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Abstract

The chemical composition and antioxidative activity of kiwifruit varieties in Jeju, such as Jecy Gold (Actinidia
chinensis var. 'Jecy Gold'), Halla Gold (A. chinensis var. 'Halla Gold'), Jecy Sweet (A. deliciosa var. 'Jecy
Sweet’) and Hwabuk 94 (A. deliciosa var. 'Hwabuk 94') were investigated. The crude protein, crude lipid, and
pH showed no differences among variety and maturity whereas the moisture contents showed differences among
the variety and maturity. Jecy Sweet in mature stage showed the highest values in soluble solid, crude protein,
crude lipid, and crude ash. The changes in chemical components of kiwifruit by maturity stage were as follows:
during ripening, the glucose and the fructose contents increased considerably with the decrease of sucrose
content. Potassium, phosphorus, sodium, and magnesium were estimated as the major minerals in kiwifruit and
Jecy Sweet contained the highest amounts of potassium and magnesium. At maturity stage, ascorbic, malic
and lactic acid were increased with the decrease of citric acid content. The polyphenol contents were 26.81~56.10
ng/g and 8.64~26.45 pg/g, respectively, in immature and mature fruits. During ripening, the polyphenol content
was decreased. The DPPH radical scavenging activity of methanol extracts were 84.47~89.37% and 43.94~
76.96% at 500 ppm, respectively, in immature and mature fruits. The immature varieties of kiwifruit have a
high DPPH radical scavenging activity. Therefore the chemical composition and physiological activity of kiwi-
fruit was affected by variety and maturity.

Key words: kiwi, chemical composition, polyphenol, DPPH radical scavenging activity

M =2 Fohe o] B8 Fole 9l #3 a2l actinidine] ¥

frElo] Qo] &35 A8o] U, HIET Ce 23R, 2

Ade G I Acinidiaceae) TFN VS (Actinidia) 7], ¥, A T FAREG FhHEgo] 52 AoF By

o &3le thdA A-3olF9] B2 YEHAFEA, A AlA Ha gtk 2 9 22 Y JlREHRE, 9 E, 5

Ao 2 64%°] ¥HA Ad=d Fuldle (A arguta), F Hirol=el 22 A 4EHL SR IIAIEE LA

el (A. kolomikita), Nl (A. polygama), AN (A. ruf) = k) 22, Aol fE AFe R F4 AHIE 53

T 4% B3 Utk e uF-& F AR Ue FF HEA EFE, g Mxeoge o] F4E 24

° 22X A delicosadl= ZFHHlE &) % Hayward EZ0| oM o] A4S At AR HuEo] g} &I

A3, A chinensisoll= A== T=7)92 &R Hortl6A Ao ole FALH AR 59 714k EAst 9
FTol A AAHR FEstEa Ak HZele g A FHE 7HRta RaEa JIth5-14).

E]-Ok?ﬂ- EZE0] MdEo F=2 Fafot e} AlFxo St FHZde FoErt &, B T AW o) H

A A= I low 1 AgbeEe djuitt FhE I ATHI-5). vl A &3 Sl &g 17 75 g e wet o

*Corresponding author. E-mail: shlim@jejunu.ac.kr
Phone: 82-64-754-2136, Fax: 82-64-726-3539



344 @A - A - FED -

el 9 2L wohFol Frhsha Y FAoIh 1 @
A el A Bl AuE s g Gk Bl FAu
SolA e FEole v 2P S AEatn Qow of
AN S g BHe 23 Aok $EAF A
FRAAEA oY LIS Y
9% EFO) T Aol WE =g B
A YA 2 9FEE] e FAHS Foln 19004
FURE S8 2F FFS NSl gk 1 AW, A2
of cheyg Aol Foiels wieh B A58 FEEC]
BuHT ok B8 #5 $IFFOLA TS A»
=9 @eBsd SAEE ANLNE D H20 FS
o 7kl REFHOEA 2NN ¢HESED
o] AAFE 1 Slek2-5). WekA Friele] zplsHe] Y=
T ohE ABE HH T Qe ARAA, Freel F
0E olsen 4 L 4B R Aot Bas
L ELR %—z Py % AT 2 At
4 277 Bads

0:

o

(
)

