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Antioxidant Properties of Unripened Apple Extracts
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ABSTRACT

The purpose of this study was to investigate the antioxidant properties of unripened
apple extracts. The amount of total flavonoids in the peel and 5/30 samples were 2.7
times and 5.0 times higher than the flesh and 6/30 samples, respectively. The degree of
angintensin 1 converting enzyme (ACE) inhibition activity in hot water extracts was
higher than the other extracts. In the 5/30 sample, a 0.1% concentration of unripened
apple powder showed almost the same electron-donating ability with a 0.5% concentration
of the 6/30 sample. More than 90% of the electron-donating ability was observed from
the peel extracts regardless of solvents used for extraction. The nitrite-scavenging effects
of acetone and methanol extracts of the 5/30 sample were the strongest at pH 1.2, and
especially the 80% methanol extracts exhibited a powerful scavenging effect of more than

90% at pH 3.0.

Key words: unripened apple extracts, total flavonoids, ACE inhibiting ability,
electron-donating ability, nitrite-scavenging effects
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F&89 Mx= MapA(Color and Color Difference
Meter, UC600 1V, Yasuda Seiki CO., Japan)E o)
&3t L(F:), a(FAE), (B E)3E S35}
Pom, FFMT/L =100, a=0, b=00]]c}.

4. EEeiE0l=

vsAbTte] Z Rjol tidt FEepR oS 3
Fe FHAAZ BL 05g9 50%(v/v) methanol &
F 60mlE 713t 80TCONA 1A3F ERFE F
Wz}sta 50% methanolZ 100ml BL3e o3}
& ARG A gog AMG-EHTE APl diethylene
glycol 10mis} A} 1miE s} & £33 T o
719] IN NaOH 1miE 7}5}9) t}A] & Egsin
37CAAM 1AZ 7F F 20mmA N FREE =
A i B R B ETFISERT 1990).

5. ACE(Angio covering enzyme) X{sl|=t2

ACE H#l%ge] =42 Cushman? Cheung
(1983)] We] me} FEES TAUXT B2
3 Fa40 89 ARz 2URAG Z AR
5089 ACE Z& 49 50u0, 10mM sodium borate
buffer(pH 8.3) 1004E 7}3F ¥ 37C shaking
incubatorol| A 5E3t REZ-AIZTE o] ¥k} 7]
<! hippuryl-histidyl-leucine-& ) (HHL, 27mg/2.5ml
in sodium borate buffer) 5002 7}3ted 37T oA
3083 vE3AIZ F IN HCI 25008 7}3te] wb
2 Z28AZh o 7)o ethyl acetate 1.5mlE 7}
&t} vortex mixer2 15Z&7F A& 3 3,000rpmo)]
A SEZ dARE F AT ImlE HIATh
o] A5 NS Temp-Block heater2 AZXA F =
54 3mlE 718t £8A12] ohE 228nmol A F
BES 3% ARWATH AT W
&2 ZA3A

6. ORI AAATES

obFdd AAZEL Kato 52 WHH(Karo et
al 1987)2.2 NaNO; 89 2mlo)] ARBFTE] F&
% 1mig 7}3k3 0.IN HCI(pH 1.2), 0.1mM citrate
buffer(pH 3.0, pH 4.0, pH 6.0)S A}-8-5to] wkg-&
Kol pHE 4 ZAste] uhg8de] RoE
10miz &Pt o] A& 37ToA 1A ¥4



N F 4 s 1md FHIAd 2% 248
5ml, Griess A|9K30% Ao 2 247t ZAF 1%
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A3 o A 1583 A §F ERRTA
& AH83te 520mme) A FRHEE S AE
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FA ZHFE 04ml F}sto] 47|19 2wy
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7. HABOINES

