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The effects of low temperature storage and aging of Jeot-kal on
the microbial counts and microflora
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Abstract

The addition of 5% NaCl to standard plate count (SPC) and bromcresol purple (BCP) agar showed the
highest viable cell counts for Jeot-kal samples. The use of 15% glycerol as cryoprotectant showed the highest
microbial survival rate at both temperatures, -20°C and -170°C, and on both colony count media, SPC and
BCP. During the aging, the pH of Bajirak Jogae-Jeor (fermented clam) decreased from 6.8 to 5.0. Crude
protein content was 10% for Bajirak Jogae-Jeot and 6~7% for Myeolchi-Jeot (fermented anchovy). Microbial
population of Bajirak Jogae-Jeot was 10° CFU/g after 4 weeks of aging, but was only 10** CFU/g in the
case of Myeolchi-Jeot. The proportion of Gram positive and catalase negative bacteria in Bajirak Jogae-Jeot
increased drastically during the 4 weeks of aging, which showed typical lactic bacterial fermentation. After
2 years' storage of Jeor-kal in liquid nitrogen tank, the cell counts of total aerobic or lactic bacteria were
decreased, resulting in about 10% survival rate. Microbial floral change of Jeot-kal was also investigated. In
the case of Bajirak Jogae-jeot, the ratio of rod to cocci and that of Gram negative to positive increased after
liquid nitrogen storage. But, rod to cocci ratio of Myeolchi-jeot decreased after liquid nitrogen storage. The
ratio of yeasts decreased in both cases after storage.
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Table 1. Viable cell and lactic bacterial counts (log CFU/g sample) of Jeot-kal (fermented fish) according to variable salt

concentration of media

Viable cell counts (PCA") Lactic bacteria counts (BCP?)
Fenf?:; ted NaCl concentration (%) NaCl concentration (%)
0 5 10 15 0 5 10 15
Anchovy 6.04 7.63 5.63 5.77 0.00 541 0.00 0.00
Clam 473 5.04 3.60 0.00 4.56 4.83 4.00 0.00
Shrimp-1 5.57 4.34 0.00 0.00 2.85 2.30 0.00 0.00
Shrimp-2 6.65 691 5.38 3.00 5.76 5.88 5.04 3.48
Squid 6.04 6.26 5.99 0.00 4.78 4.48 0.00 0.00

YPlate count agar for total aerobic bacteria

YL actic acid bacteria count medium containing brom cresol purple.
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Table 2. Effects of five cryoprotectants and of two storage temperatures on the microbial survival rate (%)"

Storage condition Cryoprotectants (%)
Cell L Skimmilkk 5  Skim milk 5
counts” Temperature® ?du:i Glycerol 15  Skim milk 10 Sl:;gnr}\;)lll( 110 sucrose 8 lactose 8

o gelatin 1.5 gelatin 1.5
. 1 83.7 315 587 558 636
“:(')’ig“ Liquid nitrogen 30 757 241 413 512 442
1 234 112 6.4 25.6 6.7
(PCA)  Deep freezer 30 206 72 17 13.1 24
Lactic - 1 676 247 240 364 319
bacteria  -iquid nitrogen 30 613 173 138 279 203
counts f 1 5.7 0.0 0.7 6.9 0.0
gcp) ~ Deep freezer 30 13 0.0 0.0 0.0 0.0

YSurvival rate (%) values were the mean value of two fermented shrimp products and of one fermented clam product.
YPlate count agar containing 5% NaCl for total aerobic bacteria Lactic acid bacteria count medium containing brom cresol

purple and 5% NaCl
%.170°C in liquid nitrogen tank, -20°C in deep freezer.

Table 3. Chemical compositions of Bajirak Jogae-jeot (fermented clam) during the fermentation

NaCl Fermentation Concentration (%)

