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Abstract

Haw(Crataegus pinnatifida Bunge) belongs to the rose family and has beneficial health effects such as anti-obesity and
gastroprotective activities. This study compared the antioxidative activities of various solvent extracts from haw. After
removing seeds, pulpy was extracted with 70% methanol, 70% ethanol, chloroform :methanol(CM, 2:1, v/v), n-butanol, and
ethyl acetate(EA). Total phenol contents were 71.46, 70.41, 47.63, 47.49 and 45.95 mg/g in the 70% methanol, 70% ethanol,
CM, n-butanol and EA extracts, respectively. Total flavonoid contents of CM and n-butanol extracts were higher compared
to other extracts at 1.63 mg/g and 1.59 mg/g, respectively, whereas EA extract had the lowest flavonoid content at 1.12 mg/g.
Corresponding to total phenol contents, among NO, radical scavenging activity, antioxidant activity by B-carotene bleaching
assay, and superoxide dismutase(SOD)-like ability, 70% methanol and 70% ethanol extracts showed higher antioxidative
activities than the other extracts. However, the lowest activities were n-butanol extract in NO, radical scavenging activity as
well as EA extract in antioxidant activity by B-carotene bleaching assay and SOD-like ability. These results suggest that haw
extracts are available as a new natural antioxidant, and its activities are attributed to antioxidant substances such as phenolic

compounds and flavonoids.
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2 fFe29, #2714 B vlE S5 dfeka sledl, &

nulg FollA ZHE, Zge] ol o deA 313(Chon
et al 2005, Lee & Lee 2012), <F2] A4S 2+ cyanidin-3-
galactoside, protocatechuic acid, hyperoside, isoquercitrin, pyro-
gallol, ursolic acid, corosolic acid, (—)-epicatechin 5©| <&
A ATHKim et al 1993, Oh & Kim 1993, Park et al 1994,
Liu e al 2010, Ryu et al 2010). 2bAFe] ) @A) o2& ik
SKLiu et al 2010), FEHARyu et al 2007), F(Ryu et al
2010), FENWA3 5 (Lee et al 2003), FAEZ(Kwon &
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line phosphatase(ALP), lactate dehydrogenase(LDH)2] /42
HaAA 3 £ A g3t ik Bad vb 9lvk(Seo
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oA AAPskE AAE 20119 10Y Sk Aol 382
Eosle] 21F 524 AXEYELA, FDU-2000, Rikakikai Co.,
Tokyo, Japan)A|71 & ¥4)7](DCM-5500, Dae-Chang, Seong-
nam, Korea)® v}ajste] —80C(SW-UF-400, Sam-Won Co.,
Busan, Korea)ol] A3t 2 A3 AFE-319]

2. Mg F&
A9 g FE2 Fig. 13} Zol, 24} 28 2 100
goll 108l(1:10, w/v)2] 70% methanolS 713l 2441314 &
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23] FZ3IAT) E3F 70% ethanol, chloroform : methanol(CM,
2:1, v/v), n-butanol, ethyl acetate(EA) &1lE 7}sle] A3t
WO 2 &3 o, o] A](filter paper, Advantec, No.1)
£ o]83l] st A7E 2zt F=ZE-S rotary evaporator
(EYELA, N-N series, Tokyo, Japan)E ©]-&-3j 40CollA] 2t
F5ote] &l &8 AAR & w5E= —80C(SW-UF-
400, Sam-Won Co., Busan, Korea)ol] E#3}HA] E 23 o]
AR ARSIl oM, AR T2 5 A AR T !

g 3% Az T NEEE JehAthJang er al 1996).

3. Total Phenol &%

Total phenol ¥ Gutfinger T(1981)° &3l Folin-
Denis” i ol] whel Z7g3t5iet. A& 0.4 mLol DW 4 mL 3
Folin-Denis’ reagent 0.5 mLE 37}sle] 383 X3t &,
10% Na,CO; 0.5 mLE 7}t A0 A 1A]17F 59t HES-A
At #hg-A o] FF == UV/VIS-spectrophotometer(Specord
200, Analytik-Jena, Jena, Germany)E ©]-8-35F] 700 nmol| 4|
4o, AFEAZE caffeic acidE AHE-31H o™, A&

1 g F caffeic acid mgl 2 EAISFI T}

4. Total Flavonoid &H
AAL gl FEE9] total flavonoid S AlE 1 mLo|

10% aluminum nitrate 0.5 mL % 1 M potassium acetate 0.5

Preparation of haw(Crataegus pinnatifida Bunge)
l
Washing and removing seed
l
Freeze-drying and grinding
l