Pl Ale 2oy 2&8e) WaHEod 2 electron
donating  ability EDA)2 Blois®] HM'H(Blois
1958)¢ WSl ARG 24 F2A aa
diphenyl- -picrylhydrazylDPPH)ol th %+ A2z
72 AERe FYEs EHIAAY. F FEE
0.4mid] 2x10*M DPPHE-<Y(absolute ethanolol] £
g) 0.8mlE 713+ ¥ vortex mixerZ 103+ e
B 108 F 2AAEAE AHESA 525nmof A
F2EE QA AATAEARE AEH
7 WARA e A% FUEE AMgsiol
WES(%E JeRIAT

m A= 9 2%

1 AMe

M3t F 70973 69308 AHG vHAHE
Ty, FEHRAA) R At AAT AAFAH
S+a)2 MEF oS FEART Eddd 4]
O F79 Sz FE2H FEE9 HA=E ¥
WE AT Table 13 2ot HE9 3¢ A543
£E22 90.13-91.122 u©|&Alge] Rod nia
el YEhR] Ftert 75% oMHER 80%
HEgLFEEL2 86.70~94.7098] Mg Bo) w
€ Aolg B S>3+ u>H e Fog
vebgth E£3 HAse d5FEE Bfde
Z} R9d Aol Rolx| Ygtor} oM E
§EFEEL AIRAY HYET & F9

g 1 & 202 Yehon, 53 75%

DjsAlnt S0 F&S9 gasty 13

OHEFEESY oY FHAZI 4492 7
R FE Bo & B9 FoHQ zol7) 9l
5 ¢ F A BAEE FEFEENA &
BI7}l 3.14~3.772 F&ET zo)r} oy of
A WeeFEEe] 29 3y 299 Jax
7} 1252, 10972 53] 4 Jeixted, 75% o}
HE>80% HF-EFEE] £22 7 gl ot
2 f93 Aol BT ol £99] olHE
FEE0 dF FEEY PN EY EA UEhd
A7 (Kang 1996)%} FALGE Aok

Table 1. Lightness, redness and vellowness of
unripened apples by parts and extracting

conditions
Extraction .
conditions Lightness Redness  Yellowness
Hot Water
flesh ®91.12 *0.14 *3,14
whole 90.26 0.11 *3.56
peel 90.13 *0.10 °3.77
75% acetone
flesh 94.05*  ¢1.03A  *3.11°
whole 91.38*  c¢-146B  °5.24°
peel 86.70°  c449C  12.52%
80% methanol
flesh 94,70 079" 2,29
whole 91.68*%  p001* 4,728
peel 89.19° *287%  *1097*

A~B means Duncan’s multiple range test by parts.
a~c means Duncan’s multiple range test by different
extracting conditions

2 BEBRETO|I=

vlgAtstel AHAZNE, F4E FEHE X0
=9 #FE Z4T Ae Fg 19 Yelut gloh
Do RA7} 657.11mg% 2 H-K5-919] 239.72mg%
Bo 27 B2 §FS BAon, visA# 4
gt A Ao A& BEIA Fe AR
@S+ ol A R FTHEQ
350.87mg%e} AFE YR FEAZ)7L
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1,706.4mg% = 64 304 2] AR} ¢ Suf 2 A
o2 Jehutch

Total flavoncids (mg%)

S5-1 flesh whole peel

Fig. 1. Contents of total flavonoids in unripened
apples by parts (s-1 : 5/30, whole)

3. ACE AN3l|&t2

59 309 FF3 vigAtg SWFEES Y
o2 FPAEAL2 7IA= angiotensin UE A
A3l angiotensin 1 converting enzymeol] ©]X]+&
93-S ZAW AT Fig 29 2o vsAH
2289 A% &80 BAGlel 50%7]%
ACE A#FE-& BYoV FFFEE°] 471%
271 a2 F 7P w3tk ol €Y FEE9
ACE Asjasdr G5F&E0] olE FEF
of ulg) & 10% T AHEL BRdE A
(Kang 1996))¢} F-AFetA Tt
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Fig. 2. Inhibition of angiotensin | converting in
unripened apples by different extracting
conditions

