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Evaluation of Microbiological Safety of Commercially Salt-fermented

Fishery Products by Raw Materials
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Eighty-nine different types of commercially salt-fermented fishery products comprising various raw materials were
analyzed for total aerobic bacteria, number of coliform bacteria, fecal coliform, and Escherichia coli. The food-
poisoning bacterial content of the samples was investigated using next-generation sequencing. The mean mass of
total aerobic bacteria in Jeotgal was 6-1.8x10° CFU/g, and that in Aekjeot and Sikhae was 4-2.2x10° CFU/mL
and 1.9x10°-8.4x10% CFU/g, respectively. Coliform bacteria were detected in 9 (28.1%) of 32 Jeotgal samples; 15
(46.8%) of 32 seasonal Jeotgal samples; and in 5 (55.5%) of 9 Sikhae samples. Fecal coliform and E. coli were not
detected in 86 of the 89 samples. Yersinia enterocolitica was detected only in Galchi jeot (salt-fermented hairtail) (1
type) and not in other Jeotgal samples. These results contribute to our knowledge regarding the bacterial stability of

salt-fermented fishery products.
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A A= A7F 48 9 n|yE9] 2o ofsto] f-2] ofn]
teAbolu A A} leto] o 2hg ek Adwe] A gl ofsh
S st S E A5 "ok A47Y] 400 B
e mAES i WA 2714, @714date] S<Eskal
22X 27| 9)l+= Micrococcustt-, Brevibacteriumat, 24+ A A4+t
Bacillus subtilis, Leuconostoc mesenteroides, Pseudomonas
wt, Flavobacteriumsto] $-A|8kaL F7]0ll= a7} A8ttt
A 42 A ITH(Kim, 2008). 2] 3 A7 A= fEs
o, i, QAT & TF7F AL o5 H&e AHF- 28
Al719F o] thEm, s+ 3 1M, 2olR 5 dEe 3
7¥ob7) = st & thefeh F7-9] rlAE o] EAIRTHKoo et al.,

2016). Leut 2 LAY A= Faf 2 A A=A
Tk AW E A SkA 7] 2L WEF O] 2 A 3ol et 27} 3l
Z8]7}F 719 51 QI th(Kim, 2020). o] 217t A H o} 524 &f 2]
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of WA Q1 AtAI7} ol ow, At S7FeeE o
baato|u that o] A& dEE0] F7IRItH(Lee et al,
2008; Ko et al., 2017; Song and Kim, 2017). £3], tjf&Z2
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2018). wheb oA SAHO|T QT AL S B
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al., 2008; Choi et al., 2018). T&}A] E Ao A= Al -5 5
3 9E AZHE AL, AR, A, As2 THste] U2
of T SNSRI 9 H UM TS B 2ALE B9 Al
s14 S1ARH A S B7bstgch.

N =
N

AR B el B A9e FA0E A §
FE|3 9 8939 A RS FYHsict. 0|5 A RS AR u}
eh A B, 2K 5 ol 2 AZE AR 19534, ik,
A9, 40| 2 A2 AR 1352 AHg Stk FEALL

Foprtu], Hol G ol R R AZE AR 7E, B, 8, =, vh7]
25 YRR AZRH AR 9F, 0o, dA] 5 FERE AX
H AR 8%, sk, WA, Bo 5o AlxH AR 858 AMgS)
itk E3F HALS W) oA 103, 7hte] HA 5, 2] AA
155 AFg3Hg o, A5 of RAXEANRSE
T} 425 AFE5FY tH(Table 1).

