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ABSTRACT

Characteristics of Green Onion Kimchi According to

Fermentation Temperature and Storage Period

Ji U Choi
Advisor : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

In this study we compared and evaluated the characteristics of Green onion
kimchi according to the initial fermentation temperature and storage conditions.
Consequently, the purpose in this study is to provide basic data to find optimal
conditions that can be stored for a long time while sensibly superior Green
onion kimchi.

Three different temperature used were as follows: 6.5C, 10C, room temperature
(22+17C). The standard pH was set to pH4.3~44 and pH4.5~4.6, which were
studied as the ripening period of Cabbage kimchi. When the standard pH was
reached, it was stored at -1C and the chemical and microbiological
characteristics were analyzed by selecting expeimental samples every 2, 4, 8 and
12 weeks. In addition, samples stored at -1C was selected as a control sample
for comparison purposes, which were compared together when the experimental
group reached a specific storage period. Time periods required for 65T, 10T,
22+¥1C fermentation kimchi to reach pH 4.3~4.4 were spended 15, 7, 2.5 days
and pH4.5~4.6 were spended 11, 55 15 days respectively. The pH of the
samples decreased as the storage period increased, and the lowest pH among the
fermentation sample was 22+1C fermentation sample.

For lactic acid bacteria dominance, the number of Leuconostoc spp. and
Lactobacillus spp. have the highest percentage among the all samples at room
temperature kimchi. While Weissella spp. dominance showed a highest

percentage in control and 6.5C kimchi as the storage period increased.

_VI_
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As a result of the sensory evaluation, the overall acceptability was evaluated as
the highest score for 22+1C kimchi, followed by 10T, 65C, and -1TC. In
addition, standard pH4.5~4.6 samples were evaluated with the higher score than
standard pH 4.3~4.4 samples. Through this sensory evaluation, it is believed that
the overall acceptability of Green onion kimchi is determined by its sweetness
and bitterness. On the other hand, 65C and -1TC samples, which were
evaluated as the lowest score in preference, were specifically highly evaluated in
the bitter taste category. Therefore, samples with high scores in bitterness are
presumed to be a factor caused by microorgamisms that change during the
fermentation of kimchi, and it seems to be consistent with the results of
previous studies that identified Werssella spp., which 1s active at low
temperatures, as the main cause of bitter taste in kimchi. In other words, it can
be assumed that the cause of the bitter taste of Green onion kimchi is
Weissella spp. which dominated as the low temperature fermentation and storage
period increases.

Considering the above results, the condition of complete fermentation of green
onion kimchi from room temperature(22+1°C) to pH 4.4~4.5 and storing it at -

1C was presented as the most delicious condition during the storage period.
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55T —*— 10T ——RT

End 2 a4 8 12
Storage time (weeks)

B 4.70

——G5 5T —410T —®-RT

450

pH

4.40

4.30
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4,10

End 2 4 8 12
Storage time (weeks)

Figure 1. Changes of pH on Green onion Kimchi fermented at different
level of temperature? and time during storage periods?
(A), Standard pH is reached at pH 4.5~4.6; (B), Standard pH is reached at pH 4.3~4.4

V' 65C: Green onion Kimch fermented at 6.5°C and then stored at -1C
10C: Green onion Kimchi fermented at 10C  and then stored at - 1T

o

RT(Room Temperature): Green onion Kimchi fermented at 22+1°C and then stored at -1TC

2 End: End of fermentation when pH 4.5~4.6 is reached
2W: Store at -1T for 2 weeks after end of fermentation
4W: Store at - 1T for 4 weeks after end of fermentation
8W: Store at - 1T for 8 weeks after end of fermentation

12W: Store at - 1C for 12 weeks after end of fermentation
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9]

213+0.09% 2 JElyton w3 el Ho] A Hd ulel
& 9tk olge =7} e 65T, 10T, 21~23C g

dgrem RIS eH, 2xd AF T = W5t Aole A

12.0+0.7 brix°® Yo 2 12 F<F 65T, 10T,
12.0£0.70~12.6£0.40 brix° gro. =2 g+ Alo] @G % W3}
o1Ft} (Table 2).
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Table 1. Changes of saltiness on Green onion Kimchi fermented at different

level of temperature” and time during storage periods?

