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Functional and sensory characteristics of Kiwifruit jangachi cured with
traditional Korean sauces, doenjang and kochujang
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Abstract This study aimed to compare total phenolic, total flavonoid, and vitamin C contents, antioxidant capacities, and
sensory characteristics of jangachi made from green kiwifruit (Actinidia deliciosa cv. Hayward) and golden kiwifruit (4.
chinensis cv. Hort16A), which were cured with doenjang and kochujang. Golden kiwifruit had higher total phenolic, total
flavonoid, and vitamin C contents, and antioxidant capacities than green kiwifruit. Jangachi of both cultivars of kiwifruit
had generally higher total phenolic and flavonoid contents, and antioxidant capacities than fresh kiwifruit. Doenjang
Jangachi of kiwifruit had higher total phenolic contents and antioxidant capacities than kochujang jangachi. Jangachi made
from golden kiwifruit cured with kochujang, following pretreatment with sugar solution, had the highest overall quality on
sensory evaluation among jangachies tested herein. Together, our findings suggest that kiwifruit jangachi may serve as a

good dietary source of phenolics and antioxidants.
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3] Z718] $thLee &, 2015b; RDA, 2012).
7191= HielEl €9l o] =2 A<l ol
el HE U (actinidinge] FHEo] o] AslE =&
2k olY 2K (Morimoto 5, 2006), THIAZke] dlgxt A7 Sl
7138k 4= Q= ZEhH o] =(flavonoid) 7S 3 =38}5HE (phenolic
compound)F2] 7154 AES Zo| FF3kL JtHLim 5, 2014).
st 71sd s e 99 YA 719 Al AMEF
7tk ¢ Y = A F7¥ St ey 719
A EHA= A2 "o Aol i, I 717ke] Ay
71Z%7) "ol ¢ Harvey$} Harris, 1986), 719
ol&gh AHHgt 7lFAFe] Mol aFHI o), 719¢]
7HeA 2 vu| sk Aol

oWA (jangachiye NAE 7V, A%, 154
Ee Agae] B7F 23AA & 9
upete] dEAA AFe2 F shtelrh wgt
o AREo; AFE| A 2
o] BrR A FUret AN ks Aol
I 1 AF TEAFOR =9
sle v Felth. daAgS Azl €42
AU =8| 2] (genistein), TF] =A< (daidzein) 7HS THASE o}o]
ZH: (isoflavone)S $HF3ttt UelA UTh(Prattz} Birac, 1979).
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WE AFolA USR]l tiFET e IHS AR @ A
x]ho] O Sty By EJTkPark 5, 2007). 25332 d8Ql
Foll & oF22FH X(ascorbic acid), WIEF}ZHl(B-carotene), Z2
]%(polyphenol) 9] A EFo] FH3IH (Campos 5, 2013),
2k} 2821 g3E YeRie fALe)A] 0] = (capsaicinoids)
£ FF3tal Ark(Sheo, 1999). Lefu}t AP E-S FH-s
et @ 9 23S HEdloR g FobH AR FHE
FTZetEo|E, vlolElRl C kR AAsPEA] ol ik A=
78] FE35 AAol.
wA 2 AT 71999 rheete] SR fdw 13
GEUo R g FoHE Axst] F2e JER J1EA é% AlA
staral sar, 71999k 7197 o Fols, —?%ﬂ'i o]=, Hlo]
BN C e ABPRSS va #4351, 35 54 WUt
ste] 7154 7191 7HES g 71 ARE Xﬂ%a’lﬂ' El=2
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M=