UtkEA 5

Z2nczxza
T X =

AUHEA| 4= Standard Methods for the Examination of
Water and Wastewater (APHA, 1984)2] HlHHof| w2} stan-
dard plate count agar (Difco, Detroit, MI, USA)E AN&-5}
o] 3520.5°Col| A 24-48A]7F HljoFal B
(CFU)Z YERf STt
&, 2HACHRR,

o, ™
gt 9 2¥A WA Recommended Proce-
dures for the Examination of Seawater and Shellfish (APHA,
1970)2] Wi ol whet Al shalet. thabatt W A o=t
Z]8+4=H (most probable number, MPN) 2.2 A| &35} o, A
=100 mL ®+= 100 g & MPN & = UERH QiTt o=t Al
2 ISO/TS 16649-3 (IS0, 2005)2] Hhof] whet A A5kt A
25 AlEo] 0.1% peptone 3|45 37}5to] T4t £ min-
erals modified glutamate medium (Oxoid Ltd., Basingstoke,
Hampshire, UK)oll &5} vijeFstal, gt o2 wgt A9
FN-S tryptone bile glucuronoide agar (Oxoid, UK)of &4
HjFsto] A 22 (blue colony) = =54

o B |
colony) 44 72 BeIsH MBSO 2 Y 4T
It

o T T =
MBEND EH
Al ZE/{ﬂ

Aol 755 AL H/dE ohetstr] ffsliA AEs=
91 Bacillus cereus, Campylobacter coli, Campylobacter je-
juni, Clostridium perfringens, Enterohemorrhagic Escherichia

&, colony forming unit

PN

=X
o =S

Z2h(blue-green
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coli, Listeria monocytogenes, Salmonella spp., Vibrio para-
haemolyticus, Yersinia enterocolitica®] &4 55 NGS&
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At A A4S MiSeq™ System (Illumina, San Diego,
CA, USA)S ARE-3loITh A 2Abe] L2 &L et al, 2012)
o] w2} PowerSoil® DNA Isolation Kit (Cat. No. 12888; MO
BIO, Carlsbad, CA, USA) & Al8-5}] DNAE $=&3}%c} 2+
Al E A&+ Tlumina 16S Metagenomic Sequencing Li-
brary 2.5 2o whe} Zu]E|9lo ], DNA 9 4.8 217
PicoGreen & Nanodrop Kit (Thermo Scientific, Willington,
CT, USA)E AHg-sto] S35kt 2% 241 PicoGreen H|
olBl & ARg-Sto] et 9 E95H3l e LabChip GX HT
DNA 14+ Kit (PerkinElmer, Waltham, MA, USA)S AR+
ato] gho] B e 2] o] 27|15 ERIFrh 18 the MiSeq™ A
918 AFg3k0] DNA AITIALS 41437, 91 efo| Hejel o] o
W A/ &= A/ paired end A HAE HESHo] T 71
HEZHS A3lck A&t OTU (operational taxonomic unit) -
Qs AlEL 277 23R dHlolE S AIASHL 97%8] 2
28 Zle 2 ZhE ARE-Sto] A4 sH T

OTU ¥4 ¢ B3 A1 =25 9J8] QIIME (v1.8.0)& A&
ribosomal database project (RDP; Release 11, Update 4: 2015
W59 269) loleH|o]AE F2sto] ZH OTUS| =8 AJH 2
= vyl B8 JRE UCLUST (v.1.222)2 ARgalo] B
Harict,

gt A3+ Table 20 YERHICE
5 OlR iz o HAMES Au R Algdnt
H7heto] WraAA A 2et Az Ao ARkAltS He=
6-7.6x10° CFU/go| )L, 7|e} AMES YR Z A 23 AL F
sl AR dutdlatar W9 6.2x10%-1.8x10°
CFU/ge & T2 A3} vlasto] Alfdake] wokeh A
Ao YUt 4.8 X 10-4.7x10° CFU/ge]™, Ha et al.
(2007) AJ9-A1e] AkAlt 2 F4=30] 2.7 log CFU/golH,
ZH 02 4K FE= AoA0] 3.6 log CFU/gO 2 K a1a}
HOoLt B oo A= dubhlat7t 2 Al ElE ).
oJRE YRR AzH FAAY T diFopr i A L] YA
=7t 2.7x10° CFU/gol 1oL, vhAeh, A5, B, 28 7
2 gHE Ao A 9] dRthlgr M= 1.4x10%-1.0x10°
CFU/gelolom, A5 WAoo g ke oFd Ao Aut ARy
=71 1.0x10° CFU/go] 91t

ool 7], YA, Aol E HuE AzH FdAZol
Ao] ARtAldta= LEtAlREe] 9= 2.7x10%-1.1x10° CFU/
g2 & Yepyton, s, WA, a5 7|e AHES ¢
22 A 2E FdRL) A 2 AvtlgrE AHkATe] =

=
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Table 1. The profile of samples in commercial salt-fermented fishery products
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Type

Material

Sample name (Korean and English name)

Sample No.

