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Effect of Aronia, Beet and Prickly Pear Powder on the Quality Characteristics and
Antioxidant Activities of Turnip Mul-kimchi
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Division of Pharmaceuticals Analysis on the Food and Drug Administration,
Institute of Public Health and Environment in Incheon Metropolitan City, Incheon 22320, Korea

Abstract

Purpose: This study examined the effects of aronia, beet and prickly pear powder on the properties of mul-kimchi made of turnip.
Methods: Each turnip mul-kimchi was made by adding 0.2% aronia, beet or prickly pear powder. After a 24 hour fermentation process at
25°C, it was stored at 4°C. The antioxidant activities and quality characteristics of turnip mul-kimchi during 34 days of storage at 4°C
were compared. The antioxidant activities were evaluated using DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) and ABTS
(2,2’-azinobis-3-ethylbenzothiazoline-6-sulphonic acid) radical scavenging methods, as well as FRAP (ferric reducing antioxidant
power) assays and the total polyphenol content. Results: The antioxidant activity of aronia-added turnip mul-kimchi was higher than that
of the control and others. The vitamin C content was the highest on day 6, with the following levels: aronia-added turnip mul-kimchi
(182.36 mg/kg), beet-added turnip mul-kimchi (171.80 mg/kg), prickly pear-added turnip mul-kimchi (163.80 mg/kg) and control group
(158.85 mg/kg). Conclusion: The addition of aronia powder can improve the quality characteristics and antioxidant activities of turnip

mul-kimchi.
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Table 1. Operation conditions for vitamin C of turnip mu/—kimchi by HPLC

Index

Condition

Column

Luna 5 p NH;100A (4.6x250 mm)

Column oven temperature 30°C
Detector UV 254 nm
Mobile phase 0.05 M Potassium dihydrogen phosphate solution-Acetonitrile (60:40)
Flow rate 1.0 mL/min
Injection volume 10 uL
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3) FRAP 24

FRAP 348 Benzie IFF & Strain J1(1996)] 23 W+
e WYt SAHSAUTE FRAP W A4S 300 mM
acetate buffer(pH 3.6)(Samchun Pure Chemical Co., Ltd.,
Pyeongtaek, Korea), 40 mM HCl(Junsei Chemical Co.,
Tokyo, Japan)ell <1 10 mM TPTZ(Sigma-Aldrich Co.),
20 mM ferric chloride(Kanto Chemical Co., Tokyo, Japan)
o} THFE 10:1:1:1.2 WEE AP Ao Az3lo A}
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(879 528L paneli A A3} 7@ 715 HAzyow
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L pH, 2= B frakataee] ws
oZUol, HIE, Widzx Bu-g 747 Hrlste Alzdt
<5 224419 %Eﬂ Fto]l W2 pH, A= 9 fakEro
WSH= Table 294 2th ZE AT 2 g7 pHE
LE 13Y7HA frolFl zfelE Boln] FASMA Zrass)
7} o] & @& 34U E A9 Wt fda AEE
g 1YRE TE 47 FrFHez Frkskat
(¢<0.05). & 13Y o|F pH7} Hm|EkA] FAst = 4k
S ASHoR Frkhe AL AA A Fo FE A
“54 Bkt zAbo] sEl ot ulg- 2 efstelolA
S FER FHEHAAR pH—— o= @AIRL o= wrob
ZIXI 7] W&EolthKim DC 5 2014). 92 A 1Y A3
%] pHE WzTe] pH 40701] Hsf ofZ o}l M7t &5
E70X9 pH} 4212 f+9H1 o]E Holn Tha
Al YEbon o3k A WA 3497HA] A& Z*O
T A THp<0.05). AF= WSl E PR o2 of2Y
of 7t &7 =AY A=t AL AolE Kol
71 okth(p<0.05). YWHRo® 712 %4 34 = pH
T AAIAA wME2A ZAEr) Atez)el Holsw
A e ARt SEiAE AoR 4B Jom, Lee
YK 5(2005)] w=H Abwo] 739- pHe} W # drha
RHuslEd ol B Ay Az} °‘il€}%ib}

F BAA dize 9 AETY fidsE g2 Al
Yol 8.29-8.34 log CFU/mLO| TE 204011_ 8.53-8.56
log CFU/mMLZ 3718t 71 & fakt4E el
t} o] W& 6UVIA AF i)t 11'-’1140] zto]
T HolA &9kal olF FAT HAE Holw A 34Y
oﬂ 6.76-7.20 log CFU/mML $37HA] Z0]Z2th(p<0.05).
olglgt AzR= 30°C, 2441 48 F 4°C AR 47
ER0A 9 fakds W3 BE 270 Hulgks =29l
3 A} 7443 TH= Choi SY & Hahn YS(1997)¢] B39k
2o AAE et 2aVIRE T &F B4 U
Z7 APT Abole] frofHl Aol HE YA B
o] gty WF 20Y o|FRE| BHIE WMAZXE 77 A
F < 24 T gzt 94 Al zke]

