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Effects of Aronia (4Aronia melanocarpa) on the Sensory and
Microbiological Properties of Nabak Kimchi During Fermentation

Su-Yeon Choi, Ju-Seon Park, Chang-Heon Jeong, and Sung-Tae Kang*

Department of Food Science and Technology, Seoul National University of Science and Technology

Abstract

After making kimchi by adding 0, 0.5, 1.0, 1.5% aronia (Aronia melanocarpa), microbiological and sensory char-
acteristics were measured while fermenting it at 10°C for 28 d. The numbers of total cell and lactic acid bacteria
were decreased after the maximum levels of microbial counts; that is, day 3 for control and 0.5% treatment and
day 14 for 1.0, 1.5, and 2.0% treatments. Coliforms were not detected after 7 d in control and 0.5% treatments;
however, they were detected after 14 d i-n 1.5 and 2.0% treatments throughout the fermentation period. Sensory
properties were evaluated in the aspects of both acceptability and intensity characteristics. In the preference charac-
teristics, overall acceptability was highest in the 1.0% group after preparation and after 14 d of fermentation. As
for the aronia-added group, the intensity of the hot taste of Nabak Kimchi decreased while that of its sweet taste
and sour taste increased according to the rise of both the amount of the added aronia to the kimchi and fermentation
period. In conclusion, the addition of 1.0% aronia can be used to produce high-quality Nabak Kimchi while extend-

ing its storage period.
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ol2Y oW dronia melanocarpa)= 712l &3l Wg]
7ol g2 55 og 7t SfH A HolA APt
3 B zawggt EdUtk(Tsuneo & Akira. 2001). Bt
I A gFo] Fol FolA = 18AI71FH A, ¢l F=,
A= AHEShE T TR AAEREA o] §7HE EAT
(Sueiro et al., 2006). o}lZUol= A ], EFHE 59

2 el 2o rEAoRd A4t ENaA HHo)
He Mg wr] Fejossh Eehuiwols o] ol o

o, BASEI, FAFE, ADRAEAF JE Ao
AFE L 2 oH(Hou, 2003; Kulling & Rawel, 2008; Kalt

et al, 2010). o}Z2Yol= UWH o Z FE 84.36%, T A
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0.7%, A2 0.14%, &3tz 1437%, 3% 044%E e
SF3 A TH(Tsuneo & Akira, 2001). G2 A 2.73%
7F FHrEe] A Alske w4 de "]'E-J A5
0.66%% $H3F3L ATtH(Lee et al., 2014).

2 MRS A3l SAlo] EolARA A AR
oF H VoA 177164 AAE B HAAAE gk A
S w7t wobA bt A S 7 7l AlEE
718k AR A7} o] Fo A 2 AthJeong, 2013). LI X
= AMgsleE BAIS uE nAlEe] @waeidel t=
FA1] B} Ao W] FsEo] 712 717ke] B2 A
o] = v Al ]‘1"‘1 S A T 7 AL,
7 717E £ 4 e AFEo] FEI At Moon
& Jang, 2000; Chung et al., 2003). vk ] o] Asy A¢
7} 8] o] FAA AL o o] Ay dEel T

H of2UolE A7kt X = AR AFEA e A
Aolt}, wehA] & AFeA = F7F 77 3R 7154
ofZ o} YEH X & A|xs}7] f8te] ofZ Yo} S
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vhs, &3, A37hE, duks 2°C
)\1-01] A7 s A7 X‘]X—ﬂoﬂ(/‘t
99%)S AH&-shATH. O}EH°P~ A7ret Vvl ) 9] A =
23 X E Moon & Jang (2000)8] AFE 7] %3 Az
Table 17} ZFo] wigtu] & AAsigich. YA o] S&2
Bol A37ME, vis, s Aol £Yste] 1417 F
F 249 Hit AZRE AA FAGLS Hrksted ekl A
HES TEAT A3 Hrkre] AR SE] F9Ysk= of
2uo} 7hFe] HrbgS YR 9] 05, 1.0, 1.5,
20%2 H7tste] Ao ARSIt BE AF A7k
HET AR5 1.440.1%=2 2FUTH Axd 7H2he] A=
50mLY EZoldal #4871 Ho] "Es T 10°C ¥
F2mollA] 28Y Bt A, wE A A