(unit: % as saltiness)

Storage Fermentation Temperature
periods(weeks) 6.5C 10T 22+1°C
0 2.13+£0.09 2.13+£0.09 2.13+0.09
End 2.18+0.05 2.3310.15 2.24+0.04
2 2.37+0.09 2.37+0.08 2.39%0.05
4 2.38+0.03 2.40+0.04 2.40+0.03
8 2.38+0.03 2.37+0.02 2.38+0.03
12 2.37+£0.03 2.39+0.01 2.39+0.02

* p = NS (NS, Not Significant)
V65T, Green onion Kimchi fermented at 6.5°C for 15 days and then stored at - 1T
10°C, Green onion Kimchi fermented at 10°C for 7 days and then stored at -1TC
22+1°C, Green onion Kimchi fermented at 22+1°C for 2.5 days and then stored at -1C

20, 0 day of fermentation
End, End of fermentation when pH 4.5~4.6 is reached
2, Store at - 1C for 2 weeks after end of fermentation
4, Store at - 1C for 4 weeks after end of fermentation
8, Store at - 1C for 8 weeks after end of fermentation

12, Store at - 1C for 12 weeks after end of fermentation
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Table 2. Changes of sugar content on Green onion Kimchi fermented at

different level of temperature” and time during storage periods”

(unit: brix°® as sugar content)

Storage Fermented Temperature

periods(weeks) 6.5C 10T 22+1°C
0 12.0£0.7 12.0£0.7 12.0+0.7

End 12.0£0.8 12.1£0.6 12.0+0.3

2 12.4+0.2 12.4+0.8 12.3+0.5

4 12.3+0.5 12.3+0.4 12.2+0.3

8 12.4+0.6 12.5+0.5 12.1+£0.5

12 12.5+0.1 12.5+0.1 12.5+0.2

* p = NS (NS, Not Significant)

V' 65°C, Green onion Kimchi fermented at 6.5C for 15 days and then stored at - 1°C
10C, Green onion Kimchi fermented at 10°C for 7 days and then stored at -1TC
22+1°C, Green onion Kimchi fermented at 22+1°C for 2.5 days and then stored at -1C

20, 0 day of fermentation
End, End of fermentation when pH4.5~4.6 is reached
2, Store at -1C for 2 weeks after end of fermentation
4, Store at -1C for 4 weeks after end of fermentation
8, Store at -1C for 8 weeks after end of fermentation

12, Store at - 1C for 12 weeks after end of fermentation
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7b 32(22:1TC) wa A5 PCR-DGGE

Aenty w729 A&7 & PCR-DGGE A3, Lactobacillus sakei(band
b), Weissella koreensistband «c¢), Leuconostoc mesenteroidestband e),

Leuconostoc  gelidum(band g)¢F L3 $X]o] band’} EATS AT &

A}t (Figure 2). E3] }z}gmi Negs= BgZ2a AARE 13 1257 NAE7A Lac
sakeif(band b)e] $HE& FAsALH, ol HFTFY HERT FEo A2wn
T A 4 AW A JEelsth Lh saker= RE 10T 2 20T 9 XA

Has AXANA HEEAeH, FAd $HAFoR RuHI JrtE Lee o
Aqtdael dAgtS FQlsk & UvH46]l. T3 W, koreensis(band c¢) 9] €]
band= A7 713ke]l ol wel o AWstA yEtutow ol W. koreensisE
20TCoA Zad wiFHAdA= Hdd & gdvds Cho 9 71& AT
A7) G2A FHA ARl E $HEE TFow YERT o]ld Lew
mesenteroides(hand e)9} Leu. gelidum(band g) ¢ *]ol A T3k #zHo] 7}53 o
Wwd e 9179 bandel & 3ulshA UER:

1. 10T && A59 PCR-DGGE

10C 2a 719 AF7|7re wE PCR-DGGE &9 A Weissella
koreensis $12 9] band c7} B# 12574 He= oz #&HJHFigure 3).
w3 AF7F o B2 E = Lactobacillus sakei(band b) $1%]¢] band: Ab2wbg
THEYG @om, 65T wE s EAEA P AeR Hol ol X
ARE Qo= vud dag2E7t 22 FloA AF37] A 79SS AlARSH=E
vlo|th, Wk Leu mesenteroides(band e) 929 band®} Leu. geildum(band g)
1219l band7} wg E A A FrolA nvlw A gujsA HEEHATH
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. 6.5C w=a Als9 PCR-DGGE

65T~ w32 g % 1257 AZ7F el PCR-DGGE &l 23

2% V|3 A Weissella koreensis(band c¢)
A= ¢l band7} 7HE AWEA FAEHS EQleion olE Fall Weissella 45o]
65C & Az $HFIS & F  UtKFigure 4). Leuconostoc
mesenteroides(band e) €% ¢ band: T3 A AZ7|7ko] Aol uwEl At

AL Ae B SAsdE #Ae & & Yok @A
1

Leuconostoc gelidum(band g)o] 74-%, a4 AR T 7 & 2% 65T
Az 71 Awgk bandE YENAISH o]l A 2oA AFo] Tk ¥
Ao A4S A AlgdA Ee FE5HoR JEWS & F Uk w1 E
10C %52 20CoA wad AXNZRE Fe == Lactobacillus sakei(band b)e]
A5, A ARE o&d B APeA = F2(21-230)3 10C 2TE
AzeAE wasdet 65 e

g AsoAeE AGHA EF5s Fl
TEe T4l

. =7 (-1T) A 59 PCR-DGGE

EX 2roA getA] i el sAle -1TCeA 1257F A %3k
7% A& PCR-DGGE 2l A3}, Weissella koreensis(band ¢) €% ¢] band+
LETE AFAFEH AZ 125 AFAA A7l HoldeE y AdEeA
Uelbds  gad & dthFigure 5). ol B Agel wjYstd  Axje}
ARG o -1C AR A Weissella koreensis7y 50| 7Vsditts 71&
ATATGe} Fd AAE deEhe RS A n24]. 9 Lo gz
ol zol= Leu gelidum(band g) $1%¢] band® 23 ol B3|

o}

= o
2ol 53] AEE bandE W s T3l 79 $ATLS ¢ AT,

g g %
D
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Figure 2. PCR-DGGE patterns of 16S V3 rRNA gene sequences in Green
onion Kimchi fermented at 22+1°C samples (pH 4.5~4.6)

V- a, Lactobacillus plantarum HD1; b, Lactobacillus sakei SC1; ¢, Weissella koreensis SK;

d, Weissella cibaria 37; e, Leuconostoc mesenteroides TA; f, Leuconostoc citreum GRI;

g, Leuconostoc gelidum subsp. aenigmaticum

21, day 0; 2, end of fermentation; 3, 2 weeks; 4, 4 weeks; 5, 8 weeks; 6, 12 weeks
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Figure 3. PCR-DGGE patterns of 16S V3 rRNA gene sequences in Green
onion Kimchi fermented at 10°C samples (pH 4.5~4.6)

Y a, Lactobacillus plantarum HD1; b, Lactobacillus sakei SC1; ¢, Weissella koreensis SK;

d, Weissella cibaria 37; e, Leuconostoc mesenteroides TA; f, Leuconostoc citreum GRI;
g, Leuconostoc gelidum subsp. aenigmaticum

21, day 0; 2, end of fermentation; 3, 2 weeks; 4, 4 weeks; 5, 8 weeks; 6, 12 weeks
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Figure 4. PCR-DGGE patterns of 16S V3 rRNA gene sequences in Green
onion Kimchi fermented at 6.5°C samples (pH 4.5~4.6)

Y a, Lactobacillus plantarum HD1; b, Lactobacillus sakei SC1; ¢, Weissella koreensis SK;

