F7kste] 37°CollA 53 ¥HEA1Z1 F 340 nmel|
A FHE MaE 2geson, A2 A, HMG
CoA reductase inhibitory activity(%)=[1-(Caps-Sabs)/(Cabs-
Bab)]%¥100: “Cang; T FFE, Savs; A E FEE, Bans
A FAZITE] FHwre lste] AEdteivh

SAHIX

RE AL 33 R0 R Fste] Ao} BFEHUAR
YRR 3, 94 52 SPSS(Statistical Package for
Social Science, 12, SPSS Inc., Chicago, IL, USA) Software
package program= ©]-8-5}¢] F4F&4 2} Duncan’s multiple
range testE Y3
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Table 1. Yield, total polyphenol and flavonoid contents of Moringa
leaves extracts with different solvents

Bracts Yield (%) &‘;%‘ES}Z) (rgagmfymgfg)
Water 13.17£0.017* 58.04+1.58° 12.36£0.53°
Ethanol 7.4820.00° 40.72+1.53¢ 10.03+0.30°
Methanol 9.5410,01° 47.15+0.94° 10.6420.11°

"GAE, gallic acid equivalents; RHE, rutin hydrate equivalents.
IWalues are meanststandard deviation of triplicate determinations.
“Different superscripts within a column (a-c) indicate significant differences (p<0.05).
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mgmLZ 7HY £ ddS
47.15 mg/mL, €& FZEE°] 40.72 mg/mLE YESLTH
o|g1gt A¥l= Kwon21)2] vlot & FEEA & Z2]9
= o] 7P =A velgtia B gk AAvke dx)s)
St & EehEwo|E o B3 & F5E0] 1236 mgimL
2 OE o v3)] w& FFS JEudh FeldE
sEe AEA de EAlste s EEE 24
Well skt o]/3e] hydroxyl7 |5 7131 SlolA] =4 FoA|
2 Agata s T2 FHb st rlofgte2a it
3} DAS UEbdTh2). B3 Folu 84 ddo] Zg
=2 hydroxyl7]ll ether 2322 ZA)sl= 457 B2
t(23), ol & &3l S/3-&vljol] tHt Eside] Frtstd =
FEEAA =2 FFS Hel Zoz Alsd)

DPPH % ABTS 2iCjzt 27 &4

= 8 287 9 5552 DPPH % ABTS |z
2AGA]E 243819 a1 L AF= Table 29 2t} DPPH
ol 24849 9 500 mg%e] FrolM B FEE]

79.18%, \ErS FZE-0] 72.88%, MEFS F=Z50] 6841%

2 ueigton, 4 AFsPUA|AQl BHT(butylated
hydroxytoluene) 9} & —_ré%—o* vl w3t Az} 2b7} 77 18%,
719.18%% & FEENAN =& gz 2ALE S

ABTS &tz A9 45 50 rng% iEOﬂH %“é
th Z7-¢] BHT(98.65%) 5.t} w& 7k S =
N2.11%9] S Hol, AAH R B FEE9| g

32 A214 A6Z (2014)

27 At HE T% o Hl& wj§- =2 o= e
Wtk Choi 5(24)9] A, B4k 4%, <, a4t
213 T 1452 Ak Z%% | 50 mg/mL &=l 90%
o]/¢e] ABTS EM = *7% d< Yehiitha Bagk 2
Fhop vl sl S o, 2 AN AHEE RV & FEE
o] &/do] —"r?f&—% % ? ATk ) RE A7)

A1 ABTS 2tt]Z 2278 o] DPPH 2ht]Z &7 &g el H]
alo] e S Yehfe AL B2 AlA sk 717
21, 7]"e] ddlsles A =Tt th2us HolA 4de F
E""HE =2 84S e = Aoz AuEt(14). T3
ZZ gulld we} &g AE} o2 AL AERY
FAshe thedt ksl Bao] 30 ALed gale] 34
o eJsiA &8s = FErt thar] wiEo® AT THRS).
Rt FEEe] S EllE B Sehiecls 3
U 3 v w3k Az}, °*‘—Wl‘%91 LI

= 7— J-"J—'E- §]_2ﬂ—‘:'
Fakst G = %ﬂdﬂrL Seo 5(26)
= ‘/}E]r”] & FEE
o2 Jekdr)

FZ 48 22| By} oo ofdatd AAEA 2
AN AEze] A gl ege) lehs £215hs Rl
chelating &5 Z2AFSE A 7= Table 37+ 2T} 500 mg%-<]

Table 2. DPPH and ABTS radical scavenging ability of Moringa (Moringa oleifera Lam.) leaves extracted with different solvents.

Measurement” Water Ethanol Methanol Positive control, BHT
DPPH radical scavenging ability 2)3) b o

(500 me%, %) 79.1840.46 72.88+0.92 68.41%0.53 77.181.15
ABTS radical scavenging abilty 911146 72865140 TB6420.64° 98.65+0.12

(50 mg%, %)

The concentration of positive control (BHT : butylated hydroxytoluene) solutions were measured at 50 mg%, 500 mg%

MValues are meanststandard deviation of triplicate determinations.
IDifferent superscripts within a row (a-<c) indicate significant differences (p<0.05).