Eias

WA S5 I mLe AR F8 0.85% saline
o2 10%1 gAYl wet A 3 F FHF A
(Standard Plate Count Agar, Oxoid Ltd., England)|
pouring culture method® 7 F3F T2 35°Coll A 48417+
HiF & A colony’t 30-30071%1 B3-S st F

5 =S

Table 1. Ingredients ratios of nabak kimchi added with aronia
powder (g)

Ingredients KC" KA-0.5? KA-1.0¥ KA-1.5Y KA-2.0Y

Radish 600 600 600 600 600
Korean cabbage 350 350 350 350 350
Cucumber 45 45 45 45 45
Red pepper 30 30 30 30 30
Galic 30 30 30 30 30
Geen onion 30 30 30 30 30
Salt 30 30 30 30 30
Red pepper powder 15 15 15 15 15
onion 15 15 15 15 15
Water 1,845 1,830 1,815 1,800 1,785
Aronia powder 0 15 30 45 60
YKC: Control

YK A-0.5: kimchi added 0.5% Aronia powder
9K A-1.0: kimchi added 1.0% Aronia powder
YK A-1.5: kimchi added 1.5% Aronia powder
YK A-2.0: kimchi added 2.0% Aronia powder

Tk
YA =& 1 mLE sie)
o= 101 34yl wet GAEA g 5 B4 wiA|
(M.R.S Agar, Oxoid Ltd., Basingstoke, England)®ll pouring
culture methodZ HFS T 35°CollA] 72A17F Wl &
PAE colony”t 30-30070%1 HH-S A ste] HAdTE
ZrEskelh.

2 F3ld 0.85% saline
3 A
X

CHE

10°ColA BaAsh WA S& 1 mLe #3428 F
&tod 0.85% saline® = SAI3]A g & i+t WA (GM
petrifilm EC, 3M Health care, St. Paul, MN, USA)°l 1
mL¥ HJE tha 35°ColA 48A17F wiYF & FAE
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pH 24

pH+= pH meter (FEC20, Mettler-Toledo, Greisensee,
Switzerland)E AH&-8to] WEFA] S8 20 mLE ©]-§-5fo]
ZA &3t} olw pHE Ao =459

k=1
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Table 2. Changes of microbial cell counts in nabak kimchi added with aronia powder during fermentation

FFe Hols AL Akt SV T S T
) (Kim et al., 1994) 0.2 A7} o] Xt}
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7o Ao e o AR EA O EA

=] ¥eks HESATHTable 4). YERIA S &
A% 2N = 2.03 log CFU/mL, o}24 o} %7}4
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pH

Storage periods(day)

Fig. 1. Changes of pH in nabak kimchi added with aronia
powder during fermentation.

(log CFU/mL)

Day 0 3 14 21 28
KC 411201472 5.90+0.02% 5.24+0.02¢ 5.15+0.09"° 4.86+0.09°° 4.05+0.04°
KA-0.5 4.16+0.10% 5.79+0.02% 5.13+0.03"° 5.02+0.06" 4.91+0.04<° 4.7540.05%
KA-1.0 3.78+0.05% 5.05+0.08" 5.06+0.06*° 5.31£0.06 5.23+0.02: 4.99+0.02"¢
KA-1.5 3.56+0.10° 4.92+0.02% 5.55+0.01% 5.97+0.06* 5.46+0.04>8 5.4120.04®
KA-2.0 3.64+0.12¢8¢ 4.9240.01 5.72+0.12%4 5.84+0.04°® 5.75+0.09°%4 5.61+0.09%

"Values are meanzstandard deviation (n=3).

