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Abstract

This study investigated the possibility of usage of freeze-dried ingredients for the preparation of Nabak kimchi.
The quality characteristics of Nabak kimchi using freeze-dried ingredients (radish, kimchi cabbage, green onion,
garlic and ginger) were monitored during storage at 4°C. The initial pH of Nabak kimchi was 5.76~5.93, however,
it decreased significantly over increasing storage periods (p<0.05). The titratable acidity of Nabak kimchi increased
during storage, reaching 0.43~1.08%. Among the freeze-dried samples, those treated with freeze-dried radish and
minor ingredients showed lower titratable acidity than that of the control. The initial number of total aerobic and
lactic acid bacteria were 5.57~6.25, and 5.52~6.24 log CFU/g, respectively. After 28 days, the population of total
aerobic and lactic acid bacteria in the raw ingredients and freeze-dried minor ingredients was less than 8.0 log
CFU/g, but more than 9.0 log CFU/g in other samples. Yeasts and molds in Nabak kimchi were detected up to
2~3 log CFU/g, but coliforms were not detected in all samples during storage. The score of firmness and overall
acceptability in the control, raw ingredients and freeze-dried minor ingredients were significantly higher than others
(p<0.05). These results indicated that freeze-dried ingredients, such as green onion, garlic, and ginger, can be used
in kimchi and would delay microbial growth and extend the shelf-life of kimchi without any deduction of sensory

quality.
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Table 1. Ingredient ratio of Nabak kimchi

Material Ratio (%)
Radish 169
Kimchi cabbage 109
Green onion 14
Garlic 05
Ginger 03
Salt L5
Red pepper powder 05
Water 68

Table 2. Ingredient composition of Nabak kimchi

) Samples
Ingredients

A B C D E

Radish Raw Raw " D
Kimchi cabbage Raw Raw D FD
Green onion Raw FD FD FD FD
Garlic Raw FD D D FD
Ginger Raw FD D D FD

"FD, Freeze-dried ingredients.

pH & Hd
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Fig. 1. Changes in pH of Nabak kimchi with freeze-dried ingredients

during storage

@, Control (A); O, Raw ingredients and freeze-dried minor ingredients (B); 'V,
Freeze-dried mgredlents and minor ingredients (C); A, Freeze-dried radish and minor
ingredients (D), MM, Frecze-dried cabbage and minor ingredients (E).
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Fig. 2. Changes in titratable acidity of Nabak kimchi with
freeze-dried ingredients during storage.

@, Control (A); O, Raw ingredients and freeze-dried minor ingredients (B); VW,
Freeze-dried ingredients and minor ingredients (C); 4, Freeze-dried radish and minor
ingredients (D); MM, Freeze-dried cabbage and minor ingredients (E).
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Table 3. Changes in hardness of Nabak kimchi with freeze-dried ingredients during storage

(Unit: kg)
Samples Storage periods (day)
0 3 10 14 21 28

Raw 0.6920.07

A" 0.890.06™%  0.800.07° 0.8320,04™ 0.86:0.02" 1.00£0.07 096009 081007
Radish B 0.8420.05"® 0.8720.02"¢ 0.82£0.05™ 0.82£0.03% 0.890.4% 070068 0.83:0.03"

C 0.64£0.12™* 0.6320.16° 0.59+0,05 0.65+0.07° 0591017 0.66£0.11° 0.720.14°

D 0.62+0.11 0.52+0.03" 0.520.03™ 0.51£0.04™ 048002 0.42£0.09™ 0.620.03*

Raw 0.62+0.04

A 0.53+0.11" 067:006™ 0662012 0.74+0.06™ 0.77+0.07™ 1.08+031® 1.09+0.25®
Cabbage B 0.67£0.10® 0.72:0.12° 0.70£0.03* 0.7320,05™ 0.770.13" 0.900.20* 1.02£021""

C 0.57:0.12*® 0.58:0.02** 0.600.05"* 0.61£0.06® 0.76£0.16" 0660.10™  0.65:006™

E 0512005  057:005™"  062:003"™® 0542002 0672015 065:0.04*  055:004™

YA, Control, B, Raw ingredients and freeze-dried minor ingredients; C, Freeze-dried ingredients and minor ingredients; D, Freeze-dried radish and minor ingredients; E, Freeze-dried

cabbage and minor ingredients.
“MeantSD.