B Ao AMRH 9= 79 (Actinidia chinensis cv.
Hort16A)2} Z287191(4. deliciosa cv. Hayward) & £7olH, A
FHFeTd71EdolA Auiste] 20159 10€e 85 A& AL
439 9. ® 4 (Jinmifoods Co., Ltd, Daejeon, Korea), ZLF%
(Daesang Co., Seoul, Korea), A% (Samyang Co., Seoul, Korea),
AU A(CJ Cheiljedang Co., Seoul, Korea)¥} 2] Z(Ottogi Co.,
Seoul, Korea)= AlzolA HujE= AFOZ tgvlEA Fuf
F ARSI

fz oo

Alof

ZUANZE #HE Al2K(Folin & Ciocalteu’s phenol reagent),
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), <14kehE2]<d
Z*(phosphate buffered saline), B}]EF C, Z-4H(gallic acid), 7}
Z (catechin)> Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA)°l
A, 14ko] 4429t F(ammonium  dihydrogen phosphate) Junsei
Chemical Co., Ltd. (Tokyo, Japan)ollA, 2,2'-azobis-(2-amidinopro-
pane) dihydrochloride (AAPH)<} W E}FQIAF-EH (meta-phosphoric
acid)> Wako Pure Chemicals Industries, Ltd. (Osaka, Japan)olA]

date] ARE-EFATE

7|9IEotme] M=ot =4
ZT71909F T-—TIE ATl AH T JAEE AAG L
zZhsi), & ?%91 7195 10% (wiv)<l 5:%%4% Ag
Z} 2 Z@AE A HXDHE HreE
QF A3t Zﬁiﬂo}"i‘:‘r Xﬁiﬂ #Hgo] B 7] 1” 742
217} Ee IFgoE & wie
At A2 gk %71011 ol 7U7F MEsial Yol ApekE Ay
SAANAT 7199 E F 98 TFA-HE Axs
43} CH(Table 1).
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(Singleton®} Rossi, 1965)& WM& 3l o] &3t &=
o] =7 2.5mL¥ 200 uLe ks &%
F 6w7F A2olA wkgA T EjF3E &l 7% (wiv) B
F(Na,CO;) & 2mLE H7FRch & 90 5<F WA &

Table 1. Kiwifruit jangachies made by using two dipping
solution of salt and sugar followed by curing with traditional
Korean sauces, doenjang and kochujang

Kiwifruit Dipping solution ~ Curing sauce Jangachi

Golden" Salt Doenjang A
Golden Salt Kochujang B
Golden Sugar Doenjang C
Golden Sugar Kochujang D
Green? Salt Doenjang E
Green Salt Kochujang F
Green Sugar Doenjang G
Green Sugar Kochujang H

YActinidia chinensis cv. Hort]16A
24. deliciosa cv. Hayward

750 nmel|A SEEE 2451, ARk o]8sle] a4 (standard
curve)S FFEUTH ol 2 mg 24 T (gallic acid equiv-

alents, GAE)/100 g fresh weight (FW)E UERAATH

%%ﬂﬂii"lE Sge] 24 AL uHAICL) S9L o
& B (Jia F, 1999 ol &3ATE FEE 05mLel FF
2 H7E T, % (wiv) oFEAIARENaNO,) &
0.15mLE g3le] 527 vkS A AT 10% (W/V) AQgletEnE &
ol 0.15mLE A7}sle] T 127F BeA7) B 1M Ak E

(NaOH)S W3l EF3le] 510nmellX F3=s SHsAch. T2
gH o= St mg 7H|7] T (catechin equivalents, CE)/100

g FWZ Yepfiict.

A|-=|.HI-I|= ixc-i

AR 54 2r)Z AAsel 716t
HE o] &3kt

ABTS Ztt|Z-5 ©]&3F &ﬁ}%ﬂ% 58S 3 2k Kim#t
Lee, 2004). 1.0mM AAPH®l| 2.5 ABTS9} QA2
100 mLE 410iA 70°C % %fr}_oﬂﬁ ABTS #tjz &8 whe
3, A A AFE 0183t 734 nmollA] 0.650+0.0209] &%
T2 ABTS )z £9S 34813t ABTS 2tz &9 980
pLek A1E 20 pLE 1087 9k 5 37°ColA 734 nmell A 3
= 7}/\E x o].o;\;]. ]-;,;]_ ].‘g_O_ mg H].o]E]_u] C ‘:‘fa‘:(vnamm
C equivalents, VCE)/IOO g FW= ‘%E}LH Tk

