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SUMMARY

. Title

Quality improvement and processing standardization of sikhae products

II. Object and necessity

1. Object
Studies on standardization of fish sikhae production process
Development of standard HACCP system on fish sikhae products

2. Necessity

Sikhe is traditional marine fermented korean food with flavor which match with korean.

it is good for inshore fishermen to get earning from shikhae, because it is made with useless
small fishes. for this reason, nowaday sikhae producers want to expand the market of sikhae
from the domestic market to oversea market, but they have failed to pass the imported food
inspection system in the importing countries the reasons for this are that sikhae is made in
the empirical manner which not set up the scientific condition of fermentation and has
excessively high salinity. in addition, there is not enough case of adopting HACCP. so it is very
urgent for them to make sanitarily process and guarantee stabilization of sikchae’s quality.

So, from the research and development with scientific and methodical way, we will
improvement the quality of sikhae by making the sanitary HACCP process which guarantee
stabilization of sikhae’s quality. also the standard HACCP process for sikhae would contribute
to regional economy.

. Contents and range of research

1. Standardization of the flounder sikhae, Alaska pollac sikhae and Squid sikhae production
process

- Establishment of the standard sikhae production process like optimum fermentation
temperature, salt content and optimum fermentation period

- Establishment of the standard sikhae recipe

- Standardization of stater bacteria

2. Improvement of storability and assign functionality on flounder sikhae, Alaska pollack



sikhae and squid sikhae

- Check on antibacterial and antioxidant of natural material and assign functionality of sikhae
- Check storability of sikhae by using effective component materials extracted from ethanol
and water

- Check the storability improving effect of various packaging methods and packaging kinds

3. Identification and identify nutritive functional from flounder silkhae, Alaska pollack sikhae
and squid sikhe

- Check on nutritive functional components of sikhaes
- Identification the survivorship of functional lactic acid bacteria

4. Consumer preference test and commercialization

- Adjustment recipes of sikhae reflecting consumer preferences
- Commercialization the sikhae made in standard production process

IV. Research results

1. Establishment flounder, Alaska pollack, squid sikhes standard production process

- We were able to find the average traits of sikhae by investigating the physicochemical and
microbiological traits of commercial flounder, Alaska pollack, squid sikhes. from this data, we
did the physicochemical and  microbiological experiment to know the fermentation
temperature and period, finally we were able to established the standard production process.
we also found the optimal mixture rate of sikhe minor ingredients by response surface analysis
method. as a result, we established the optimal sikhe recipe.

- We sorted good stater substitute bacteria form flounder, Alaska pollack, squid sikhes and
checked growth characteristics and suitabilities. and after all we also found standardized good
stater bacteria and established the fermentation process by adopting them into each sikhae

- The aim of this study is to select a lactic acid bacterial strain as a starter culture for
flatfish-Sikhae, alaska pollack-Sikhae and squid-Sikhae fermentation and to evaluate its
suitability for application in a food system. Flatfish-Sikhae Candidate YG331(L. brevis) is
considered as the best strain for flatfish-Sikhae fermentation for controlling pH changes and
acidity and also for safety, functional properties, and consumer preferences. Also this study
confirmed that in flatfish-Sikhae produced using the strain L. brevis PM03 there was an
increase in GABA(y -aminobutyric acid) content during the fermentation period. Accordingly,



further studies are recommended to confirm the fermentation characteristics of flatfish-Sikhae
and to review the possibility of the use of this strain as a mixed starter with YG331. Alaska
pollack-Sikhae Candidate MI(L. brevis) is considered as the best strain for alaska
pollack-Sikhae fermentation for controlling pH changes and acidity and also for safety,
functional properties, and consumer preferences. Also this candidate is confirmed to produce
the GABA( y -aminobutyric acid). Squid-Sikhae Candidate B1(L. brevis) is considered as the
best strain for Squid-Sikhae fermentation for controlling pH changes and acidity and also for
safety, functional properties, and consumer preferences.