AL d

32 o) lo &L
ol
i)
g
ot

o
i)
ot
[
ot
]
oX,
tlo
)\
g
2
A
e o
[N
2
pi=

9‘1"

deiRiz U FES Mz

==
2 Al AR okl F
AT HBA G F7holA

Z(Table 1) 20079 11€ 9
Ge AN BE, dehEs

ANZSIE, FHAASHAE £330 5 AT A
w e shHos0]), 58 F 1°Col A 6427 AFH

/\}ﬁo}ﬁ‘:} veie 22
At & WA HAsHEA AlEE AHESEA T oty
B2 AEE 80% WEgEE FE39 o (Advantec
.2, oyo Roshi Kaisha, Ltd., Tokyo, Japan) & &33+
% Z3to] YR ASHA APl A3 F=
13744 B, ANEETF 44.31%, SEEES
50.56%, AA| 2= E = 39.10%, 3594 F5-2 44.90% A0

A ol A 2008 7~8L

% r

%3ke] A9, AXFET} 42.79%, I EE 43.01%, A
/\]Z:Hlét 37.33%, 3594 F52 43.97% 90
AniE
AuAE FEe AF AN B 33 e S

Table 1. Jeju kiwifruit varieties used in this study

Sample Common
name name
JG Jecy Gold
HG  Halla Gold
JS Jecy Sweet
H94  Hwabuk 94

Scientific name

Actinidia chinensis var. 'Jecy Gold’

Actinidia chinensis var. 'Halla Gold’
Actinidia deliciosa var. 'Jecy Sweet’
Actinidia deliciosa var. 'Hwabuk 94’
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Table 2. General compositions of Jeju kiwifruit varieties
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A7 Al Hayward, Allison, Monty, Bruno &= z+7+
142, 12.3 136, 123 Brix2 F%%¥ 2% o]z} AR om,
Kim S$(3-5)2 Jecy Gold F%0] 14.8 Brix, Green King
%2 154 Brix2 Ruslgth B A7Aas A3 Aot
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FAF Fohe o] o)shehA %él S0l % 1rel v Ao

é m{o oy n{m

£ nolt AL AWML, B 53 2 ANBE) Ho]
B o A, F59 Aolold S AohE AR
o,

Relg B

AFE Aol FE5 FRE e FET

o
M
1
e
i

Immature Mature
JG HG JS H94 JG HG JS H94
Moisture (%) 90.224+1.25" 90.78+0.18" 90.40+0.04" 87.060.29° 88.194+0.26™ 87.50+0.34° 83.40+1.58" 88.27+0.43™

Crude protein (%) 1.07+0.06° 1.04+0.04° 0.26+0.02
Crude lipid (%)

Carbohydrates (%)

Crude ash (%) 0.48+0.02°  0.43+0.00" 0.64+0.01
pH 3484006 3.47+0.03" 3.66%0.09"
Acidity (%) 1.00£0.02"  1.13£0.04* 0.9440.04°
°Brix 4174029  350+050" 3.83+0.58

0.85+0.03
0.003£0.00"  0.003+0.00° 0.002=0.00" 0.004=0.00"
861121 7724015 7.72+0.07% 11.53+0.32
0.57+0.00°
3.47+0.05"
1.03+0.04"
650+1.73°

1.194+0.03*  1.12+0.07" 1.58+0.05" 1.08+0.10°
0.003£0.00"  0.002+0.00° 0.004%0.00* 0.003£0.00"
10.11+0.28" 10.76+£0.27° 14.25+1.55" 10.04+0.33%

051+0.00"  0.62+0.00° 0.77+£0.02* 0.61+0.00"
3394+0.02" 348+0.12° 372+0.05" 3.77+0.22°
0.67£0.02% 0.7240.03" 0.65£0.04° 0.43+0.01°
120+040° 12.13+0.42" 16.13+0.81* 12.73+0.64"

The data were expressed as mean+SD of three determinations. Same letters (a—f) in

each row are not significantly different

at the 5% level using Duncan’s multiple range p<0.05 in ANOVA test.
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Table 3. Free sugars contents of Jeju kiwifruit varieties (unit: mg/g, wet basis)
Immature Mature
JG HG 1S H94 1G HG IS H94
Fructose 3174053 213+0.71%  221+036% 1081+537 4249+352" 40.45+1.79"° 5477+£551* 44.34+2.56
Glucose 202+049° 205+071° 295+053" 1595+0.21° 40.88+1.23" 36.46+297" 55.02+519° 3955+3.19
Sucrose 0.85+0.06° 0.32+0.16" 097+0.09° 154+021"  207+000° 038+0.33" 046+047°  052+0.54"
Total 194+1.00° 449+151¢ 6.14+0.83% 28.35+1151° 84.06+550° 77.30+5.02° 110.25+10.40° 84.42+533"