DPPH H]Z-s &85 2HspA s Z42 Brand-Williams 5
(1995)¢] W& ‘ﬂﬁé 0}04 ARE-SFATH 80% (V) eSS AR
sted 100 pMe] DPPH 2ozt 918 Az gk Fo, 80% (v/v)
HERES o83kl 517mmollA 0.650+£0.0208] FE=E 3|4 st
ATk Z+ A& 50 Lt DPPH 22 &9 295 mLE 37}s}ed]
23°Coll A 3087} H%Alﬂ F FHE AAFE 517 nmolA] =
st} AR5 mg VCE/100 ¢ FWE YeRf it

ABTSH 3 DPPH

HIOERI C £&7 8% &%

sholgpwl %z:r% 20159 AFTA TAE LukAe)
slolelr) € BAWE ol8all BAGITHKEDA, 2011). Z17})

ANE 10gE— 10% HERIARE- 10 mLell 1087 HEAZ & 5%
w80 mLE Eo] #&A7|(PT 10/35, Kinematica, Kriens-
Luzem Switzerland)Z ©]-€-3}e] 15,000 rpmoll A 2% Fot F+23}

tact. @23t & 5% HERIEAE o]838le] 100mLE 3+ F
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4°Col| Bste] Ao ARE-sATh

HlolEll C &% =4S HPLC (Agilent 1200 series, Agilent
Technologies Inc., Santa Clara, CA, USA)E ©|-&-3}] HEA1314 )
EXo] AFE-3 AHE YMC-pack polyamine II column (250x
46mm, 5um, YMC, Kyoto, Japan)°]A3L, #4gul= 50 mM <1
Aol 49 H(NHH,PO)# oM Evto] E H(acetonitrile)S 3:7
HIEE 4o ARSIt B4 581 o]E 34 (isocratic mode)
o=, 42 1.0mL/min, ZY 5% 30°CollA Faait). vlo)
BNl C AE 372 A9 HAE71E o83t 250 nmelA =
4

Sha BEFAE vrEo} AP,

4= F vole oF 274 ATk AA A Staste), 2|
(appearance), B)Z2=A (texture), F(flavor), 7] Z. = (overall quality) &
o thate] 9% HX(9: very much like, 1: very much dislike)
£ o]gate] Hrlsisich

SHXEZ
RE A ES 238 HFEFUAE eI B
A E4L& IBM SPSS Z=Z 13 (version 22, IBM SPSS Sta-

tistics Inc., Chicago, IL, USA)S o]&3Iith 2+ Hawe] fol¥
Zlole W79 HF A (Duncan’s multiple range test)ell 23l
95%2] A7l A AR HA B
o nE
= &E

71919} N9l dFder AMgE B uFge] F
HE T Table 20 YERATE Z=719)(cv. Hortl6A)9}F 1@
7191 (cv. Hayward)®] &= -2 717 113.9 mg GAE/100 g%t
823 mg GAE/100 g2 2 FT719|7F 2@7]¢le Bls] foldes
g E2 FHE 3 Jeplth 2 AFe] Axket fARMH, 7
7HA 719 FEe FulE S vm 249 AN E 2=
71919 ' dfo]l TR ¥ B4 JeEldtiy Ry
AchPark &, 2014). B} 13| FoE T2 301.0mg
GAE/100 g} 120.5 mg GAFE/100 g0 2 T £3%¢] 7|98t} ¢ =
< FAE BoH, 7o) AFAET oF 250 o =4 e
Sk Az 719780 FollA FHlE e @S Bede
2 ARRE FEF9FOR C7F 195.6 mg GAE/100 g 2 #-24
S Z(p<0.05) 7P =43, IFFE FFUOE AR FolH
B, F, 7} o822 (p<0.05) B2 FoE T3S YeRIth(Table
2). =719 2719 BT @e IFFHTE @goR
AREEE FolF el ] e FElE el om, gggol
A(A, C, E, G)¥ 75 d3hErt o 1= e Ve