2. Improvement sikhae storability and application food functionalities

- We verified that natural food material like an Aronia berry, propolis, wasabi have an
antibiotic and antioxidant compound. from this compound, we verified that propolis has good
storablity. we also found optimum amount of that compound form sensory test, and we
developed the sikhae that has good storability and food functionalities

- We compared storablity of sikhae by adopting various packaging paper and methods
comparing normal Nylon + Polyethylene laminated packaging paper and aluminum coated
packaging paper, retort pouch coated with aluminum packaging paper which block the light
from it showed better storablilty in case of packaging methods, we compared normal container
packaging and nitrogen packaging and vacuum packaging and coZ2 packaging.

- Although we expacted that nitrogen packaging and vacuum packaging and coZ2 packaging
would show better storability, but there was not big difference with normal retort packaging,
even some of them showed worse storablity. this phenomenon seems to be caused by
accelerative fermentation which lactic acid bacteria make in anaerobic circumstance

3. Research consumer preference about sikhae and commercialization
- We researched the consumer preference about sikhae produced in standard optimized
production process by adopting good breed state bacteria.
considering that research results, we completed sickhe products development with optimum
recipe

V. Research results and practical use of results plan
- We developed the standard sikhae production process including fermentation temperature,
fermentation period, the standard recipe, standard starer bacteria and from that process we
pursued standard flavor of sikhae and improvement quality of sikhae.

- We also developed functionalized sikhae that made of the minor ingredients containing an
antibiotic and antioxidant compounds



- We are asking for the registration of a patent with standard flounder, Alaska pollack, squid
sikhes production process.

additionally we will ask another registration of a patent and we will do our best to registrate
the results to SCI(E) level academic journal.

- We will do an technologies transfer about the standard flounder, Alaska pollack, squid sikhes
production process to juongleefood and other food companies. and we will try to commercialize
them considering an demand of each food company

- With follow-up study, we will do mass culture and mass production of GABA production
bacterium or substitute bacteria that have antibiotic property on food poisoning germ,
pathogenic bacterium.

as a result, we expact that mass production will create more added value.

- Obtaining the research project, we will do investigate the effect of the flounder, Alaska
pollack, squid sikhes functionalities with additional experiment using animals or another
research.

if we inform the superiority of sikhae through domestic or international journals, sikhae
production companies would gain more order and sale increase indirectly.

- By using this research results, high quality sikhae foods that are matched with consumer’s
preference like low salinity and well-being would be expacted to be released.

the improvement storability fo sickhae would make it more easy to distribute sikhae foods in
a sanitary way, and help sikhae companies to export sikhae foods. after all this research result
would contribute greatly to development the korean sikhae food industry
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Table 1. Chemical properties of commercial flounder sikhe

Producer oH NaCl VBN TBA Amino-N
(%) (mg/100g) value(O/D) (mg/100g)
A 4.76+0.0¢ 5.50+0.0° 47.07+0.5 0.82+0.0¢ 246.49+4.9°
B 4.7940.0° 5.33+0.0° 44.55+0.2° 0.66+0.0°  211.04+4.6
C 4.6940.0° 5.50+0.0" 45.01+0.2° 0.4140.0>  209.84+5.2"
D 4.93+0.0" 5.90+0.0% 47.22+1.0¢ 0.58+0.0° 218.724+1.1
E 4.63+0.0° 5.83+0.0° 47.19+1.1¢ 0.84+0.0¢ 222.08+7.8¢
F 5.11+0.0" 6.00+0.0¢ 37.0941.3° 0.38+0.0° 182.24+2.7°
G 4.60+0.0° 6.20+0.0° 41.94+0.5 0.87+0.1¢  214.56+1.6b™
H 5.03+0.08 5.87+0.0° 40.66+0.6° 0.33%0.0° 206.22+0.7°
I 5.02+0.08 5.80+0.0° 40.48+0.5 0.360.0° 206.22+0.2°

multiple range test.
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Table 2. Microbiological assay of commercial flounder sikhe

(Unit, CFU/g)