IAny means in the same row (a-g) or column (A-E) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

SANZT AFAEE o] &3t Az WA F
FABQ o} HjFe] A7 W3S =% 35lo] Table 39
YeEhfATE W AN o] 223 AlE A
0.62~0.89 kg T o= YEpston, iz 2 B st
TAAZE FAE AT A5 A2l 0.69 kgt T
=& A0S YERSITE A7IE Adubel] AX A
Z AT 220 ALFANEE A AeTFA
BT WA Vel tl2HA) E AdAse BEAxS
AR AYFB>TEUNZRT 9FAF A H0)>FE
Az 7 8 B g A2T0) ©o 227l B vt
stk #7713k wE Aol = FElsHAl YERA] %k
o, A8 F A% F 2 FAR AHYFD)= A5
ZAZET AnkA o 7 U vkt Vb o] 2%
= 27] 2239 t}i% AHESE ofste] 2290 8%
9 gl AFRE Qg Fx20 Wl ofgk o g Azt
Ho2).

W2 F wj5e] 2A ke o) w1 AgkS )
W gz 2 gdAgee 2AA%E BAE AT

l

Hlg) 2% Aol e e Yehilth 524
Z A=THC B B A vlFe] 224111 062 ke Hr A%
A A Yol Uebteh. wiFe] 27 7he A1737130)
__7].51-/\§ ] x]— 3_7]_—5].5 7:16]:_0_ L}E}Uﬂtﬁ Xﬂ 2} UP7] o]
21-28%0 70 71 2L g Uik E8 2T %
AR BAAZT PAR Aol e $AAE AT
of Hlg) A7 21 o] Fell= FElgk Aol & YEhlH AR

FNL

2ol Fel Hpol g BATHp<0.05).
4B AF EANE A fat JBARIA 25
% 02 EPAE TAY oleld ARLel 54
& 484 H4F9 28] FEah AAAL F2807
glol 7 FelE fAsks Bl Flelshs o LuA ok
2o 52 9 Az} g 224 Azl ola) el
AP AP EGA el FP = B
A 23 484 4Fe] 250 244 7Fs4el drtn
BAFIT(S), Heb] FAAZE ANRE ALe ot
139 z27ke FAAZ Ao Qs dfael Feist
7% G BB Ralo] JURARE A Lk
o Bla) 247o] Aste Ao Vegtou), AN
AelT 3 BAAZ AR Ao BN 2N 2
QY V1A Fe Ao ek} 72 Az Al o] g7k

=

(

el

Hol we Aoz e
Dl 4SSN 54
AZAFE A9 FALR BN A% Al w4 ge]
BST & i el slewz 45el 2] v gus
Aojeke Ro] AFe] Y 2L A4 Fushev)

- FQ ‘3}D}(33 34). TAUNZG AFARE o] &3t A
Zg ek x| o] n| A& 54L& Fig. 3o JeRATh
xﬂz A5 bzl o] ANt 5.57~6.25 log CFU/g 2
2 AEEeH, AE F AL TZHEE AR T ZTHA)
W 7}%} B2 Akl HEH A YA = A%
713te] STl wet RE ALMW AR TF7} 57
© A% Jepdien, iz 3 AdAse s20x
AR AHF®T A 2194kl A #4571 A&



o

150

Az A2HC 2 Be A% 2843 Al 75
HAh AR 5 ALAE 9 AR FAEE
43 A F@) e TAAZE FAE HE A8
Z7|157F 2R U AEEen, A% F=
270l vl dxbalete] AA HEE AT w3 2
279 A5 A% 10924744 thx=7 2 ARz} 52
Az Aol va] o 2~3 log FFo| 743 5.15~5.57
log CFU/ge-2 HEHATF A7 1494} o] o= A2l
of wet gt gAY vk FECR AEEA &
3], BAAZ AT T TEAAZRS F 2 FAF A2 TD)
= A 2193k Aol =Esta A7 28U Aol =
7.66 log CFU/ge] HZEHH THE Alggt F92< Aol =
YERAATE ol2lgh Afol= Al Alx A T A ¢
AN B F7F FEjF o2 ufFo Hlal] AH 5l EHo]
golste] mAE] AFIrt o A et VEkx] €]
Z27] wolA zbelE Yehligl e A o r #7713t
o W& ztol= fAE oz AT

ANz WE Zihte] AEE] I A= FL

AARE BAUE A BAakte] KA, A7 (age

.
o 2
off

12.00
10.00 |
8.00

6.00%

4.00 -

2.00

Total aerobic bacteria (log CFU/g)