4 MXB{EET

vlgA g BelFEEe] AATAREE 2A
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ZFd BAglol FEE] AR AHEE AFY
Fx7b Fohstel el ARFARELE BF U
3 3eg Jelsth ao-diphenyl-B-picrylbydrazyl
(DPPH)ol| thdt F&E9 AAFH Ade g5
FZEROE 75% °HE, 80% HESFEEC]
¥ Aoz Jehgout 49X AHSE FEE
Azg vlEAlg Bge ¥ & 45 &0
Zke] xole HUth WAt FAEE E o
05% %5 FHuR9s}t 520-81.0%%2 =4
FEENT RN26L1%E M RS 53] 3
AR YE AR 1.0%FENA F2gd FAU
o] 90%olde] MAF EZE JEUT. ¥
A1 FEA7EE B o 59 309 433
ANEE AMES FEEL FIsAE BEER
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Table 2. Electron donating ability of unripened apples
by parts and different extracting conditions
(%, dry basis)

5/30(whole) 6/30

Extracting flesh whole 1
0.1 02 03 pee

.oondilions 05 10 05 10 05 10

% % %
% % % % % %

Hot
water

343 69.3 91.0(32.2 72.3 34.3 81.8 52.0 90.1

75%
acetone

80%
methanol

56.1 71.8 93.7|61.1 91.1 80.4 95.1 81.0 95.3

44.1 74.7 94.3155.1 84.8 71.7 94.4 81.8 953

5. Ol A 4TINS

59 309 +8% ARd FEe 234uE
el Qe 2229 oAALARES £
AV ATHE Table 33 2t 2&8vlo] BAG
o uhg pH 12004 7% 58 olAVALAZE
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Table 3. Nitrite scavenging ability of unripened apples
by different extracting conditions(5/30-whole)

(%, dry basis)

Extracting  Conc. pH pH pH pH
conditions . (mg%) 1.2 30 42 6.0

5 56.60 41.14 422 0
Hot water 10 5517 3791 601 0
15 9622 5516 9.78 0
5 7723 5133 271 0
75% acetone 10 9116 6492 11.68 2.68

15 9695 75.02 2348 O

5 9421 8659 1462 896
10 9626 8836 3235 1694
15 9651 9577 46.18 37.32

80%
methanol

69 309 A3 A5 ELE 01252 A
3t A& FEE Y oA FY AL AR L (Table 4)=
2ojell #AQC] 80% M§EL Lujz A EF
A4 7t E9t3, v pH 12004 Tuje) AS
GF3EE0] 70.65%, 80% WELFSEo) 8525%

Table 4. Nitrite scavenging ability of unripened apples
by parts and extracting conditions(6/30)
(%, dry basis)

Extracting
flesh hol 1
conditions 1 Whoke  pee
pH 12 2563 1202 7065
Hot water

pH 4.2 6.92 9.10 9.19
pH 1.2 19.53 2184 8002
pH 4.2 9.70 9.38 12.19
pH 1.2 71.66 7166 85.25
pH 4.2 40.72 4072 41.58

75% acetone

80% methanol

DISAIDL Bof £&Se| Bus 15

2 U8 294 vE & olANGLARES
EQY ey 80% vk E3EEL Alge B
el BAQe] e BFEE By oA NEA
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e zolE JEehlA] Fo 75% obMEd
80% WEEFEES T Qe AolE R
FE>A3+0>7ue] ¢o2 yehgth A4
TE oMHEH WELFESELS ARy HA
Tt e R HlE €53 e Aoz ye
el 8 FATE 75% oM E>80% WEre:
SEY ¢ 2 7 &ujd W& AolE BYY 5
4 30¢ % Alie BUEE 0.1%40A 69
302 Alg9 05%9F AN HAAFAEHE B
A3, AR e FE24v Aol 90%0]
o] A3E Jehiuth =3 59 30d 279 o}
ANILAZLELE FE 8o FAglol pH 12
AN 71 w3, 53] 80% W§EFEEL pH
30014 & F&EFE g o 90% 7ie
EHE Btk FEGR = FFe Hup
A7t FEF9Ao w8 2.7u), 59 304 A8} 6
4 309 AlsxY 56 &%)
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