; . pH . - —
concentration(%)  period(week) Moisture NaCl Protein Amino-nitrogen

Raw clam 73 81.8 2.6 04 02

10 0 6.8 721 11.7 10.1 0.8

2 5.8 73.1 16.7 10.0 03

4 52 72.4 17.6 10.0 0.5

Raw clam 7.3 81.8 2.6 04 0.2

0 6.6 75.0 12.0 89 04

15 2 59 723 16.1 11.6 0.5

4 53 679 26.8 11.2 04

8 50 69.0 174 9.8 0.3

12 49 74.8 133 10.9 0.7

Mooy 39 MEwHS g 0jME o el
AZ SANA F o3ty B FHRE Fo
o] Bl B3} MR B4 QleA] H4-8 o
oln 7] ¢ia AR WAAY FAANY F vAE
=9} o] 3latA B H3LE XA A= Table 3, 4, 5,
6l A R A o} ZARNE S4de] Al o
g pH Ztol 6.89A ¢k 50 AR Zhieigy oy
A ke wiglgle] oF 10% F TP} ol A
20 eke SAde] AYPERWA o7t FrlEl= A
2 Hych gubsel Azt pH L ¢ 5.5~6.5 °]A]
b AR L] 7S Al 93 Al LRt f=
He] pH Ztel WAl A€ Aoz 4A4E 4 o
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7348l NaCl ¥k 239 Jvislger 8 9
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gl e =0l WX 4F AR FAHAIIE 8
A Alg ¥3Hgt AZoo] =lAe o Fe| 3o
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A AEE A HEz 54 27 IYE
= o] AP Slof <A ko] Fou} 4F of
Folle Fgdel 2 ANHZ2 SR DA
o AR it Aoz Az olulxe Ak
9N 4FAe) et F 23 Flske AL B
et

ZARY SADAYE vl YESE Table 59 A
AolAe] B2 A AN BedFE Zia} o] 10%
2FHNE A 25 15% AFHIME 4574
o Yutngsst HAES7E A FURIEY. &, &
Z A7} 159 2ARLE 10% W7l v)E] njgBpe)
F7V& w7} Adse dubddares §4 275E A
71l SA4 A 4% SV Heln sl 5
A 8FellE et 71EE Jehidrt 12534 %zt
FAasle AL Hgon, AAFSE 4 457HF
= gubd et vt AE JeplAT $4 45
o] Foll = ZtaESdt HAgA L] AN F v|AE
£o] W= Table 69) AX LM BE A Az}
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Table 4. Chemical compositions of Myeolchi-jeot (fermented anchovy) during the fermentation
Myeolchi-jeot Fermentation period : Concentration (%) . _
(week) Moisture NaCl Protein Amino-nitrogen
Raw anchovy 85.15 3.08 12.52 0.55
0 73.45 20.52 13.68 0.40
4 70.58 20.66 4.65 0.15
Chungmu 8 69.62 20.96 5.04 0.15
19 69.32 20.66 5.37 0.16
28 68.69 21.10 6.43 0.18
38 68.15 21.54 7.22 0.18
47 67.25 21.84 7.1 0.21
Raw anchovy 84.49 2.64 12.39 052
0 72.56 16.71 11.09 0.30
4 70.72 20.52 2.86 0.20
Keoi 8 70.38 21.25 4.15 0.18
)e 19 69.85 2257 5.38 0.20
28 68.89 2242 5.69 0.17
38 68.64 23.59 6.12 0.19
47 68.62 23.74 6.38 0.18

Table 5. Viable cell numbers of Bajirak Jogae-jeot (fermented clam) before and after liquid nitrogen storage during the

fermentation

Viable cell numbers (Log CFU/g sample)

NaCl concentration Fermentation period

%) (week) PCAY BCPA?
Before” After” Before® After®

Raw clam 54 38 35 39

10 0 4.1 3.1 20 2.5
2 9.5 9.0 8.6 6.5

4 9.7 9.0 8.5 6.5

Raw clam 54 38 35 39

0 36 35 30 25

15 2 54 6.6 37 4.1
4 9.8 6.1 9.7 6.4

8 10.9 5.6 79 4.7

12 9.9 6.3 8.2 59

YPlate count agar containing 5% NaCl for total aerobic bacteria
MLactic acid bacteria count medium containing brom cresol purple and 5% NaCl

3Samples before liquid nitrogen storage (-170°C)

“Samples were stored in liquid nitrogen tank (-170°C) for two years.

MM BeFi= At o] 543717e] Al ofe}
AAH o2 Fadhe 7S veple $4 28F R
= duhFeE 10™° CFU/g sample, AT 107
CFU/g sample2 728l 37 dAAAY F$+
A2F M i R 25 24 Fa
g ubd AA dA AR A9 YE PA FE
A7l F vl E o ghavt el A et 200
Aol vl8 @2 vYEPE JepidEd ol A
fRlo) AFEE7l 20% o|eE ARG ¥
el Aoz Az