4

o N

Weissella cibaria 37; e, Leuconostoc mesenteroides TA; f, Leuconostoc citreum GRI;

4

g, Leuconostoc gelidum subsp. aenigmaticum

21, day 0; 2, end of fermentation; 3, 2 weeks; 4, 4 weeks; 5, 8 weeks; 6, 12 weeks
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Figure 5. PCR-DGGE patterns of 16S V3 rRNA gene sequences in Green

onion Kimchi stored at - 1C samples

Y a, Lactobacillus plantarum HD1; b, Lactobacillus sakei SC1; ¢, Weissella koreensis SK;

4

o

Weissella cibaria 37; e, Leuconostoc mesenteroides TA; f, Leuconostoc citreum GRI;

[N

4

g, Leuconostoc gelidum subsp. aenigmaticum

21, day 0; 2, end of fermentation; 3, 2 weeks; 4, 4 weeks; 5, 8 weeks; 6, 12 weeks
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Figure 6. Changes of Lactic acid cell on Green onion Kimchi fermented at
different level of temperature”? and time during storage
periods?

(A), Standard pH is reached at pH 4.5~4.6; (B), Standard pH is reached at pH 4.3~4.4

D @, Growth of total bacteria cell at 65T
A, Growth of total bacteria cell at 10TC
B, Growth of total bacteria cell at room temperature(22+1C)
O, Growth of total bacteria cell at - 1T

2 0, None Fermentation; End, Day reached to the Standard pH; 2W, 2 weeks storage after
the Standard pH; 4W, 4 weeks storage after the Standard pH; 8W, 8 weeks storage after
the Standard pH; 12W, 12 weeks storage after the Standard pH
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Figure 7. Changes of Leuconostoc spp. cell on Green onion Kimchi
fermented at different level of temperaturel) and time during

storage periods?

(A), Standard pH is reached at pH 4.5~4.6; (B), Standard pH is reached at pH 4.3~4.4
V' @, Growth of total bacteria cell at 65C

A, Growth of total bacteria cell at 10C

B, Growth of total bacteria cell at room temperature(22+1C)

O, Growth of total bacteria cell at -1TC

? 0, None Fermentation; End, Day reached to the Standard pH; 2W, 2 weeks storage after
the Standard pH; 4W, 4 weeks storage after the Standard pH; 8W, 8 weeks storage after
the Standard pH; 12W, 12 weeks storage after the Standard pH
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Figure 8. Changes of Lactobacillus spp. cell on Green onion Kimchi
fermented at different level of temperature? and time during
storage periods?

(A), Standard pH is reached at pH 4.5~4.6; (B), Standard pH is reached at pH 4.3~4.4
V' @, Growth of total bacteria cell at 65T

A, Growth of total bacteria cell at 10T

B, Growth of total bacteria cell at room temperature(22+1C)

O, Growth of total bacteria cell at -1TC

20, None Fermentation; End, Day reached to the Standard pH; 2W, 2 weeks storage after
the Standard pH; 4W, 4 weeks storage after the Standard pH; 8W, 8 weeks storage after
the Standard pH; 12W, 12 weeks storage after the Standard pH
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Figure 9. Changes of Weissella spp. cell on Green onion Kimchi
fermented at different level of temperature” and time during
storage periods?

(A), Standard pH is reached at pH 4.5~4.6; (B), Standard pH is reached at pH 4.3~4.4

V' @, Growth of total bacteria cell at 65T
A, Growth of total bacteria cell at 10TC
B, Growth of total bacteria cell at room temperature(22+1C)
O, Growth of total bacteria cell at -1C