Jeotgal

Fish

Mpyeolchi jeot (B X|H, Salt-fermented anchovy)

Galchi jeot (ZX|A, Salt-fermented hairtail)

Galchi sog jeot (ZX|&%, Salt-fermented hairtail viscera)
Hwangseogeo jeot (&40{%, Salt-fermented yellow croaker)
Gonori jeot (1 =2|%, Salt-fermented Thryssa koreana)

Jab jeot (E1A, Salt-fermented various fishes)

Kkanali jeot (7tLt2| %, Salt-fermented sand lance)

Kkongchi jeot (ZX|%, Salt-fermented pacific saury

Bendeng ie jeot (81240|%1, Salt-fermented large-eyed herring)

6

Others

Sungge jeot (A, Salt-fermented sea urchin)

Heasam changja jeot (5 &2XHA, Salt-fermented sea cucumber entrails)
Saewoo jeot (M2H, Salt-fermented shrimp)

Gonjaeng ie jeot (20| A, Salt-fermented mysida)

Seasonal
Jeotgal

Fish

Jalidom jeot (XI2|&H, Salt-fermented damsel fish with seasoning)

Jeoneobam jeot (H0{2+A, Salt -fermented gizzard shad stomach with seasoning)
Myeongtae jeot (HE{X, Salt-fermented pollack with seasoning)

Daeguagami jeot (LHT20}7t0| %, Salt-fermented cod gill with seasoning)

Jeoneo jeot (FI0{A, Salt-fermented spotted sardine with seasoning)

Myeongran jeot (H2tX, Salt-fermented pollack roe with seasoning)

Changran jeot (Z-t%, Salt-fermented pollack intestine with seasoning)

Shellfish

Bomal jeot (227, Salt-fermented top shell with seasoning)

Jeonbok neajang jeot (M2 LIS, Salt-fermented abalone viscera with seasoning)
Jogae jeot (Z71%, Salt-fermented clam with seasoning)

Origul jeot (2|2, Salt-fermented oyster with seasoning)

Bajirak jeot (HX|2t%, Salt-fermented manila clam with seasoning)

Cephalopod

Gaboajingeo jeot (22 E 0| A, Salt-fermented cuttlefish with seasoning)
Kkolttugi jeot (2571, Salt-fermented baby octopus with seasoning)
Qjingeo jeot (2EMA, Salt-fermented squid with seasoning)

Nagji jeot (<tX|H, Salt-fermented long-legged octopus with seasoning)

Others

Heasam neajang jeot (G&ILI A%, Salt-fermented sea cucumber entrails with seasoning)

Meongge jeot (HH X, Salt-fermented sea squirt with seasoning)
Toha jeot (E£51%, Salt-fermented freshwater shrimp with seasoning)

Aekjeot

Anchovy

Myeolchi ackjeot (B X|2%, Salt-fermented anchovy fish sauce)

Sandlance

Kkanali aekjeot (77tLI2|24%, Salt-fermented sand lance fish sauce)

Hairtail

Galchichang aekjeot (Z x|, Salt-fermented hairtail fish sauce)

Sikhae

Fish

Okdom sikhae (25A!5l, Salt-fermented red tilefish with grains)

Gajami sikhae (7tXt0|Al5H, Salt-fermented flat fish with grains)

Gajamibap sikhae (71AH0|E1AIGH, Salt-fermented flat fish with rice)

Dorumuk sikhae (=2=4!5l, Salt-fermented sailfin sandfish with grains)
Hoesdaebap sikhae (2ICiEAIGH, Salt-fermented black edged sculpin with rice)