IValues with different superscripts in a row (a-e) and a column (A-E) are significant at p<0.05 by Duncan's multiple range test.
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Table 3. Changes of lactic acid bacteria counts in nabak kimchi added with aronia powder during fermentation
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(log CFU/mL)

Day 0 3 7 14 21 28

KC 3.87+0.020%2 5.94+0.02* 5.25+£0.02°¢ 5.13+0.02¢ 4.78+0.05% 4.67+0.06°
KA-0.5 3.39+0.13<¢ 5.73+0.02° 5.34+0.01°" 5.17+0.02¢ 4.75+0.02% 4.69+0.01%°
KA-1.0 3.69+0.04 4.96:+0.20° 5.35+0.05* 5.37+0.05" 5.05£0.05" 4.81+0.01%
KA-1.5 3.87+0.02% 4.94+0.20°P 5.81+£0.01** 6.04+0.03** 5.54+0.07 5.39+0.03%
KA-2.0 3.77+0.08°" 4.9240.20% 5.85+0.04* 6.01+0.06** 5.58+0.07 5.53+0.01*

YValues are meantstandard deviation (n=3).
IValues with different superscripts in a row (a-f) and a column (A-D) are significant at p<0.05 by Duncan's multiple range test.

Table 4. Changes of coliform bacteria counts in nabak kimchi added with aronia powder during fermentation

(log CFU/mL)

Day 0 7 14 21 28
KC 2.03+0.05""2 ND? ND ND ND
KA-0.5 1.82+0.11° ND ND ND ND
KA-1.0 2.1+0.07* 1.40+0.17"¢ ND ND ND
KA-1.5 1.6240.15N98 1.72+0.22° 1.46+0.15° ND ND
KA-2.0 1.81£0.13 2.60+0.06** 1.96+0.10" ND ND

YValues are meanzstandard deviation (n=3).

DValues with different superscripts in a row (a-c) and a column (A-B) are significant at p<0.05 by Duncan's multiple range test.

9NS means no significant difference p<0.05.
“ND: Not detected.
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Table 5. Sensory characteristics(preference) of nabak kimchi added with aronia powder during fermentation