2 0, None Fermentation; End, Day reached to the Standard pH; 2W, 2 weeks storage after
the Standard pH; 4W, 4 weeks storage after the Standard pH; 8W, 8 weeks storage after
the Standard pH; 12W, 12 weeks storage after the Standard pH
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Table 3. Dominance of LAB in Green onion Kimchi depending on the fermentation temperature and storage period

during Kimchi fermentation

unit: %
End of Fermentation Storage period (week)
fermentation temperature 0 End 2 4 8 12
Leu 53.5 28.2 42.4 68.7 66.1 72.9
room temp. Lb 1.1 3.7 11.6 12.2 19.2 6.7
Wer 454 68.2 46.0 19.0 14.7 20.5
Leu 53.5 16.7 174 181 447 56.1
10C Lb 1.1 14 15 4.1 7.9 9.9
Wei 454 81.9 30.8 718 471 34.0
PH 4.3~44 Leu 53.5 6.8 11.8 17.1 185 25.1
6.5C Lb 1.1 2.1 2.5 2.3 3.6 2.9
Wer 454 91.2 85.8 80.7 779 71.3
Leu 53.5 6.1 5.0 16 6.6 6.4
-1TC Lb 1.1 0.9 0.7 1.1 0.3 0.2
Wei 454 93.0 94.3 97.3 93.1 95.1
Leu 53.5 21.7 57.0 52.3 58.2 54.2
room temp. Lb 1.1 25 44 4.7 109 9.7
Wer 454 76.3 38.7 431 31.7 36.1
Leu 535 149 174 18.2 245 33.2
10C Lb 1.1 16 2.4 3.8 3.7 11.2
Wei 454 33.6 30.2 78.1 71.8 55.6
PH 4.5~4.6 Leu 53.5 114 9.8 12.3 26.6 23.2
6.5C Lb 1.1 2.0 0.8 2.3 7.9 4.0
Wer 454 86.6 89.4 85.5 65.4 72.7
Leu 53.5 6.1 5.0 16 6.6 6.4
-1TC Lb 1.1 0.9 0.7 1.1 0.3 0.2
Wei 454 93.0 94.3 97.3 93.1 95.1
- 3‘] —
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Table 4. Sensory evaluation of Green onion Kimchi fermented with different level of temperature at the end of

fermentation
6.5C 10C 22:1C

e Control pH 45 pH 4.3 pH 45 pH 4.3 pH 45 pH 4.3
Overall acceptability | 1.19£0.40°  213:034%  2.13£0.34° 313062  281:054 4314048  3.63:062°
Sourness 1564073 344:073°  375+068%°  350+052°  363+072°  363+050°  4.13+0.62°
Sweetness 1132048 231:070° 2380620 306025  294+057°  394+044°  350:052°
Bitterness AB3:050°  383+034°  381:040°  2.69+048°  275+045 18120407  1.88+0.34°
Off flavor 18840720 163+050°  156+051°  1562051°  156:051°  156£051°  1.56£0.51°
Bl e 356+081°  1.75+045°  175:045°  175£045°  1.75+045°  169:048> 169048
Color 313+050°  3130.34°  300:037%  313+034°  306:0.44°  288+034°  2.81£0.40°

D a~e Means with the different letters at the same storage period are significantly different (2 < 0.05) by Duncan’s multiple range test
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Table 5. Sensory evaluation of Green onion Kimchi fermented with different level of temperature stored 2 weeks

Sensory Control 6.5¢ 22+1C

attributes pH 4.5 pH 4.3 pH 4.5 pH 4.3 pH 4.5 pH 4.3
Overall acceptability | 1.25+0.45°"  2.19+0.54 2.25+0.45¢ 3.38+0.62° 3.06+0.25° 4.00+0.37% 3.56+0.63"
Sourness 1.88+0.50° 3.19+0.54°  3.44+0.73"*  3.75+0.45" 4.19+0.66" 4.06+0.57 4.06£0.57"
Sweetness 1.44+0.51° 2.44+0.51¢ 2.44+0.51¢ 3.00£0.73° 2.88+0.62° 3.81£0.75" 3.44+0.73"
Bitterness 4.81+0.40° 4.00+0.00° 3.94+0.25" 3.13£0.62° 3.06+0.68° 1.69+0.60° 1.75+0.58°
Off flavor 1.88+0.50* 1.69+0.48" 1.75+0.45° 1.69+0.48" 1.75+0.45 1.63+0.50 1.69+0.48"
Acrid taste 2.69+1.20° 1.75+0.45 1.69+0.48" 1.69+0.48" 1.69+0.48" 1.63+0.50 1.63+0.50
Color 3.13£0.37* 3.00£0.52° 3.00£0.52% 2.94+0.44° 2.88+0.50% 2.88+0.50% 2.88+0.50