B4 22 ds I AFY T8 Ay Ede s
(polyphenol), ¥&4H(phenolic acid), AFEH (saponin) 522 U
A Slth(Shukla &, 2016). F=stdES A& oJAARIER
Al WAl ] o] #4109 4] (hydroxyl group)E Zhe
HE F2E 7 o, F 7 o9 HErlE Zde 3
25 ZgH o)l dtkBravo, 1998). WA, BEUoE AL
" "ol FiE] e wErt, ool AT e wHEEE
=9 7o 2 dHEn @3 ¥ 52 FHs S
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Bl Aoz AztdEd. 227919 13 FHs FEe &
oA Aol (p<0.05)F HolA| W}ow, YT HEUoE A}
3 ZE7)918o Bok DO Fvlw e dzETILH

3 b )
Zale] FOHOoR e = FAS Uepith ok Avel
ulmsel JAOR e uAge] i FYoIA 7191e 4

s Azkar.

Z=7|919F 297199 FEeR o= T 47t 141 mg
CE/100 g7} 69mg CE/100 g2 Yeltor, v sk} o}
AR ZET)909] FEEREol ko] )Tl g &
o1& © 2(p<0.05) =4 JERITHTable 2). Z57e] FZehH o]
= S 275mg CE100ge & Bge Zgr wole Ik
(14.7mg CE/N00 9ot =7 Yeht Fols St nithe] 23
£ UERItH(Table 2). dotR o] F&etReolE e IFgS
FEdoR 3 FET|9erR BSE 2vl7)9oA FellA] #o
Ao B (p<0.05) 7P =A Ve, 948 H9udeR ¥ ad
71940R GlA fgdoez s B EZgnols ke
ettt 53] 22 £/ A3 @59Es o] &3 FoHE
H A, e AAEE Golx7E Ag=2 AA e FolH
Hr} & FZeRo|E s JER

ZTlRo|=9] Y9l ofo]aZE e Fo| xEH HYyP
BEARA, F2 AYZHE]RL, thel =A<l ]8I (glycitein)
o] FE|FZAPO| E(glycoside) FEIZ At Kwak 5, 2015). &
o] HEE= Y F HEREFTFIARIE 7S A (B-glucosidase)
o] Bog FE|FAlo|=2l A28 (genistin), TFo] =2 (daidzin),
A8 (glycitingS Asl= WA, ©]E9] o227 (aglycone) ©}F
o) AZEHES ZUISINTHXiao &, 2016). F=3F, HlERFFEIAlO]
T kRl O3] fElE olFEEe] FEER Aol FF
=y, SEaA el =R § e AR TS Rt Xiao T,
2016). B4 o] HaIAAFE AR 45 98 FEO O =2
FToE I, FEHE o= gy A es vERd AT
So] ByEAtkPark 5, 2007; Xiao 5, 2016). ZFE A€
(quercetin), FHSH(luteoliny} 7S ZTlH ol ¥ul o]z}
=2 sleke] F}EE| o] = (carotenoid)S ESFEF ATHSImI} Sil,
2008). ¥ IFE 13.7mg CEN100g, ¥ IFE 274mg CE/
100 g9 FEeH o= S ZH=rtl= B3 (Marinova, 2005)9}
H|wste], & Ao IFFETL)S FE 159 FIHE
col= FhEE Hg £FEoIUTH

719178 Az A F AAE Fgolx Hdedom i
2FE ol&3t &gl AFHL TdHrh Eof AFEYe] ot
T a2t 9 mEA Qo] Frk(Sereno 5, 2001). T A A
2 g B5 @4e] sl 2 TR A}t FoRE ]
oA AFER AXET GoRolM T 52 FETRlE F
o] YelS Flolgl Azt Fopx AZolA BFRTE I
=

=
e AL GO tH(Table 2). F3F AHEHTE &35 AA

Pt o feHoE FERCE FFE wUY) uhRe] Fo
A B, PN 71 Ee EEehnicol=s gae deie Aol

B3} Axol FHE HolE ce o
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Table 2. Total phenolic, total flavonoid, and vitamin C contents, and antioxidant capacities of golden and green kiwifruits and their