Sensory Fermentation period (Day)
g Sample
charact-eristics 0 7 14 21 28
KC 6.80+£0.421%42) 5.50+1.08°4 5.20£1.14% 5.00<£1.05% 4.90+0.99°*
KA-0.5 6.70+0.48 5.70+0.48 5.40+0.70°A 5.20£0.92°4 4.80+0.79%
Color KA-1.0 6.60+0.52% 5.20+0.63% 5.20£0.79% 4.70+£0.67°* 5.00+£0.67°
KA-1.5 4.20+0.79® 3.40+0.52°8 2.90+0.57°8 3.30+0.488 3.30+0.67°
KA-2.0 3.40+0.84 2.70+0.48°¢ 2.60+0.52°8 2.20£0.63% 2.30+0.82°¢
KC 7.00+0.00°~S 5.60£0.70** 4.40+0.52°® 4.30+0.95% 2.90+0.99®
KA-0.5 7.00+0.00° 5.70+0.82* 5.00+0.47%8 4.50+0.85%* 3.30+0.82¢®
Smell KA-1.0 7.00+0.00° 5.60£0.52* 5.60+0.52* 4.80+0.42°4 4.50+0.53*
KA-1.5 7.00+0.00° 4.00+0.47" 5.20+£0.79** 4.20+0.53 4.90+0.32¢*
KA-2.0 6.90+0.32° 3.70+0.67%® 5.00£0.82P 3.40+0.84® 4.80+1.23"
KC 2.10£0.74NSP 2.40+0.524 2.60+0.528 2.50+0.538 2.40+0.524
Sweet KA-0.5 3.00:£0.94°C 4.20+0.79 3.70£0.67%* 3.10+0.57°8 3.40+0.84°C
e KA-1.0 3.50+£0.714¢ 4.80+0.63* 4.40+0.70% 4.30+0.82% 420+0.63%®
KA-1.5 4.00+0.67NSAB 4.60+0.84" 4.30+1.254 4.20+1.034 4.50+0.71*
KA-2.0 4.40+1.09N5A 4.30+1.068 3.80+1.034 3.90+0.994 3.80+0.795¢
KC 1.50+0.53% 5.10+0.74* 3.80+0.79"® 2.70+0.48C 2.80+0.63"
KA-0.5 1.70+0.48%P 5.30+0.67* 4.30+0.82"8 3.20+0.63 3.30+0.48®
Sour taste KA-1.0 2.00+0.47°5¢ 5.20+0.79* 4.90+0.88™ 4.30+0.67" 4.10+0.32°*
KA-1.5 2.30+0.488 3.70+0.48"® 4.70+0.82* 5.00+0.67* 4.60+0.52**
KA-2.0 2.50+0.53" 3.10£0.57*¢ 4.60+0.84* 5.00+0.67* 4.50+1.18*
KC 3.20£1.03°N8 4.90+0.88* 3.50+0.53% 1.90+0.74<C 1.50+0.53<
Carb d KA-0.5 3.20+1.03°¢ 5.20+£0.79* 4.20+0.42°8 2.60+0.70%C 2.30+0.67%
e KA-1.0 3.2041.03¢ 5.10+0.88% 5.00£0.47 4.10+0.88"" 3.7040.82%A
KA-1.5 3.20+1.03°¢ 4.20+0.92°8 5.30+0.48* 4.90+0.74%4 4.20+0.79°
KA-2.0 3.20+1.03°¢ 4.10+1.10°8 5.00£0.82%4 5.30+0.82% 4.40+0.97%A
KC 6.40+0.52® 6.00+0.82** 5.00£1.05* 4.60+1.43 3.40+1.07¢
Overall KA-0.5 6.60+0.52*" 6.10+0.74"* 5.40+0.84%4 4.60+1.35%4 4.20+1.14%8
acce;g@imy KA-1.0 6.90+0.32 5.90+0.57 5.50£0.53b4 5.3040.67 5.10£0.74
KA-1.5 4.50+0.53* 3.70+£0.67"® 3.90+0.88*® 4.30+0.82%4 4.30+0.9548
KA-2.0 3.30+£0.67™P 2.80+0.63¢ 3.20+0.42° 3.00+0.82"° 3.10£1.10¢
"Values are meanzstandard deviation (n=10).
YValues with different superscripts in a row (a-d) and a column (A-D) are significant at p<0.05 by Duncan's multiple range test.
INS means no significant difference p<0.05.
o} M7k ofEUobrt 7HA AL e Alnte] GFoR ' fAFUTE ofR o} Fo] HItgke] vrople] met 7
F A5 daerd gl He w4 dehsod B w7} welon o3 ojzuelrt Uxe] HaE %5
27F AYEHEA AX7F 7= Asks o =74 | As A ALl A=A JYEe7] e R AdEn
FAY 5 Atk geuel FEE GF AF okzvicls WA FuE B FOE Sl Bzt AP
VIR 2.0% H7keel 7P =4aL wark Ao up we O}ib oF 7l 2.0%E Alstiie BF 718
2 10%, 15%¢] okZUol Arkel Mool F/sI  th 1 3 tiaze] 7Py M o)He] FEl EobAs
VAR Eaxcl B AR R L ZaRA I ‘:“37} H ool G FU AS IR F AN ofE o} HIhke] wet o] H o] =
g weE vleste] e ©E A% dzec /1 7 9nel Srkein.
ol et ol2lels] B7kge) B84 o) gstsl
AR gtk ohzueke] @, Alwk Fo] vjeue 9 2 o
A SFE AoR ArbEn. 2479 FuE BF 4
FE Uslgont wazk Adgel wet gasgdck B ok=vold bR A gstel WRsIKe) W v
7ol 49 WE 79 olF A4S HaaL, wE 28d  TEA U BA 540 vAE 9L Yolusit. ofz
7HA] of2 Yo} A7kt 2.0%7F 2A 7] ATt 7 =4 Yols v Aol 0.5%, 1.0%, 1.5%% 7kl ekl
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Table 6. Sensory characteristics(intensity) of nabak kimchi added with aronia powder during fermentation