1
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Table 6. Sensory evaluation of Green onion Kimchi fermented with different level of temperature stored 4 weeks

Sensory Control 6.5C 10T 22+1°C

attributes pH 4.5 pH 4.3 pH 45 pH 4.3 pH 45 pH 4.3
Overall acceptability | 1.63+050°" 2190757 2380507 313072  2.88+072°  4.06:057°  350+0.73"
Sourness 2312060°  369:0.60°  3.88:0.62"  394x025"  413x050"  4.19:054°  4.25:058"
Sweetness 1500520 281+0.40°  2.81#040°  331:048°  3.19+040°  394+025°  3.50+0.52°
Bitterness 444+051"  369:048°  369+048°  2.94+077°  294+0.77°  2.00+0.63  2.00+0.63°
Off flavor 150£052°  144051"  1.44:051°  144051"  1.44+051°  144051°  1.44+051°
Acrid taste 238+089°  150+052°  150052°  150+052°  1502052°  150+052°  1.50+0.52°
Color 313034"  3.00:0.63'  300£063°  3.00+052"  300:052°  3.00+052"  3.00+0.52°

1
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Table 7. Sensory evaluation of Green onion Kimchi fermented with different level of temperature stored 8 weeks

Sensory ot 6.5C 10C 22+1C

attributes pH 45 pH 4.3 pH 4.5 pH 4.3 pH 45 pH 4.3
Overall acceptability | 1.21+0.43"  1.86+0.53°  1.86+053°  2.79+043"  264x050°  4.36+050°  4.14+053"
Sourness 2.36+0507  3.36+050°  350+052°  357+051°  3.71£047™  3.93+027"  4.07+0.27
Sweetness 1.43+051°  250+0.65°  2.64£063°  279+058"  279+043"  4.07+047*  3.86+0.53"
Bitterness 457+051* 421058  4.07x047°  3.36+0.63°  350+0.76°  1.64+0507  1.71x0.47°
Off flavor 1.71£047° 157051  1.64+050° 157051  1.64+050° 157051  1.64+0.50°
Acrid taste 1.79£0.80°  1.64+050°  157+051°  1.64+050°  157+051*  157+051°  1.50+0.52°
Color 3.07+0.27*  3.00+0.55*  3.00+0.55* = 2.86+0.53* = 286+0.53* = 2.79+0.43*  2.79+0.43"

1
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Table 8. Sensory evaluation of Green onion Kimchi fermented with different level of temperature stored 12 weeks

Sensory sl 6.5C 10C 22+1°C

attributes pH 45 pH 4.3 pH 4.5 pH 4.3 pH 4.5 pH 4.3
Overall acceptability | 1.21+0.43%"  221+0.70°  2.29+0.61°  3.29£0.73"  3.14£0.53"  4.00£0.78*  3.43£0.94°
Sourness 3.00:055%  3.93+047°  4.21+£043™  4.00+0.39°  4.43:051"  4.07+047™  4.64+0.50"
Sweetness 1.57£051¢ 2644084  271+0.73>  379+0.70°  3.71+0.83%  4.14+0.36°  4.00+0.39°
Bitterness 450+052°  393+0.62°  3.79+058"  2.79+0.58 279058  2.00+0.55¢  2.07+0.62¢
Off flavor 1.71+091*  150+0.65°  150+0.65°  1.36+050°  1.36+050°  1.36+050°  1.36+0.50°
Acrid taste 1.07£0.27*  1.07+0.27*  1.07+027*  1.07+027*  1.07+0.27*°  1.07+027*°  1.07+0.27°
Color 3.00+0.39"  3.07+047*  3.07+047* = 293+047*  293+047*  2.79+058*  2.79+0.58"

1
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