Jjangachies
Sample Total phenolics Total flavonoids Vitamin C Antioxidant capacity (mg VCE"/100 g FW)
(mg GAE"/100 g FW?) (mg CE*/100 g FW) (mg/100 g FW) ABTS® DPPH®
Golden kiwiftuit 113.9£13.27%® 14.1£7.8%" 66.5+£0.1* 126.8+28.8¢ 52.5+£14.8°
Green kiwiftuit 82.3+2.1¢ 6.9+0.7¢ 57.3£0.2° 102.3£6.7° 22.9+4.2¢
Doenjang 301.0+£3.1% 14.7+0.8%" - 350.5£17.3* 51.9+£1.7°
Kochujang 120.5+3.6° 27.5+0.5° - 133.9+4.8¢ 28.1+£3.7%¢
A 182.1+8.5° 32.9+0.8° 4.7+0.0 197.1+4.2° 50.9+1.280
B 104.5+1.4%" 46.8+1.3* 8.2+0.0¢ 100.5+1.0° 41.240.6°¢
C 195.6+5.2° 18.4+0.7° 12.9+0.1° 221.8+3.0° 42,942 75
D 112.2+6.6% 23.040.5¢ 10.0+0.0 98.7+4.4° 33.3x1.2%f
E 172.1£2.9¢ 24.440.5%¢ - 181.3£3.7° 35.242.0%deF
F 106.8+4.9%" 43.1+0.6* 4.1£0.0' 84.0+£3.7° 30.4+1.3%"
G 179.3£1.0° 13.8+0.5 14.620.1¢ 189.6+3.5° 38.1£1.0%¢¢
H 98.1+1.5" 16.2+1.1°" 16.9+0.0° 87.7£3.5° 36.9+3.6%4"

YGallic acid equivalents

JFresh weight

ICatechin equivalents

“Vitamin C equivalents

YABTS radical scavenging assay

9DPPH radical scavenging assay

"Data are expressed as mean+standard deviation (n=3).

®The different superscripts in the same column indicate the significant difference by Duncan’s multiple range test (p<0.05).

AAZ LHA Adrk 719= HlelERl ¢ o] w2 Y
sholtt. theksh HU3t M40 vlolekdl C TS ZARE
FollA QAR (54.7 mg/100 g)2F F=(50.4 mg/100 @)t} 7191(59.6
mg/100 g)¢] HtelE]l C FHao] o =A| YEbsem, AaFolA
= AEX(62.0 mg/100 g} HI==gE £ S UERATH(Lee
9} Kader, 2000). 7191, 71918017 o} &390 2 A8 Hg3}
T3] vlolElYl ¢ € Table 20 YERIH. F=7]919] ut
olE}Yl C ¥ 66.5 mg/100 g2 7PE A VR, 237
21¢] wlolgldl C -2 57.3 mg/100 g2 EFST). Nishiyama
5(2004)2] A7ollA 2371¢)(cv. Hayward)®} ZE=71%](cv. Hortl6A)
o] wlolglyl C ke 72t 550, 75.1 mg/100 g2 B AT 2
o} vlwste] 17|90 HISE FEOR, FEIE o =
< FEOE UETH BEdoR ARES g4 157

EYl C §e AEEHA Utk oA /A ok
= 93EY vlolERRl C o] {9422 (p<0.05)
H, 2FEEAE) @FEFTDS o8t Axd
Zolx Ee| vlolEl] C Eke d2d3) mzizirz
B, AREEAe)F 13 EHTDS o83 29y
A H7} 169mg/100g0 2 714 =& nlolgwl C &S
th 7197gobA o upelelnl C FHF WluL A, ARERTH=
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S
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B2 AAe e Fopx ] upolelrl C £4o] Fiths 2