£ Holn HA YERTHp<0.05). fritdE pH W3kt
fé}?ﬂ *eb%iﬂi pH 3.8+0.1 F-2<9 2&E 2 HE 2F 6Y
AL frakdart dEzTd APE 2T P Beka
pH7} 3.6£0.10.2 FA3] volx 7|2 HoEe Ao
2 Mol WA 139 o|FRE &g xfolE woln
23} THp<0.05).
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Table 2. Changes of pH, total acidity and lactic acid bacteria count of turnip mu/—kimchi during fermentation

Fermentation period (day)

Sample"
2 4 6 13 20 27 34

C 24.07+0.01°  AP3.84+0.01° ©3.8240.00° ©3.71£0.01¢ P3.58+0.02°  *3.54+0.017 *3.52+0.01¢ *3.52+0.01%

. A “4210.01°  ©393+0.02° P3.93+0.01° P3.78+0.00° 3.66+0.01°  ©3.59+0.02° P®3.57+0.017 P3.58+0.00°"

P B B4.11£0.02°  3.84+0.00° ®3.80£0.01° P3.68+0.01¢ P3.58£0.01° P3.56+0.01" P3.56+0.00" ®3.57+0.01°

P P41320.01°  P3.86x0.01° #3.78+0.01° “3.66+0.00" *3.54+0.00°  *3.52+0.02" *3.51+0.01" *3.5120.02"

C  20.16+0.01"  20.24+0.01° ®0.31+0.01° £0.33+0.01Y £0.52+0.01° *%0.57+0.01" *0.60+0.01¢ ®0.62+0.01"

Total acidity ~ A "0.1320.01°  #022+0.00° *026+0.01° "0.29£0.01' "0.44x0.01° *0.55:0.01" "0.59+0.02" *0.57+0.01
(%) B B0.18+0.01*  €0.2540.01° €0.35£0.00° €0.41£0.01 P0.52+0.02°  P0.58+£0.01" €0.67+0.01¢ €0.67+0.01%

P 50.1740.02"  P0.23+0.01° P0.4440.02° P0.49+0.02° €0.60+0.01°  P0.59+0.02° P0.64+0.00" P0.71+0.01%

C 8.29+0.00°  8.54+0.11° 8.49+0.13"  8.43+0.07° P8.14+0.02° P8.06£0.06° "7.81+0.05¢ ©7.14+0.04°

Lactic acid A 8.30£0.02°  853x0.03* 8.51+0.02°  8.51+0.03' 7.90+0.04°  ©7.93+0.01° ©7.72+0.05¢ ©7.20+0.05°
bacteria count b . . . B RN N N ‘
(log CFUmL) B 8.34+0.03 8.54+0.05° 8.51£0.01"  8.49+0.04" °8.13+0.03 7.53+0.06° 27.00+0.02° “6.76:0.03
P 8.32+0.05°  8.56+0.04° 8.54+0.07"  8.48+0.02° P8.13+0.03°  P7.75£0.07° "7.30+0.03" P6.89+0.05%

! C: control turnip mul-kimchi; A: aronia-added turnip mul-kimchi; B: beet-added turnip mul-kimchi; P: prickly pear-added turnip mul-kimchi.
*h Means within a row (during fermentation of each sample) with different letters are significantly different by Duncan’s multiple range

test (p<0.05).

AP Means within a column (between the samples of the same fermentation day) with different letters are significantly different by
Duncan’s multiple range test (p<0.05).

Table 3. Changes in total vitamin C of turnip mu/—kimchi according to fermentation periods (Unit: mg/kg)
L Fermentation period (day)
Sample"
2 4 6 13 20 27 34
C  Pl16.19£1.17° P114.32+1.26° *128.80+0.51" P158.85£1.98" “86.97+1.06°  91.96+1.35° ©92.45:0.80"  ®90.79+0.37¢

A 2130.27+0.67°
B 4132.69+0.96"
P €109.58+2.24°

4143.50+0.62°
B121.59+1.46°
€119.05+1.39°

129.79+0.19°
€105.67+1.25¢
B113.5242.94°

£182.36+2.36"
B171.80+2.02°
€163.80+0.75°

£98.93+3.62
593.79+1.84"
B93.73+1.31°

A100.62+3.97° A111.20+5.61¢
AB9g 03+1.26°
5€94.17+0.28°"

594.20+0.99"
895.74+0.93¢

A105.16+1.92°
©84.57+2.54¢
591.20+1.67"

D C: control tumnip mul-kimchi; A: aronia-added turnip mul-kimchi; B: beet-added turnip mul-kimchi; P: prickly pear-added turnip mul-kimchi.
“¢ Means within a row (during fermentation of each sample) with different letters are significantly different by Duncan’s multiple

range test (p<0.05).

AD Means within a column (between the samples of the same fermentation day) with different letters are significantly different by
Duncan’s multiple range test (p<0.05).