Powder extracted with five solvents
(100 g, 1:10, w/v, 24h, room temperature, dark condition)

l
Filtering
l

Residue extracted with five solvents
(1:10, w/v, 24h, room temperature, dark condition)

l
Filtering
l

Concentration(rotary evaporator, 407C)

l
Storage(—807C)

Fig. 1. Processing procedure of haw(Crataegus pinnatifida
Bunge) extract.
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mL, 80% ethanol 2 mLE &3}5te] 408 A A1Z1 3 UV/
VIS-spectrophotometer(Specord 200, Analytik-Jena, Jena, Ger-
many) = 415 nmo|A FFEE Akl F gt EEE
AR E quercetin® AFE3F 0T, A|F 1 g T quercetin mg

o2 YehlthMello er al 2010).

5. NO, Radical Scavenging Activity X

obAAA A7 %%S Kato er al(1987) 2 Lee et al(2006)2]
WS M ste] 24319t = A5 1 mLe 1| mM sodium
nitrite 0.5 mLE Z%3}°] 0.2 M citrate buffer(pH 2.5) 8.5
mLE H7HeE £, 37ColA 1A13E vEgAIZ T whg< 1 mL
ol 2% acetic acid 3 mL 2 griess reagent(1% sulfanilic acid
in 30% acetic acid:1% naphtylamine in 30% acetic acid=1:1)
04 mLE 7FkaL 1583t Aol W27 F 520 nmell A &
FEE Stk AAF & FEE9] opEA 27w

& vl Ao olaje] et

C

Nitrite scavenging activity(%) = (1— )>< 100

A : Absorbance of sample

B : Absorbance of DW instead of sodium nitrite

C : Absorbance of DW instead of sample

6. B-Carotene Bleaching Assay

B-carotenecl| 19| &4tsl 2H8-2- Jeong er al(2008)°] HH
£ WHY3le] =3t} =, chloroform 10 mLel| B-carotene
1 mgs €-3l13+9] linoleic acid 20 mg 2 tween 40< 200 mg
7¥3}aL, rotary vacuum evaporator(EYELA, N-N series, Tokyo,
Japan)< ©]-8-3tc] 40ToA F53ATh F5E<] DW 100

£ M7kt & 2 Esle] B-carotene emulsions A5
t}. B-Carotene emulsion 3 mLe} A& 0.3 mLE &gsle] 50T
oA 2A1ZF WEEAIZ] 3 470 nmellA] EFES ST

So B 5120

— [X 100
B07B120

B-Carotene bleaching activity(%) = (1—

Sy : Absorbance of sample after 0 min
Si20 : Absorbance of sample after 120 min
By : Absorbance of blank after 0 min
B2 : Absorbance of blank after 120 min

7. Superoxide Dismutase(SOD) Like Ability
AL 3 g F=EE-2] SOD A2 Marklund &
Marklund(1974)2] Wiol] 3l 3tk A& 0.2 mL

HOoFA o} RATHEETE

ol 50 mM tris-HCI buffer(pH 8.5) 3 mL 2 7.2 mM pyrogallol
02 mLE 7}ake] 25TolA 1023 WAtk wh-g-lo |
N HCl 1 mLE 7}ste] 9hg-& ZHA|A17]aL 420 nmell A &3
T8 st on, oo Ad wEt 92 Jepfdch

SOD likes activity(%) = (17 SEA )>< 100

S : Absorbance of sample
A : Absorbance of DW insead of pyrogallol
B : Absorbance of DW instead of sample

8. &4 Xz

B4 A3le) 54 Aol BERT BEAAE AR
e AT} o k] Z}o]i= one-way analysis of variance
(ANOVA, IBM SPSS statistics ver. 21)2 2338}%] 31, p<0.05
=20l 4] Duncan's multiple range testol] &Jste] 2 A&+ 7+

o R4 g ASadh

1. T8
AAE Fhgol & 35 &2 Table 13 2Tk 70%
2 60.45+1.12%% F= &9 = /Pt =&
Ao 2 YEIIl, 70% ethanol FEE-2 59.79+2.26% %2 70%
methanol THFC.2 2 &8 HI o, F2FQ Aol
12Tk Chloroform : methanol(CM, 2 : 1, v/v) FE5-2 31.18
+1.53%%= 70% methanol 2 70% chtnaol FE& U202 =
2 &5 Bt n-Butanol FEES 13.24+1.06%2] &S
R o ethyl acetate(EA) FEE2 5.05:0.86%% F& &
n| Z fejdo g st e &3 JERITH