AN LR o g AR 2ol EAL Ag, AW, &3
o]th(Islam} Flink, 1982). B &2 A&t 2s) 719=
E] o] whxd e w, wlelelRl, 7|t T 74 ol A&
Hrh Age] A9 AR T d' 535S ¥4, o] F
< vlelelEl ¢ 29 Wl g Agsi] wlegu ¢ &
Aol g F9F= EHE ZF=THSantos?} Silva, 2008). &F
2 AR e TiEsEle RS wEA A A, ojn
4 vlolelRle] §22 QI3 vlojelyl £4o] oHAS &

o}, w3 AR drE "] yEART 2L Aom H_LQ
Ath(Lee &, 2013). ©]23 o2 AREEA)H 2FHEF

A)OT AEF o HAM 7P¢ e wpolerl ol Fol
A%8 Zolet 47kt

LstEX|s

7191, 7191785 ¢ Hade *Fi‘rﬂ&ﬂ%—% Table 201 e

L EEYd %4 2+8liz 52 ABTSS} DPPH #H]Ze o]
oA B 7W =7 vebth ABTS 2z
o] = z 5} /\}§]-H1—X] 5o gHo] AR § =& Ak
=7197F 21719 BT o 2 Akshd
AT Bt 84S FFYeE o83 Z=T|9goH C
(221.8 mg VCE/100 g)°] 4shiA1ES §94 02 (p<0.05) 7

=okom, IFEES HEdeR O]%fz Zol# B, D, F, HolA
71 e ABTS )z AlASS Bk ABTS #)z-e o4
gt sl Fe] Ade s %P%tﬂ frARSE 73S Ve
FEN7IE GBS 71919 FuE I3 ABTS s o4
g 2R Es 4 Aol Fols Tl E57E st
WAlso] oA M2 g FHFAE RO, FEE:
ol= g} AtshR] T AgBBAE (T R AT Lee
5, 2015a). 7191 2] ABTS )z AASE Fgino|=
u vleleldl ¢ R ths SEExolE o]9]9 FE3lgtEoA]
g 7]k ar Azbsict.

DPPH #tZg o] &3 AtshiA] 5 ABTS goZg o] &gt
Al e vRPIAR ZE7]97F 27|91 EY folFoR
(p<0.05) =A YeRteH, olzfst AL gadolr® eyt
HEE FEUoE 3 FEIYR AdA M =& Ak
Asg Btk dAssiged EAlske Fle AAgedsel
o] g F2YAS FogAM, AupEe] Fatshutg oA
9} 2FsPx] 5 YERAtHShon &, 2007). HE3HEHEe] 4417
ARt Mg o F2F 5L AdshiRee & 9%
(Kim# Lee, 2004). T & A|Fol= ofo|aZetE ooz Z
2F, v Ak (vanillic acid), Ze}-Fet24H(p-coumaric acid), 7FH4F
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Table 3. Sensory test of golden and green kiwifruits and their jangachies

Sample Taste Appearance Texture Flavor Overall quality
Golden kiwifruit 6.1£1.602 7.0£1.5% 6.3+1.5* 6.3+1.5% 6.2+1.5"
Green kiwifruit 7.1£1.3* 6.7+1.3%° 6.2+1.7° 6.7+1.2° 7.0£1.2°
A 3.1£1.8° 3.5¢1.5% 4.6£1.9%¢ 42+1.7¢ 3.3+1.4°
B 3.6£1.8° 6.0£1.9° 5.041.9°¢ 5.7+1.9° 42+1.8%
C 5.3+2.1%4 4.3+1.8% 4.8+1.6% 4.7+2.2%4 4.9+£1.9¢
D 6.9+1.6* 6.3+1.4%° 6.0+1.5%° 5.9+2.2% 6.9£1.5*
E 3.3£1.8° 3.5+1.5% 43£1.6 4.5£1.9¢ 3.5£1.7%F
F 3.0£1.6° 4.8+1.5° 4.6+1.5%¢ 4.7+1.7%9 3.6£1.5°
G 4.7+1.8¢ 2.8+1.2¢ 4.5+1.4%¢ 4342.1¢ 4241.5%
H 6.3£1.7%° 4.542.0° 5.2+1.6°¢ 5.5+1.8%¢ 6.0£1.7°

YData are expressed as meantstandard deviation (n=3).

IThe different superscripts in the same column indicate the significant difference by Duncan’s multiple range test (p<0.05).
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