Cephalopod

Qjingeo sikhae (2 E0{Al5l, Salt-fermented squid with grains)
Ojingeobap sikhae (2 F 0 EtAl5Y, Salt-fermented squid with rice)

B N & B e N . T N IS S ) [ e I IS NS I G B IS NS ) P N N I &' B &' I N N R T T T = N N N &' T o « IR N N [ |\ T N e . T A IS I\ )
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Table 2. The results of microbiological quality evaluation of commercial salt-fermented fishery products, Jeotgal and seasonal Jeotgal

Microbiological quality

. Sample Total aerobic Coliform Fecal Escherichia
Type Material No. Sample name bacteria group coliform coli
CFU/g MPN/100 g
6  Myeolchi jeot (Salt-fermented anchovy) 1.5x10%-1.2x10°  <1.8<18 <1.8-<18 <1.8-<18
2 Galchi jeot (Salt-fermented hairtail) 2.5x103-3.3x10° <18 <18 <18
3 Galchi sog jeot (Salt-fermented hairtail viscera) 5.0x10%7.6x10° <18-230 <18 <18
2  Hwangseogeo jeot (Salt-fermented yellow croaker) ~ 20-9.0x10* <18 <18 <18
Fish 1 Gonori jeot (Salt-fermented Thryssa koreana) 6 <18 <18 <18
1 Jabjeot (Salt-fermented various fishes) 1.5x10? <18 <18 <18
Jeotgal 1 Kkanali jeot (Salt-fermented sand lance) 1.4x10° 20 <18 <18
1 Kkongchijeot (Salt-fermented pacific saury 1.8x10* 230 <18 <18
2 Bendeng ie jeot (Salt-fermented large-eyed herring) 5.0x102-8.4x10* <18-45 <18 <18
1 Sungge jeot (Salt-fermented sea urchin) 1.8x10° 490 61 <18
Heasam changja jeot (Salt-fermented sea
Others 1 cucumber entrails) 6.2x10° <18 <18 <18
8  Saewoo jeot (Salt-fermented shrimp) 4.8x10%-4.7x10° <18-230 <18 <18
3 Gonjaeng ie jeot (Salt-fermented mysida) 1.5x10-4.2x10% <18 <18 <18
Jalidom jeot (Salt-fermented damsel fish with
1 seasoning) 3.3x10* <18 <18 <18
Jeoneobam jeot (Salt -fermented gizzard shad
1 stomach with seasoning) 1.2x10° <18 <18 <18
Myeongtae jeot (Salt-fermented pollack with
1 seasoning) 1.5x108 78 <18 <18
. Daeguagami jeot (Salt-fermented cod gill with
Fish 1 seasoning) 2.7x108 2,400 <18 <18
Jeoneo jeot (Salt-fermented spotted sardine with
1 seasoning) 5.3x10* 1,300 <18 <18
Myeongran jeot (Salt-fermented pollack roe with
1 seasoning) 1.4x10* 68 <18 <18
Changran jeot (Salt-fermented pollack intestine
1 with seasoning) 7.2x10° 18 <18 <18
Jeju bomal jeot (Salt-fermented top shell with
1 seasoning) 1.3x10* <18 <18 <18
Jeonbok neajang jeot (Salt-fermented abalone
Seasonal 1 viscera with seasoning) 1.0x10° <18 <18 <18
Jeotgal  Shellfish 1 Jogae jeot (Salt-fermented clam with seasoning) 1.4x10° 20 <18 <18
3 Origul jeot (Salt-fermented oyster with seasoning)  6.0x104-3.7x107 <18-140 <18 <18
Bajirak jeot (Salt-fermented manila clam with
3 seasoning) 3.6x102-1.9x10° <18-20 <18 <18
Gaboajingeo jeot (Salt-fermented cuttlefish with
L seasoning) 3.8x10° <18 <18 <18
Kkolttugi jeot (Salt-fermented baby octopus with
Cephalopod 1 seasoning) 3.4%x104 <18 <18 <18
5  Qjingeo jeot (Salt-fermented squid with seasoning) 2.2x10%-1.1x10%  68-22,000 <18-40 <18
Nagji jeot (Salt-fermented long-legged octopus
1 with seasoning) 2.710° <18 <18 <18
Heasam neajang jeot (Salt-fermented sea
2 cucumber entrails with seasoning) 1.4x10%-8.8x10? <18-490  <18-20  <18-20
Meongge jeot (Salt-fermented sea squirt with
Others 5 seasoning) 7.2x10%1.4x107  <18-2,400 <18 <18
1 Toha jeot (Salt-fermented freshwater shrimp with 1.3x108 <18 <18 <18