0.00 1 1 L 1 L
1 3 6 10 14 21 28

Storage periods (day)

5.00

4.00 |
3.00 L

2.00

1.00 |

Yeast & molds (log CFU/g)

0.00

1 3 6 10 14 21 28
Storage periods (day)

T2 ZAA-FESE A A23H A2E (2016)

o] U =(cell
paste loading), T AAZRTA|, A& A2, 5E40=
T AR B Solgka dElA Avh3s5,36). A
Z3 YRARE o] &3t A2 YtziA| 9] ikt rE
ARk o) B 523 RS YERH AR mE AlolE
Yelth &, Al A5 kA o] ikt re T
A), LA B9} TAHAZS FAE A2 F®B), FEAURT
ARAE A2 FHC), TAAZR 7 2 FA s A2 FD),
sAAZ w3 2 FAR ATF®NA 44 6.24, 5.55,
5.58, 5.51 2 5.52 log CFU/g°] AZE™ 2+l H]3
BAAZ APl o AL #57F AEE AT b
2)19] A77)3o] Frhshoel wEt AiktE F7ske] A7
219 9 28U Aol =& 7t AEHALE AYAE £
TANZI FAE A Folre FAUE ATt 27
w7t v2e Eo 2 AEE o A7)zke] Sk
o wel FAUZ AT vl&l o = gt HE
H Ak =3 A% 28U loll & AYANE 2 FAAZRI B
A8 A2l 847 log CFU/ge] HEH Wk, 541=%
AT F FANZRE dEAE A0 FEAZRE

e
=
o
=N
=l
)
offt
iR
L
BN
>,
i
=
%t
Jo
(i
S
o
o% |

N
PN

F

12.00

10.00 |
8.00 |
6.00%
4.00 |

2.00

Lactic acid bacteria (log CFU/g)

0.00 1 1 1 L L
1 3 6 10 14 21 28

Storage periods (day)

5.00

4.00

3.005

2.00

Coliform (log CFU/g)

1.00 |

0.00 %

* i el .
6 10 14 21 28

2R

Storage periods (day)

Fig. 3. Changes in the microbial properties of Nabak kimchi with freeze-dried ingredients during storage.
@, Control (A); O, Raw ingredients and freeze-dried minor ingredients (B); W, Freeze-dried ingredients and minor ingredients (C); 2, Freeze-dried radish and minor ingredients

(D); M, Freeze-dried cabbage and minor ingredients (E).
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log CFU/g@. 2 YEom A7 7|3F Zdte] Z2A 51
Ao 2 LA hom] o 2+3 log Fie] A&H 0w
AZH A A5 wet F2Ax3 dFASE A2 T0)
oA A7 713t Bt thE Al mol| vl HlmA AL 52X
2 FFolert HEE v dEzF)dAE 7 Be
AR B FFolgTt 7*;‘510% el A ztelE YehAA T
TAAZE AT e TR AFAE A 2fTolA
BAAZD AR F Hﬂ—r‘/’r T2 7Kg Al TEn 2R
g FFo7F o AAl HEEHUT AX|A T = B
Z 50 ujrg} g3 AT Wk 2 Zn| 2 A=
T ot B3 FAsta A4k dF S Aks) st
Bk olgl] AAHANG Abslte] S5 FEeHA H o]
HEo| ggs 5 2oz g Uths,37).
TAAZEZ AFAEE o] &3t Az A9 o
S Al AE 27 2 BAAE; FAHEg FA
g AggollA 2.70~2.92 log CFUjg o2 HEEAA
T SAAZ A 74C, D ¥ E)dlAE A 73] Aukd
AA 25 BHEEAT Wt A3713te] bkl
upeh JAF daste] 2173 10Y ol F RE A RN EAE
HA=, ol WHEAIZE A o] pH 4 B ANE 7t
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Table 4. Changes in sensory evaluation of Nabak kimchi with freeze-dried ingredients during storage