methanol &%

2. Total Phenol2| &zt

2RA} 35-2] % Sl total phenol & Fig. 29} 2
t}. 70% methanol FEE°] 71.46+1.68 mg/gl 2 F& 21
= 73 =2 dES JeERRI oM, 70% ethanol©] 70.41+1.47
mg/g®] S Hol 70% methanol THE-C 2 =7 UERte
U, F &1 25 e foAQl Aol7t gtk e, n-
Butanol F%%-& 45.95+0.32 mg/g?] Fow F= gvf F
frold oz 7 B Z o R e CM B EA FEE
o 717} 47.63+0.32 mg/g, 47.49+0.12 mg/g] TS YehY
o] oAl A= gle Aoz Yelydth it k82 E
ZHH total phenol®] TS vlwet A3} 2= 73,296 ng/g
oz Yeh} B A3 A7) 70% methanol FEE3} FAFSH
A2 JESTHLim ef al 2004). 3 A= 2p227] 2 5}
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Table 1. Yield of various solvent extracts of pulpy from
haw(Crataegus pinnatifida Bunge)

b} grE

Solvent Yield(%)
70% methanol 60.45+1.12*"
70% ethanol 59.79+2.26°

cMm? 31.18+1.53°
n-Butanol 13.24+1.06°
EAY 5.05+0.86¢

Y The data are presented as means+S.D of 3 times. Means
with different letters are significantly different at p<0.05 by
Duncan's multiple range test.

2 CM : Chloroform : methanol=2:1(v/v).

» EA : Ethyl acetate.

®70% MeOH ®70%EtOH  mcM2) mn-Butanol A3l

100.00

80.00

60.00

40.00

20.00

Total phenol contents (mg/g)

0.00

1.0 mg/mL

Comcentrations (mg/mL)

Fig. 2. Total phenol contents of various solvent extracts
of pulpy from haw(Crataegus pinnatifida Bunge).

" The data are presented as means+S.D. of 3 times. Means
with different letters are significantly different at p<0.05 by
Duncan's multiple range test.

2 CM : Chloroform : methanol=2:1(v/v).

» EA : Ethyl acetate.

FLHT} =& polyphenol FHFs AT Hixo] glo
(Lee et al 2009), 2} AlF T ¥ =S Yepd A2
Hakeh Aol a, o]59] @4kelE 2 flavonoidyt vita- min
CHT} polyphenold Sl 23k Aoz HuFoe] gt
(Choi et al 2003). 3-H, phenold B2 & o} o] Eaj|&
53l nitrosamine A2 A8, quinone &2 45} o] free
radical 27 55 53 dite = & veldtia sitKang et
al 1996). ¥ A& A3} 70% methanol 2 70% ethanol FZ&
oA total phenol g&o] 714 &2 Hoz YElT.

3. Total Flavonoid2| &tzf

2AF B 259 total flavonoid E- Fig. 33 Zth
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CM FEE°] 1.6340.00 mg/gl 2 +Z 8l F 7P =7 Y
Bt e, n-butanol &1l FEE°] 1.5940.04 mg/gS 2 CM
o ® = Yo, #2291 Aol g1lHh 70% me-
thanol®} 70% ethanol FE&-2 ZH7F 1.26+0.04 mg/g 2 1.26+
0.04 mggo = F2l#<l Afo|7} gl o, EA F5E0] 1.12
10.08 mg/gl 2 F= &1 = foJF o g g e ke
ioﬂﬂ- Flavonoid ¥ ¥F= @2 FEoAE &2 AR &F
Elittn BuEolAd i (Kang et al 1996), 2
A ‘;'-1 E 59 total flavonoid -2 SR A o &
t}a sFH(Goulas & Manganaris 2012), 3HH, 2FA} methanol
E-2] flavonoid g2 n-hexane 224 0.0180 mg/g,
ethyl acetate 2] &E°A4] 0.0096 mg/g, butanol & &0l A
0.0013 mg/g®] e Ho = &nfjo wet g 2ol &
B FTHRyu et al 2007). ©l& F& Svld] wE HE
z78 B3 Fol 2ekr7] Wil Ao HaEe] glom
(Jayaprakasha et al 2001), Wehx £ A3 A3}, AFALe] Lo

H ==11 ===

H F55 5 CM ¥ n-butanol FZEE9IA] total flavonoid g+
Fo] Ad =2 Zo= glEh
4. NO, Radical Scavenging Activity

NO= A E A7l B4 =2 A 24 dlofA] 27 ol 5
o179} vkgsto] Wk B2 nitrosamines F/d5kaL, A
ol AASH =W 2HE 55 do7)= o= A
o] FAA FH a3 ith(Jeong et al 2006). 2FAF 2H& SulE
FZ59] NO, radical 227 &L Fig. 49 o ZE A
8 FEoAM FoHor FTete AdFe UERITE 70%
methanol F+E5& SEHE 17—} 7.56£1.67%, 16.73£1.14%,

S

o 1o

m70%MeOH ®70%EtOH  mcM2) = n-Butanol Ea3)

Ho

1.60

1.20

0.80

0.40

Total flavonoid contents {mg/g)

1.0 mg/mL

Concentration (mg/mL)

Fig. 3. Total flavonoid contents of various solvent extracts
of pulpy from haw(Crataegus pinnatifida Bunge).