seasoning)
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1.4x10%-1.4x107 CFU/go. & AZE i) ¥, 7], 23
HAR2 Alzxd HA o YutAlet4 W $l= 4-2.2x10° CFU/mL
AEE U E75, 7HA], 8], §55 5 olRE YRE A%
=l A3 9] Uuthlat2] M= 6.0x10%-8.4x10° CFU/go]
Z5glon, 94 o] A8= 105 CFU/go] <% $ItH Table 3).
ALFO] Uit YR AR &S o] ot Ha
A7 Az A of vlste] 1271 5o Fdo] 23 d
Azt Alsfoll Al ghego] w9kt AZe] YR uE Uyt
Alet=9] 2pol= g o] 85 Zx| &R 3 A7 o2 AL
of H|ato] AJGa] wokom, FIAZ2 YRl w2 UvtA|F
429 zpo)= mo upeh At 2ol 7t 9llen, A= o4
ofo]] vlste] o FE o]&sto] AxHE AlEo|A U¥AlF=7F
EA A= 0. teha] AR AR WS YR E A
SoAY 50] A% T, FEFE YRR ARESto] Alxgt
Ada FdAL 9 A= A2 9 {5 olA] A
fge7E E asict.
T, EHA YT, e

& 89N AT AR F dPatol dEE AlEe F 29710l
o, WA 9] 32.5%7F AEH A 53] g2 T 32H AR T
971(28.1%), I AL = 327 A= 3 1571(46.8%), HAL

of
2,
N
N
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AEEA| gFokow, As= 97 A= 5 57H(55.5%) A&7t 3
=5 1tH(Table 2, Table 3).

oJF E ofF MES YRR AR A4 FES
<1.8-230 MPN/100 g, 7|} AHE-S 9= & A 23t Az o
Aa-2] 9= <18-490 MPN/100 go| %1 th(Table 2).

oFE YRR A xH FIAZL T torm| ATt oA
7o) 247k A2 2,400 MPN/100 g 2 1,300 MPN/100
golgleon, Zre o], BE7|, YA, eAoE s AxH
PR TS <18-22,000 MPN/100 go] AZES]
o} 7l $ARES YR E AxE FdAZA 2
<18-2,400 MPN/100 go] A&E It} o7& H=a= Azxd
Aaf 2] A2 <18-230 MPN/100 go] 9101, @ o] A3
= HEEHA Fodh EHA N 2 R A A
Rol| &0l on, A& 24 o], alAlA, 7HAu] 45|
4] 20-40 MPN/100 go| 7125 of gFaFo] ufl-2- Wrofth(Table 3).

AF 45 A4 510l oist i+ HE e AR 2
I A& F 177004 digtto] &= on, et A5
0.8+1.2 log CFU/g© & B 1% QItH(Choi et al., 2018). E3] &
=71A, LA oA, HoldAl o] zHzk it 2.7, 2.1, 2.1 log CFU/
go =2 7 =& LHEE UEtITh 2 AtelA AdR=
<18-22,000 MPN/100 go]¢l.o.H, tjtolrhu) Az, WA A, &

Table 3. The results of microbiological quality evaluation of commercial salt-fermented fishery products, Aekjeot and Sikhae