Storage Samplesl) Odor Taste Texture Overall acceptability
periods (day) Ripe odor Off-odor Ripe taste Off-taste Firmness Toughness
A 4,60+1.96™™ 3.00+1.70" 3.00+141™ 380+1.99" 6.90+0.74" 3.10+1.60° 520+1.14°
B 430+1.34 350+1.35 3.5042.17 320+1.40 6.40+1.35" 320+1.32° 540+1.84°
3 C 420+1.55 3.80+2.04 380175 4304221 2.20+1.03" 62042.15 3.10+191°
D 3.90+0.88 390+1.97 3.80+1.93 44042.12 2.40+1.26" 62042.10° 3,10+1.85"
E 360+1.17 4202.39 370+1.95 4701231 2.10+1.26° 6.30+2.50° 2.60+1.43°
A 4.40£1.07" 320+1.40" 3.80+1.14™ 2.30:0.95" 6.50£0.97° 330+2.11° 590+1.20°
B 420114 3.60£1.96 3.70£1.06 2.60£1.07* 6.4020.84° 3.30+1.89° 520£1,03°
6 C 3.70+1.34 430+1.89 4.00£1.05 3,701.70" 1.80+1.32" 620£2.10° 2.60£0.97*
D 4,00£1.56 4.10£2.08 3.70+1.42 3.50+1.84" 2.20+1.40° 5.70+1.83° 2.80+1.03"
E 350+1.08 4.10+1.66 4.00+0.94 4504217 1.80+1.40" 6.30+2.50" 2.30+0.95"
A 5.10+1.37" 2.70+1.34™ 460+1.51™ 320+1.14" 6.00+0.82" 340+1.07° 530£095
B 4.50+1.90 3.10£0.99 4.30+1.34 320+1.14 6.70+0.67" 3.10+0.99" 5.10£1.10°
10 C 470+1.89 3.90+1.66 430+1.49 440+1.84 2.40+1.35° 620+1.99 2.30+1.25°
D 4204175 3.40+1.65 4204148 430+1.83 220+1.14* 6.60+1.84° 22240.83"
E 440178 410£1.37 420+1.81 4802.10 2.00£1.25" 6504232 2.00+1,05"
A 6.60£0.70" 220092 6.100.74° 2.40£097" 650127 3.40£1.51° 690:1.10°
B 5.80+1.14° 2.70+1.34" 620123 240117 6.301.34° 3.20+1.03° 640117
14 C 4.50£1.27° 330£2.16" 5.10£1.52° 330+1.89" 2.00£0.94' 6.301.95° 3,00£1.05°
D 450+1.72° 340+1.78" 520+1.14" 4.10£2.02" 1.60+0.70° 6.702.00° 2.80+132°
E 4404165 400£2.36" 4.80+1.93" 4904247 1.30+0.48" 7.80+1.40° 2104129
A 6.00+2.36™ 1.90+0.74' 6.20+1.93" 320+1.62° 6.10+1.52" 3.50+1.84° 6.50+1.90°
B 6.40+1.90 320+1.87° 6.70£1.16 420235 6.10+1.45° 4.10£1.79° 6.40+1.26°
21 C 5.60£1.71 470£2.50° 5.90+137 45042420 2.50£127 6.50£2.07° 320+1.69°
D 5.8042.25 5.2042.35° 5.60+1.65 6.10£2.33° 1.70+1.06" 6.70+1.89" 1.701.25°
E 5.30+2.00 5.2042.74° 6.00+1.49 5004221 2.10£129° 6.90£1.45" 2.30+1.25°
A 6.30+1.06° 2.30+1.42° 6.30+1.42" 3.60+1.84° 7204092 330+1.83" 6.20+1.69°
B 6.00+1.25" 2.90+2.00° 6.60+1.35 380+1.87° 6.60+1.26" 320+1.69" 5.60:2.01°
28 C 520+1.62" 4604220 554227 540:2.17% 2.40+1.58" 6.10:2.33° 300£2.31°
D 4.60+1.71° 4.80+2.04° 450:2.22 6.00+1.76° 2.00+0.94° 590+2.18 240+1.51°
E 4.30+2.00° 5.6042.12° 5.00+2.91 6.40+1.58° 1.80+0.97° 5.90+2.69° 2.10+1.20°

I’A, Control, B, Raw ingredients and freeze-dried minor ingredients; C, Freeze-dried ingredients and minor ingredients; D, Freeze-dried radish and minor ingredients; E, Freeze-dried

 cabbage and minor ingredients.
“Mean+SD.

JAny means in the same row (a-g) or column (A-E) followed by different letters are significantly (p<0.05) different by Duncan’s multiple range test.

Az 7ol vla) okakel WEst A Wkl 27 P=
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9 wj3e] 24 70] AAR A5 B A5 ol
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