The data were expressed as mean=+SD of three determinations. Same letters (a-d) in each row are not significantly different
at the 5% level using Duncan’s multiple range p<0.05 in ANOVA test.
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SheFo 0.33~2.11 g/100 g2 Haste] #A|FAF ok o] #
o] =& &7Fo| il Jeong 5(6)2 fructose’} 1.86 g/
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acid, citric acid, oxalic acid, tartaric acid’} A& o4,
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F malic acid®] ¥l zZkel7F A=, & A742
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Table 4. Organic acids contents of Jeju kiwifruit varieties (unit: mg/g, wet basis)
Immature Mature
JG HG 1S H94 1G HG 1S H94
Oxalic 0.12+0.07" 0.20+0.08"  0.09+0.02" 0.07+0.03" nd nd nd nd
Tartaric 0.31£0.01" 0.46=0.01" 0.73+0.13" 0.46+0.19° nd nd nd nd
Malic 1.724047°  319%0.22°° 258+0.44% 406+1.23¢  390+1.13¢ 4224+040° 573+0.62° 7.75+1.23
Lactic 1576 £1.31¢ 20.41+£1.34" 24.02+256° 1505+2.66° 2284+031° 2261+253" 2324+235 1891+1.77*
Citric 0.38+0.14"  1.09+0.06™ 0824057 053+0.03™ nd 0.49+0.22™  053+£0.21™ 0.01+£0.24
Total 18.29 25.35 28.24 20.17 26.73 26.72 29.50 26.67

The data were expressed as mean+SD of three determinations. Same letters (a—e) in each row are not significantly different
at the 5% level using Duncan’s multiple range p<0.05 in ANOVA test. n.d: not detected.
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Table 5. Mineral contents of Jeju kiwifruit varieties
(unit: mg/100 g, wet basis)

B

Immature Mature

JG  HG JS  H94 JG  HG JS HY%M

Na 211 147 96 417 91.2 177 409 779
Mn 03 02 02 02 02 01 01 02
Zn 03 02 02 03 02 02 03 04
Fe 20 18 18 21 17 16 22 27
Cu 02 01 01 02 02 03 03 03
Mg 185 147 212 168 131 123 213 154
Ca 316 106 273 453 254 168 296 383
K 1177 1316 1474 160.9 1325 137.7 1899 123.7
P 255 212 293 233 216 271 325 225

Table 6. Contents of Vit C and total phenolics of Jeju kiwi-
fruit varieties

Total phenolics

Maturity Varieties Vit C (mg/g) (ng/g)
JG 0.25+0.02° 56.10+0.37

Inmtre HG 0.21+0.02° 26.81+ 0.1910‘
JS 0.59+0.07° 48.80+1.06°
H94 0.29+0.05° 37.50+0.03°
JG 0.47 +0.00 13.87+0.12¢

Mature HG 0.81+ 0.012 14.28+ o.glf
JS 0.72+0.02 8.64+0.10
H94 0.12+0.01" 26.45+0.14

The data were expressed as mean+SD of three determinations.
Same letters (a—f) in each column are not significantly different
at the 5% level using Duncan’s multiple range p<0.05 in
ANOVA test.
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T35 AE @ A7 we} o] bE AFo|deT
(25), & AF AN e A7 FFE I HIEH C

w2 gt gatst &4 347
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Table 7. DPPH radical-scavenging activity of Jeju kiwifruit varieties

Maturity Varieties DPPH activity (%) 1Csp (ug/mL)
1G 88.44+0.23 94.32+0.29
H94 80.37+0.01 81.71+0.15
1G 57.30+0.82 356.07+9.96
H94 76.96+1.71 184.61+1.39
Vit ¢V (100 pg/mL) - 89.23+0.82 37.85+0.14
BHTY (100 pg/mL) - 65.97+1.49 58.65+0.60
Tannic acid” (100 pg/mL) - 82.92+0.91 38.20+0.11

Y Ascorbic acid, BHT, tannic acid were used as positive control.
The data were expressed as mean=*SD of three determinations.



348

3 3 9 5o D 484 71 Yehitn nag
BE 21tH30). Dawes9} Keene(31)e] B3k ulof <jstd 3+
o} F2~0l = polyphenolic 3H3HE&
acid, hydrocinamic acids, flavan-3-ols 2 flavonol gly—
cosidesZ Foteiel Fo 43t FAS Yehes B2
FE Eﬂliﬂa gl Ao —irﬂﬁﬂ} 2 s 245

hydroxybenzoic

\_. AT L
47417} 1% Aoz A}g%u}
o oF
g =
ATl A S35 5 Aujd ZLEMMI tsto] 713 A5

a8 ABES AN
VETY, G5 o3y

Atk Ao m

,d
[0
ol
N
f
r°1'