Microbiological quality

Sample Total aerobic Coliform  Fecal Escherichia
Type Material Nop Sample name bacteria group  coliform coli
CFU/mL MPN/100mL
(CFU/g for Sikhae) (MPN/100g for Sikhae)
Myeolchi aekjeot (Salt-fermented anchovy } .
Anchovy 10 fish sauce) 4-2.2x10 <1.8 <1.8 <1.8
Aekieof Sandlance 5  kanall aekjeot (Salt-fermented sand 4-7.8x10° <18 <18 <18
lance fish sauce)
Hairtail 1 Gq/cﬁichang aekjeot (Salt-fermented 2 4x102 <18 <18 <18
hairtail fish sauce)
Okdom sikhae (Salt-fermented red tilefish s
1 with grains) 8.4x10 <18 <18 <18
Gajami sikhae (Salt-fermented flat fish s
1 with grains) 2.0x10 20 <18 <18
Fish 1 G_ajamibap sikhae (Salt-fermented flat fish 1.8x108 20 20 <18
with rice)
. Dorumuk sikhae (Salt-fermented sailfin 5
Sikhae 1 sandfish with grains) 6.0x10 <18 <18 <18
1 Hoesdaeba;_) sik'hae. (Salt-fermented black 2 6x10° 230 <18 <18
edged sculpin with rice)
3 é)rj;rivggo sikhae (Salt-fermented squid with 4 o 165 7 15105 <18-45 <18 <18
Cephalopod . . )
1 Ojingeobap sikhae (Salt-fermented squid 33%105 <18 <18 <18

with rice)
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Table 4. The results of food-poisoning bacterial quality evaluation of commercial salt-fermented fishery products

Product name Jeotgal  Seasonal jeofgal  Aekjeot Sikhae
Number of sample 32 32 16 9
Bacillus cereus ND ND ND ND
Campylobacter coli ND ND ND ND
Campylobacter jejuni ND ND ND ND
) Clostridium perfringens ND ND ND ND
Z?ct:c?gggrﬁisms Enterohemorrhagic Escherichia coli ND ND ND ND
Listeria monocytogenes N/D N/D ND ND
Salmonella spp. ND N/D ND ND
Vibrio parahaemolyticus ND ND ND ND
Yersinia enterocolitica 1 ND ND ND

ND, not detected.

oj oA =& thdtwtol HAEH U Lee et al. (2008)%] A
AT A = A0 At Bt 1.4 log CFU/g2t 4P
Ao M= Bt 2.3 log CFU/go] BRIl o, tigat2 &
FAZ AT 970 CFU/g HEE Aatet g, 2 AdoA=
et HEEHA U

A

% 5B 59 LR AFETE) §5-2 elalr] 919
A Y A 7] 4 D (next-generation sequencing, NGS) 4 2
I, AR A (1) A9t Yersinia enterocolitica?} 7325 $ict
(Table 4). o|& A &gt t}2 AZ-Fo)| A+ B. cereus, C. per-
fringens, Salmonella <, V. parahaemolyticus, L. monocyto-
genes, A=3 )\ 4H(Enterohemorrhagic E. coli), C. jejuni,
C. coli, Y. enterocolitica= A== A &t AZto| A Bacillus
<, Micrococcus 40| H1H3] HE% QL 7Fe]H]| A, 71Am] 4]
aff, 25713, A A 5 1752 Ao A 705-9] Bacillus < <t
Z0} 5% 9] Pseudomonas < 37} B2] Hiek= 2jo|7} 9l
SIth(Kim et al., 2009; Choi et al., 2018).

Choi et al. (2018)& PCRS o] ga} Aztzo] A|ZEgo
A$5192 wl, Salmonella <, V. parahaemolyticus, Listeria
monocytogenes, 238 A )&+ Enterohemorrhagic E. coli),
Y. enterocoliticad &5 A &FeFom, Az 204, A4 2
204l B. cereus7t AEEths Ha7} QIS 2 Aol A=
AAA 155 A &Jstar Bt o] ARl A Alesd HE
2] QIR AR AE- A 7HA] gl Ao = B A
A0 A|&A AFAAY EE Qi Ad Alx S
2 AAA QL PR -5 W 15T 5 FA R et
oizist E49e} B e,

Al AL

QT TS BEAN A0 R FAFATA

[

2] -8 wro} 435 93 Lo| 1 (E0211400-01), ¥171H] 2] Hof| 7+
A=k
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