Table 3. Nitrite scavenging ability and ferrous ion chelating ability of Moringa (Moringa oleifera Lam.) leaves extracted with different

solvents.
Positive control,
Measurement” Water Ethanol Methanol BHA
(50mg%, %)
Nitrite scavenging ability a o b
(500 me%, %) 78.6410.63 72.8611.40 76.5910.64 93.04£2.12
Ferrous ion chelaring abilty 67.73£036™ 7.16:062° 4112026° 91.60£040

(500 mg%, %)

The concentration of positive control (BHA : butylated hydroxyanisole) solutions were measured at 50 mg%, and various extracts sample were measured at 500 mgf%

MValues are meanststandard deviation of triplicate determinations.
IDifferent superscripts within a row (a<) indicate significant differences (p<0.05).
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Lol A ol 2AZA S B FEE(78.64%), Ve
Z5(76.59%), A2 FEE(72.806%)2] o2 & F
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Fe**ferrozine 537 P4-S Wallste] dalo] Aal== ¢
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S 1 S H 63% o]/ Abol7h vEh e, thx
- BHA(butylated hydroxyanisole)2} ¥] w1915 wj 8w 7H
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oo 35 18 3 2 5 Fal Aol AAE ferrous
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a-Glucosidase, ACE & HMG-CoA reductase AsHI&A

FEEE 2 27 o FEE9 a-glucosidase,
angiotensin converting enzyme(ACE) 3 HMG-CoA reductase
A2 248 A3 Fig 13 2rh dukxg o= g
-glucosidase = 227 73| Al 32 9] v|Al-g- 2= (brush border
membrane)ol] EA3E FAEA, LA SAE Fo

ARS TGy 2 oz Easte] F5AT «
-glucosidase #1314 = o] BF] THEALE 7HHH0RE
Aste] gtz 48 A= 9&E o, &%
ARl 2=go] FEo] A5 T oS e It

(30). 500 mg%2] oA a-glucosidase A3 &2 =%
skl om, oluf A28 Pz BA| 2 220]+ acarboseS
A zdoz sto] vlusigitt. 1 A% & FEE9
1249%, oe-& FE50] 91.27%, WehE F=E0]
o2 Yehon, 7HY =& A& Bl oekE &
B2 22! acarbose(500 mg%) <}t HlS=gt A 3] &4
= B3tk Xu TGN EFH FEEAA F ds
DPPH &t Z &4 %0] HSF5 a-glucosidase®] &7 0]
0 Hustglov  dehs ke ZAEke YER
o w2 AFoM s ZE7F 49 e FEE
¢ a-glucosidase 27 A EHE HG o
T 3YE Ze $EEH EAd &8d F 3
setE

ACE(angiotensin converting enzyme)= 8¢ 5 2 -+
of F93t s ke TAEH], o] 2-8-2] noanpeptide
¢l bradykining ESHSAF C2A S A=
285 gt} mEbx] ACE €749 dAle arss 9
A FEAFE Tol @4 W= T24E U= Aol
tH32). ACE Ael 42 & FE&°| 3481%, old2 +=
5 9 ek F250] 47} 2768% 2 27371%= B FE=
oA =& A YERA o oehg mee =
& o421 Abol= glith ACE #131 €42 Ahn(33)2
Kim 5(34)] A+ Haol m2H 2 Exde] 5 g
HE S| A8 o3t 7teAo] o BaAd E
AT APl = Eelvs o] 2ae} fAkg AR
et ACE A3l g3fel Zeldze J3o] & Aoz
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Fig. 1. a-glucosidase, angiotensin converting enzyme (ACE) and HMG-CoA reductase inhibitory activity of Moringa (Moringa oleifera

Lam.) leaves extracts with different solvents. (500 mg%, dry basis).

Values are meansistandard deviation of triplicate determinations. Bars/mean values with different letters are significant differences (p<0.05). The concentrations of positive control
(AC, acarbose; CA, cathechin; CHA, chlorogenic acid) solutions were measured at 500 mg%.
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24 54e vtk FE5ES 5(13.17%), MIES
(9.54%), I €r-2(7.48%)2] o &2 Uehon & Zolds
LA 747t 58.04 mg/g,

1236 mglg© = ThE Gfjol Hlal =& ghe BEick kst
AL B FEE0] o, vee FEEd v F9%
o2 =& 45 YeRllen 53] DPPH % ABTS 2Ht]
Z A FI7<l BHTO Blwelsls wf vl st
= Kol F& st SA2 gRlskith a-glucosidase
AL e FE2E vlal deE FEE0lA 7P
< 2295 YeRIIth 39 ACE 2 HMG-CoA reductase
AL & FEENN =& @4 Bilen 59
HMG-CoA reductase A3l &/ 7%, AAH o2 =& A
LS Yelfo] Zu|2EE A ool Uit 7Fe S
gRlsislnt. oleldt AHE T8l & wf & FEEo] of¢

T2 ZAA-FEE A A21HE A6E (2014)
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