Sensory Fermentation period (Day)
g, Sample
charact-eristics 0 7 14 21 28
KC 3.00:£0.821%¢2 3.80£1.13%° 3.500.71%¢ 2.90+0.88" 2.900.74™
KA-0.5 3.10+0.74°¢ 4.00£0.47°° 4.00+£0.475¢ 3.90+0.88 3.70+0.67*
Color KA-1.0 3.40+0.70° 4.500.53 4.40+0.52% 4.70+0.67° 4.20+0.63*
KA-1.5 5.3040.82N58 5.60+0.52" 5.30+0.95* 5.80+0.794 5.10+0.88*
KA-2.0 6.20£0.6354 6.50+0.53* 5.70£1.424 6.50+£1.08* 5.80£1.144
KC 1.400.524¢ 3.40+0.70°N¢ 4.70+0.67° 6.10+0.88** 5.20+1.55"N¢
KA-0.5 1.700.48%¢ 3.40+0.70° 4.700.48 5.80+0.63*" 5.00+£1.41°
Sour taste KA-1.0 2.10+0.57% 3.30+0.82° 4.40+0.52 5.10+0.74"%¢ 5.20+0.79°
KA-1.5 2.700.68% 3.40+1.07¢ 3.8040.63F 4.400.70°P 5.60+1.17°
KA-2.0 2.90+0.88 3.40+£1.07° 3.30+0.48" 3.80+1.03%° 5.60+1.17°
KC 1.00+0.00"° 1.00:0.00"° 1.000.00"° 1.00+0.00"° 1.30+0.48°
KA-0.5 1.10£0.31¢° 1.80::0.79°¢ 1.400.525P 1.30£0.48"C 2.00:£0.82¢
Bitter taste KA-1.0 1.60+0.52°¢ 2.500.85% 2.400.70°¢ 1.80£0.63"¢ 2.80+0.63*
KA-1.5 3.30+0.48" 4.40+0.97° 4.00+0.94*® 2.80+0.63" 3.20+0.63%
KA-2.0 4.10+0.74 5.30+1.26* 5.20+£1.32% 4.10+0.74 4.10£1.10"
KC 4.70+1.25™ 4.40+0.84* 4.10+1.10* 4.50+1.08* 4.70+1.06*
KA-0.5 4.50+1.18™ 3.80+0.92"7 3.40+1.17® 3.50+1.27%® 3.70+0.95°
Hot taste KA-1.0 4.00+0.82" 3.20+0.925¢ 2.90+1.37%¢ 2.90+1.45° 3.00+0.82°¢
KA-1.5 3.70+1.06 2.8040.79¢ 2.10+1.20" 2.2041.48" 2.2040.92°P
KA-2.0 3.70+1.06 2.8040.79¢ 1.8041.23"¢ 2.1041.525¢ 1.601.07°
KC 6.70£0.48"NS 6.100.57°NS 3.100.74%" 1.90+0.88 2.10+0.99°
KA-0.5 6.70£0.48"NS 6.10+0.57° 3.50+0.71%" 2.500.71<¢ 2.801.03<P
Texture KA-1.0 6.70+0.48" 6.10+0.57° 4.10+0.57 3.40+0.84° 3.40+0.975¢
KA-1.5 6.70+0.48* 6.10+£0.57° 4.50+0.53 4,100,748 3.8040.63%8
KA-2.0 6.70+0.48* 6.10+£0.57° 4.60+0.52¢4 4.20+0.79°4 4.30+0.674
KC 1.700.82NS 2.1040.74NS 3.50+0.71" 4.20+1.75%4 4.60+£0.97**
KA-0.5 1.80+0.79" 2.100.74° 3.30+0.82*P 3.90+1.52*P 4.00:£1.25"°
Smell KA-1.0 1.80+0.79" 2.2040.92° 3.10+0.74*® 3.30+1.16""¢ 3.50+0.85°%¢
KA-1.5 1.90+0.88™ 2.50+1.08 2.70+0.82° 2.80+1.32%¢ 2.70£1.16°°
KA-2.0 2.00£0.94" 2.80+1.14 2.70+0.82° 2.10+1.10° 2.20+1.32°

"Values are meanzstandard deviation (n=10).

YValues with different superscripts in a row (a-d) and a column (A-D) are significant at p<0.05 by Duncan's multiple range test.

NS means no significant difference p<0.05
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