]ZX}EE %—30}7] -‘?4%]—

7% 87.06~90.78%,
Favl= 8340~832T% 2 = & E54 2}0]—‘2— HYo
v &ate] g a2 0.26~1.07%, 453+ 1.08~1.58
9601 a1, ZAW-E 0.002~0.003% % 2 2 A% pHE
FT % =54 Ao|7} gl 2382 vsde 043~
064%, S5 051~0.77% 2 %ol vlte] 2718
o Fod FF FoAA AXNEHE FFo] 2o, ZX]H]'
23 2 g=rF 34k JAohEd el de e

fructose, glucose, sucrose® V& doll ARt} k<o /\1
T FEFo] 17~44u] F71etRom FErktk ZFolzt A
ot AlFAF Ao F52 2 77142 lactic acid, malic
acid, citric acid, oxalic acid, tartaric acid®] 1.2, oxalic
acid®} tartaric acide $&IoM = AEo] HA &toy,
veggdMe &% AEHAS Iy 49 FrAES
ZHgo] 117.7~189.9 mg% 2 714 Beol gf= o] At
B C gFL vs5dE 021~059 mg/g, $E5F+= 012~
081 mg/g=Z <719 FFol Wt zolE B, v&
el Hls) ghke] HEd C ?JE*O] =t £ Hes T
< v&EF= 26.81~56.10 pg/g, dsAe 8.64~26.45 ng/
g2 v&e] F #E o] otk #A F&FE9 DPPH
radical 24842 500 mg/Lol A, v &3= 84.47~89.37%
2 FEIDAANZES>HHZESAA L E £02 G40
Egkon S5 43.94~76.96% 2 3594>3HEtZ =E> A
AZESAA A E Fol At vlsFo A datsl &Aool

e Qe vEnst 943l st F dE FFo] %]
W) Ao noln, 48 FYe FE L Swo] g}
Aol e,

PJ006686082011)2] A<
SAAE A o] Fold AL

10.

11.

12.

13.

14.

15.

16.

B oAPE ¥EA3Y FEATAYCHAEE
B EE LR

MO

. Ferguson AR. 1999. Kiwifruit cultivars: Breeding and

selection. Acta Hort 498: 43-51.

. Kim CH, Kim DS, Song CH, Kim WC. 1999. Selection of

a large fruit line “Hwabuk 94” of kiwifruit (Actinidia deli-
ciosa). Kor J Hort Sci Technol 17: 668.

. Kim CH, Kim SC, Jang KC, Song EY, Kim MS, Moon DY,

Seong KC, Lee JS, Suh HD, Song KJ. 2007. A new kiwifruit
cultivar, "Jecy Gold” with yellow flesh. Kor J Breed Sci
39: 258-259.

. Kim SC, Jang KC, Song EY, Ro NY, Kim M, Moon DY.

2008. New kiwifruit cultivar, ‘Halla Gold’ early harvesting
with yellow flesh. Kor J Hort Sci Technol 26: T2.

. Kim CH, Kim SC, Song EY, Ro NY, Kim MS. 2008. A new

mini kiwifruit cultivar, "Green King”. Kor J Breed Sci 40:
461-465.

. Jeong CH, Lee W], Bae SH, Choi SG. 2007. Chemical com—

ponents and antioxidant activity of Korean gold kiwifruit.
J Korean Soc Food Sci Nutr 36: 859-865.

. Montefiori M, McGhie TK, Costa G, Ferguson AR. 2005.

Pigments in the fruit of red-fleshed kiwifruit (Actinidia
chinensis and A. deliciosa). J Agric Food Chem 53: 9526—
9530.

. Motohashi N, Shirataki Y, Kawase M, Tani S, Sakagami

H, Satoh K, Kurihara T, Nakashima H, Musci I, Varga A,
Molnar J. 2002. Cancer prevention and therapy with ki-
wi-fruit in Chinese folklore medicine: a study of kiwifruit
extracts. J Ethnopharmacol 81: 357-364.

. Manolopoulou H, Papadopoulou P. 1998. A study of respira—

tory and physico—chemical changes of four kiwifruit culti—
vars during cool storage. Food Chem 63: 529-534.

Rho JH, Kim YB, Kil BL 2002. The effect of bulking agent
on quality of kiwifruit powder in the process of domestic
kiwifruit tenderizer. Korean J Food Sci Technol 34: 805-
810.

Rush EC, Patel M, Plank LD, Ferguson LR. 2002. Kiwifruit
promotes laxation in the elderly. Asia Pac J Clin Nutr 11:
164-168.