) The data are presented as means=S.D. of 3 times. Means
with different letters are significantly different at p<0.05 by
Duncan's multiple range test.

2 CM : Chloroform : methanol=2:1(v/v).

» EA : Ethyl acetate.
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31.5542.29% 5 YEo] &0 F5&E F /P & A &
S BYGARE 70% ethanol FE51(7.36+1.52%, 16.33+2.57%,
29.03£1.22%) % ol A%l ztol= ITE CM FEE2 5=
HE 6.75£0.46%, 15.02+1.09%, 27.9242.23%2] 27 A4S
YR T, EA 3258 S E 5.2440.87%, 14.42+0.60
%, 26.81+1.84%, n-butanol- 4.54+0.46%, 13.5140.91%, 25.91
£2.40%2] £A S Ko, CM FE5 0.2 mg/mL(6.75
+0.46%) 2 A|9)¥F CM 2 EA, n-butanol FZE7te] F-2o 7]
Q1 zpol &= ATk thZTQ] ascorbic acid= FEH=ZE 27.22
+0.46%, 45.16+0.17%, 58.27+0.80%2] ]2 Q1 x}o]= K.Y
o, & FEETHRE FoAQl Aol & eI A,
AbAL Bl 30l kel 2| &5 oAk AT 2HA}
7t T2 FEE Hlgte] A YElgtha BaseiA
w(Park et al 2006), AHA)L, 2}27), A Z, LS JdEE R
FEol T oA AATE ﬁ@oka’i—% ], Ak}, &
Z, A7), 3L TR 1S 2SS YEhfo] At
ooz 7MY Be oA S E%E}i By} gtk
(Lee et al 2009). Flavonoid 2]
2|9 phenolic acidE OP“ s Befglor =2 O}X—Jﬁ"é
2ATE
70% methanol 2 70% ethanol &S] =& O}Z—J*&"é A
A A4S B o o] 2FA} 34-8-9] total phenol $Hg A3}

s A% Ao e,

gle.

L
ul
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1~J
314
f;s
3
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O}
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3
e
i
o
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5. B-Carotene0l| 2|t &tatst 2
F= S B-Caroteneol| A 2] 4ksl 2H8-2 Fig. 59 2
o} 2kAF #43-9] 70% methanol FEES

0}_

B70%MeOH ®m70%EtOH  mcm? mn-Butanol Ea3l © Ascorbic acid
¥ 80.00
=
=
=

a

T 000 2
"
£ a
W z
& 2000
8 e
2 a -
— - T
m
o
5 2000 be e -t — —
=y 1} -
= B b g c
(a] -
Z 00

0.2 0.5 0.8

Concentrations (mg/mL)

Fig. 4. NO; radical scavenging activity of various solvent
extracts of pulpy from haw(Crataegus pinnatifida Bunge).
) The data are presented as means+S.D. of 3 times. Means

with different letters are significantly different at p<0.05 by

Duncan's multiple range test.