HHBAUML| A|ZHEO| O|ME 0| DXl HE
A A4 Hael 23zt BE 2 AlRe] 04

E $E zAERE W Table 5904 BeFe A 3¢
o] &q4e} APy BF BE F hAENI, 15%
NaClg #H7}gt 2AA9 A% 10% H7is 248
t} 4% o]F v|YEL] AEFo] o] A oK Table
5). WA Alge] 4= Table 644 RoF= 7
# o] udE 4 F FFTE HAHLE oF 0%
o]} Apdslgl e, Al dXAAe} 4£F A3} 05
A X g2 el dukdFsel FAFS 2F A
Zgo] A WA (Table 6). AFe] H7HEA e
gx) YRS A A2FE M7 SAHHA T AR
e} oA g 5o AaAEs) o Zo A Al8e
Hajel A A 8F wwshy JAAL BE F ujyE
2] 4 Ax dX93Y HFevl 2AAEA o
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Table 6. Viable cell numbers of Myeolchi-jeot (fermented anchovy) before and after liquid nitrogen storage
Viable cell numbers (Log CFU/g sample)

Fermentation period

Myeolchi-jeot PCA" BCPA?
{week)
Before® After” Before” After”
Raw anchovy 10.2 7.5 77 6.5
0 5.8 4.8 53 43
Chungmu 4 4.7 38 40 29
8 39 37 36 2.9
19 59 - 5.5 -
28 53 - 2.7 -
Raw anchovy 9.0 6.9 7.4 55
0 10.3 5.6 7.0 4.5
. 4 30 - 2.0 -
Keoje 8 48 - 20 -
19 4.3 50 37 20
28 38 43 22 29

UPlate count agar containing 5% NaCl for total aerobic bacteria

YLactic acid bacteria count medium containing brom cresol purple and 5% NaCl
»Samples before liquid nitrogen storage (-170°C)

“Samples were stored in liquid nitrogen tank (-170°C) for two years.

Table 7. Distribution (%) of microbial flora in Bgjirak Jogae-jeot (fermented clam) before and after liquid nitrogen
storage during the fermentation

Liquid  Fermentation Gram positive bacteria

nitrogen period Catalase positive Catalase negative m*agcr::fizuve Yeast Togic a[:;_(;blc
storage (week) rod cocci rod cocci
10% NaCl
Before" Raw clam 40 24 4 8 22 2 100
0 47 13 4 15 19 2 100
2 0 26 44 0 14 16 100
4 0 10 44 40 6 0 100
After? Raw clam 43 14 0 14 29 0 100
0 61 4 0 8 23 4 100
2 0 0 78 0 22 0 100
4 0 10 44 40 6 0 100
15% NaCl
Before" Raw clam 40 24 4 8 22 2 100
0 16 52 6 12 14 0 100
2 0 28 30 30 10 2 100
4 10 0 59 3] 0 0 100
8 10 0 33 40 10 6 100
12 16 4 12 18 0 50 100
After? Raw clam 43 14 0 14 29 0 100
0 62 20 8 5 5 0 100
2 2 0 11 48 30 9 100
4 10 0 74 16 0 0 100
8 15 0 55 0 30 0 100
12 0 0 18 34 48 0 100

YSamples before liquid nitrogen storage (-170°C)
BSamples were stored in liquid nitrogen tank (-170°C) for two years.

Zd{ek(Table 5, 6). Al82] AAEHF KA Nz sy 89| DIME o8 HE
ABRE F ol ESe] AR Alelell: FAY # A SR F F AA Ax "3elMe AE A
A7b Yehizle edstet B BEo| Az nYE dFol vlA: QS FA
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Table 8. Distribution (%) of microbial flora of Chungmu and Keoje Myeolchi-jeot (fermented anchovy) before and after

liquid nitrogen storage

Liquid  Fermentation Gram positive bacteria . y T .
nitrogen period Catalase positive Catalase negative ural;ralcr::ﬁ?itl\e Yeast Og:: ::::].oablc
storage (week) rod cocci rod cocci
Chungmu
Before"  Raw anchovy 2 0 0 30 68 0 100
0 2 7 2 33 57 0 100
4 0 44 0 0 56 0 100
8 0 98 0 2 0 0 100
After”  Raw anchovy 0 7 7 64 I8 4 100
0 0 12 8 50 23 8 100
4 0 19 0 33 48 0 100
8 19 12 4 31 35 0 100
Keoje
Before"”  Raw anchovy 3 0 0 56 41 0 100
0 38 0 17 17 28 0 100
19 12 0 0 0 27 61 100
28 38 19 2 0 38 2 100
After”  Raw anchovy 0 0 0 80 20 0 100
0 0 0 0 58 42 0 100
19 10 43 0 0 38 10 100
28 15 27 0 1S 35 8 100

YSamples before liquid nitrogen storage (-170°C)

2’Samples were stored in liquid nitrogen tank (-170°C) for two years.
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