Park YS, Jung ST, Kang SG, Drzewiecki ], Namiesnik ],
Haruenkit R, Barasch D, Trakhtenberg S, Gorinstein S.
2006. In vitro studies polyphenols, antioxidant and other di—
etary indices in kiwifruit (Actinidia deliciosa). Int J Food
Sci Nutr 57: 107-122.

Sugiyama S, Ohtsuki K, Sato K, Kawabata M. 1997.
Enzymatic properties, substrate specificities and pH-activ-
ity profiles of two kiwifruits protease. J Nutr Sci Vitaminol
43: 581-589.

Tavarini S, Deglinnocenti E, Renorini D, Massai R, Guida
L. 2008. Antioxidant capacity, ascorbic acid, total phenols
and carotenoids changes during harvest and after storage
of Hayward kiwifruit. Food Chem 107: 282-288.

Food Code. 2008. Korea Foods Industry Association. Seoul,
Korea. p 301-316.

Yang YT, Kim MS, Hyun KH, Kim YC, Koh JS. 2008.
Chemical constituents and flavonoids in citrus pressed



17.

18.

19.

20.

21.

22.

23.

24.

AT Zodg e F5 2 550 e
cake. Korean J Food Preserv 15: 94-98. 25.

Food Code. 2008. Korea Foods Industry Association. Seoul,
Korea. p 701.

Rizzolo A, Formi E, Polesello A. 1984. HPLC assay of as—
corbic acid in fresh and processed fruit and vegetables.
Food Chem 14: 189-199.

Albrecht JA, Schaffer HW, Zottola EA. 1990. Relationship
of total sulphur to initial and retained ascorbic acid in se-
lected cruciferous and non-cruciferous vegetables. J Food
Scr 550 181-183.

Singleton VL, Orthofer R, Lamuela-Raventos RM. 1999.
Analysis of total phenols and other oxidation substrates and
antioxidants by means of Folin-Ciocalteu reagent. Methods
Enzymol 299: 152-178.

Blois MA. 1958. Antioxidant determination by the use of
a stable free radical. Nature 181: 1199-1200.

SAS Institute, Inc. 1990. SAS User’s Guide. Statistical
Analysis Systems Institute, Cary, NC, USA.

Lee SE, Kim DM, Kim KH, Rhee C. 1989. Several phys-—
ico—chemical characteristics of kiwifruit (Actinidia chi—
nensis Planch.) depend on cultivars and ripening stages.
Korean J Food Sci Technol 21: 863-868.

Esti M, Messia MC, Bertocchi P, Sinesio F, Moneta E,
Nicotra A, Fantechi P, Palleschi G. 1998. Chemical com-
pounds and sensory assessment of kiwifruit (Actinidia chi-
nensis (Planch.) var. chinensis): electrochemical and multi—
variate analyses. Food Chem 61: 293-300.

26.

27.

28.

29.

30.

3L

32.

33.

st Fas &4 349

Sh

Gil MI, Aguayo E, Kader AA. 2006. Quality changes and
nutrient retention in fresh—cut versus whole fruits during
storage. J Agric Food Chem 54: 4284-4296.

Matsumoto S, Obara T, Luh BS. 1983. Changes in chemical
constituents of kiwifruit during post-harvest ripening. /
Food Sci 48 607-611.

Kim JM, Ko YS. 1997. Comparative studies on the aroma
and taste components of Korean and imported Kkiwifruits.
Korean J Food Sci Technol 29: 626-629.
Samadi—-Maybodi A, Shariat MR. 2003. Characterization of
elemental composition in Kiwifruit grown in Northen Iran.
J Agric Food Chem 51 3108-3110.

Kalt W. 2005. Effects of production and processing factors
on major fruit and vegetable antioxidants. J Food Sci 70:
R11-R19.

Connor AM, Luby ]J, Hancock JF, Berkheimer S, Hanson
EJ. 2002. Changes in fruit antioxidant activity among blue—
berry cultivars during cold-temperature storage. J Agric
Food Chem 50: 893-398.

Dawes HM, Keene JB. 1999. Phenolic composition of ki—
wi-fruit juice. J Agric Food Chem 47: 2398-2403.

Guo A, Yang J, Wei J, Li Y, Xu ], Jaing Y. 2003. Antioxidant
activities of peel, pulp and seed fractions of common fruit
as determined by FRAP assay. Nutr Res 23: 1719-1726.
Wang H, Cao G, Prior RL. 1996. Total antioxidant capacity
of fruits. J Agric Food Chem 44: 701-705.

(20108 11€¥ 309 A< 2011d 1€ 229 A=)