2 CM : Chloroform : methanol=2:1(v/v).
» EA : Ethyl acetate.

Duan Yishan + 7710} - AZ3}. o] 2 - AEA -

3 Holrlob fiEaarit
53.97+2.23%, 70.30+0.58%, 80.29+2.48%= i% | = 7}
2 =2 A4S Ve oL, 70% ethanol F+25(53.20+0.92
%, 70.02+0.92%, 78.45+ 0.96%)°] &7} Fo] Al Aol=
AT} n-Butanol FEE-2 32.10+:0.83%, 41.77+1.82%, 47.73
+0.78%, CM F=E-2 30.27+0.37%, 38.88+0.28%, 46.87+0.37
%2 TS JERIA L, EA FEE-2 25.68+ 0.90%, 31.67+
3.27%, 40.10£1.34% =% F= &1 F ez /g ¢
242 e tl 2791 ascorbic acide T E=EZ 93.02
£0.16%, 94.57+0.28%, 95.17£0.27%% TFZ &l FEE H]
st =2 &S UERAUTE B-carotene Atste] ol w
27 exlo] dojut=t), dteA7F A8 7$- free radical
= TSHAIA B-carotene®] BA-S Al stA HH, o|elgt
A& o]&3te] B-carotenecl| A 9] iks} 2Hg-2 S gt
3 4 A cHJayaprakasha ef al 2001). 2}2H]|2] <} B2
£ 80% methanol & F%3} B-carotene®l] th3t g2ks}l g3}
= F=7t S7Hste wet @A) Srkske Addeletar okl
THJeong et al 2008). TobAZ odlX] B X 9] B-caro-
tene A ew FSHT ] DAdo] o EA U e
gFaksle] -2 total phenol, flavonoid &3} U 3E Adge]
Atia HaEo] It Goulas & Manganaris 2012). & A3
Az}, 2L Z-52] B-carotenedl|A19] dHiksl /-2 total phenol

s+l FAFSHAl 70% methanol 2 70% ethanol FZEf| A
& Ao eIt} o]= AT phenol ¥ flavonoid &

o
L
1 A

oz FgHEr)
6. Superoxide Dismutase(SOD) Like Ability

B70%MeOH M70%EtOH ®CM2! B n-Butanol EA3)  Ascorbic acid

(%)

100.00 a 2 e

80.00

60.00

40.00

Antiokidant activity

20.00

0.00

Concentrations (mg/mL)

Fig. 5. Antioxidant activity of various solvent extracts of
pulpy from haw(Crataegus pinnatifida Bunge) by (-carotene
bleaching assay.

D The data are presented as means£S.D. of 3 times. Means
with different letters are significantly different at p<0.05 by
Duncan's multiple range test.

2 CM : Chloroform : methanol=2:1(v/v).

» EA : Ethyl acetate.
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2WAF el 9lojA] &uid F=E5 SOD A 2492 Fig.
67 2Tt 70% methanol FEEL A8 Fxd| w}a} 12.57+
0.00%, 13.31£0.92%, 14.64+0.92% % 3% &1 = Foj& o
2 7P =A YER o™, 70% ethanol©] 10.50+0.68%, 10.65
£0.51%, 11.39£0.26%= 70% methanol TF- 0.2 f-o]& o7
2 IS HITk CM FEE2 8.14+1.17%, 8.58+0.77, 9.47
+1.60%, n-butanol FZE- 5.18+3.02%, 6.21+1.36%, 7.10+
1.28%% YUEl}a, EA FE258 2.81+0.44%, 3.11+2.89%,
42942.19%% = v T 7P S S-S Bk g2
2l ascorbic acidt= FE=HE 19.82+1.43%, 44.23+0.68%, 74.85
£0.26%Z YeRY} Sujd 2 EHT foFoz w2 &4
© 2 FIH It} Superoxide radical> A A ¥ AksHE-S A4
o] M3 ¢3S Z31=), superoxide dismutase(SOD)E ©|
23} superoxide radical S 2A3HO, +0,  +2H+—0,+H,05)
o =24 gitsl g5 YeRNH, SOD fFAFEAS-S o] 9} vl
g 28-S ke AR AAkslE oAlst f8e A
S Yehdtia d#lA JthMcCord & Fridovich 1969, Lee
& Bae, 2011). AHAHE &3 Qu|A}, Ak, 7hx 9 2]
5o kgl Eo glojA] SOD AL AR =& AR B
15012 E=H(Lim e al 2004, Kim & Choi 2008, Park er
al 2008), SOD®} 22 4ks}l Fae XA 7ksl A9 o
2] superoxide radical®l] et WA ZHE 7 4= ik
SFHMcCord & Fridovich 1969, Sung et al 2000). wh2hA 4t
A IS FEEL olg g AHE ke oA A8 Fol &
Aoletal AlsHrh

2 o

el el Qe AR Bde 54 Fopun

il

= 70% MeOH ®™70%EtOH ®wCM2] mn-Butanol Ea?l  Ascorbic acid

100.00

80.00

60.00 —

40.00 —

a
20.00 1 T I —
S de ° c d o C de e
e ol e
Bl NEei:  HEEs:
0.00 T T
0.2 0.5 0.8

Concentrations (mg/mL)

Superoxide dismutase like ability (%)

Fig. 6. Superoxide dismutase like ability of various solvent
extracts of pulpy from haw(Crataegus pinnatifida Bunge).
Y The data are presented as means+S.D. of 3 times. Means

with different letters are significantly different at p<0.05 by

Duncan's multiple range test.

2 CM : Chloroform : methanol=2:1(v/v).
» EA : Ethyl acetate.
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