3olA B
o ofzuel, HE
mg/kgell Hl3l] Tha
g 6Yole

xﬂl ézéﬂ

ule} QE} B 1Yol thET 116.19 mgkg
H7F =5 24419 130.27,
RAI(p<0.05) <8771Q)
257 HER ¢ ¥ HaxE veplch o
u) thzo] 158.85 mgke, AT

132.69

163.80-182.36 mg/kg

o W YT BE dEes fold Aol nyl

Th(p<0.05). ©] & HIEIR o] o] F&3HA %
18 1390l 86.97-98.83 mgkglE Yrolx|al
g 349717 IAHZ FFS FR5=

271l

o} A LA F HE cY
A FolA ok2Yol H7t &%

9 ANEoR gaEse) fo)H
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Z7F ol tiste] Lee TY & Lee JW(1981),
F(1990)2] AT =
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Table 4. DPPH radical scavenging activity, ABTS radical scavenging activity, FRAP activity and total polyphenol content of turnip

mul—kimchi according to fermentation periods

Fermentation period (day)

Sample”
2 4 6 13 20 27 34
C ™28.9044.70° 37.5342.97° P46.8743.15° A41.40:4.61% "43.60+1.15 25323£0.95° *16.97+0.87° 14.63+5.68°
DPPH radical 45500504 C61.63:4.74% 64974265 P60.13£5.76" P61.90+7.56" P69.47:2.70°  C47.8025.12° ©36.600.87"
scavcnglng A de B, abe A cd A be A ab A a B cf B f
activity (%) B 35.9042.65%°  B46.77£1.93™  A40.67£0.95 A44.70£2.51% A51.43£5.35% 453.57£10.63° £29.43+2.69% 526.00+1.57
P A34.30+£1.50° “P41.33+£1.94%  P46.8343.44° 442743570 M43.97H4.66" 46.63+8.78°  £22.3342.06° *19.67+2.65°
C  "2947+4.70" A38.93+1.79"  "45.80+2.31°  433.17+1.69% *38.70+0.89" "43.83+0.70° 35.9742.49™ 437.23+1.15™
ABTS rafi‘cal A P4887E752° C69.70+£1.78  P68.874.12" 64.90£2.19° P72.7742.67° C75.43:2.17"  €55.60+6.73° P52.73+3.59°
scavcngmg AB, b B, A b B, b C, B, B, A
activity (%) B 40.60<1.59%  P46.07+0.87°  “44.80£1.65" P40.67+1.62% C48.00:0.36"° P49.00+1.65  P46.67+1.45° 23820+5.57°
P 44774857 P46.53+3.79"  “41.07+42.96™ “P36.8042.80° P43.67+1.72 43.13+1.62% 4P39.93+0.55" 435.90+7.62°
C M12840.04°  A1432028°  “PL770.04°  A1.39:034°  A1.33+003°  M1.46:0.04 10900047  40.82+0.01°
FRAP A 2142004 267:0.02°  2.65:0.09"  2.55:0.18°  2.59+0.04" 276:0.16'  P1.74£0.02' ©1.66:0.01°
actlvny A od B a B a A b AB be B \a C de B e
(umole Fe() B 1.2840.09 1.97+0.02 1.8120.04 1.57+0.30 1.39£0.07%  P1.8320.10f "1.07+0.03*  51.00+0.01
P AL19£0.05°  PL71x0.10°  41.69+£0.02°  A1.47+030°  P1.50£0.07°  “149:0.16"  ®0.97+0.02° "0.97+0.05"
C  %025:001°  %036:£0.01°  4039+0.00%  %0.37+0.00°  “0.38:0.01¢ 4040:0.00° 40390017 "0.41+0.00°
Toal polyphenol 5 Do31i000f 04140000  P042:001°  P043:000°  P0.42:0.01° 04440009  044001° 0.45:0.01°
content C a B b Ay b C A, B d B \d B e
(Gal mgmL) B 0.29:0.01 0.38+0.00 0.38:0.00 0.40:0.00°  “0.39:0.00°  £0.42:0.00 0.42+0.00°  %0.44+0.01
p P0.28+0.00°  0.38+001°  “038+0.00°  P0.39+0.01°  %039+0.01° "042+0.00°  %043:0.00' "0.44+001°

Y C: control turnip mul-kimchi; A: aronia-added turnip mul-kimchi;

B: beet-added turnip mul-kimchi; P: prickly pear-added turnip mul-kimchi.

“¢ Means within a row (during fermentation of each sample) with different letters are significantly different by Duncan’s multiple range test

(p<0.05).

AD Means within a column (between the samples of the same fermentation day) with different letters are significantly different by Duncan’s

multiple range test (p<0.05).
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Fig. 1. Acceptability for sensory properties of each turnip
mul—kimchi after fermentation at 4°C for 6 days (C:
control turnip mul/—kimchi, A: aronia—added turnip
mul—kimchi; B: beet—added turnip mu/—kimchi, P: prickly
pear—added turnip mu/—kimchi). Different letters (a—c)
mean significantly different at p<0.05 by Duncan's
multiple range test.
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