Marketing

Total viable

Lactic acid

products cells Yeast mould hacteria E.coli form
A 9.9 x 107 3.0 x 10° N.D 3.1 x 10 N.D N.D
B 5.8 x 10° 4.8 x 10° N.D 5.3 x 10° N.D N.D
C 6.1 x 107 3.0 x 10? N.D 4.4 x 107 N.D N.D
D 4.7 x 10° 6.6 x 10* N.D 4.6 x 10° N.D N.D
E 9.6 x 107 55 x 10° N.D 6.1 x 107 N.D N.D
F 76 x 10° 6.8 x 10° N.D 58 x 10° N.D N.D
G 1.0 x 10° 6.7 X 10? N.D 1.7 x 108 N.D N.D
H 3.1 x 10° 4.2 x 10° N.D 2.1 x 10° N.D N.D
[ 2.1 x 10° 3.2 x 108 N.D 2.5 x 10° N.D N.D

N.D ; Not detected
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Table 3. Results on the sensory evaluation of flounder sikhae

Overall
Producer Flavor Taste Color Texture
acceptance
A 4.00+1.70% 3.33+1.41° 4.89+1.66% 4.22+1.40° 16.44+5.23%
B 4.78+1.47° 4.331+.33%¢ 5.67+0.67° 5.11+1.372 19.89+4.09"
C 4.11+0.99% 3.67+1.41% 5.11+0.74% 4.56+1.26° 17.44+3.06%¢
D 3.11+1.20° 2.89+1.207 4.22+1.47° 4.44+1.64° 14.67+4.62°
E 3.22+1.23° 4.89+1.29°d 5.89+1.10° 4.33+1.252 18.33+3.06%°
F 5.33+1.15° 5.67+1.63 6.00+1.25° 5.11+1.662 22.11+4.56¢
G 4.44+1.07%° 3.56+0.96%° 5.22+0.922 4.00+2.002 17.22+4.13%¢
H 5.11+1.29° 5.89+1.37¢ 5.67+1.63° 5.56+1.172 22.22+5.07¢
I 5.11+0.99° 4.89+1.45P4 6.22+1.03° 5.44+0.83? 21.67+3.20%

“dyalues with different superscripts in the same row are significantly at P<0.05 by Duncan’ s
multiple range test.

_22_



(@) A1 7}Aw 28] 9] Biogenic amines 3

W E 2 Z o A WAYSHE biogenic aminesE QA WE s A= o oy}, g
EE olEY HAE % AFA 7Feo] A3 e AHE Afole dAE IAA E3AE F
2ltHHwang ea al., 2008). Histamine?] ¢ ZAZFAZS Loz 4 a1, tyramined] A= &
A o7 4 At} o] biogenic aminese] AA S E} 3 H.ott}. Histaminel =& A
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Table 4. Levels of biogenic amines in of commercial flounder sikhe
(Unit, mg/kg)

Marketing

products Cadaverine Putrescine Histamine Tyramine Total
A 5.39 18.84 0.47 22.64 47.34
B N.D 4.16 N.D 11.69 15.85
C 0.17 1.54 N.D 17.24 18.95
D 0.56 10.74 N.D 13.27 24.57
E 0.87 10.01 N.D 10.36 21.33
F 0.30 N.D N.D 0.40 0.70
G 0.90 1.05 0.07 3.65 5.67
H 0.32 0.57 N.D 0.78 1.67
I 0.52 N.D N.D 1.48 2.00

N.D; Not detected.
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 4.00~4.30 % HE=E YERAICH, Table 19 AA = 7%*31446114 A% 5.33~6.20% H13H
gGo Axs Yepda, 2o A= HEAE Bo § ¢ 3.60~6.67%F YER
on, fFYHoE ZolE YT HEA Y FAAEVIEAAVBNETFY] Agole
43.28~81.81 mg/100go. 2 Al=3ke] zbol7} A Ueb o, H 60.21 mg/100go2 7FA] H] 4]
ot Hl=3 FELS Yehlon, eAoAsE ¢ e 34.15~36.33 mg/100g =S YERA
ot TBA#ke] A f-ele WejA s o] vis] eAojasfolA FolHoa A Ueyon, ok
Bl A 4o ke wEAsfol A 261.46~338.39 mg/100go.E A oAla] 123.09~152.60 mg/100g
A JEbgt o, VBN E vlgHo® FrlsteE As ¢ & Aok
AgtH oz AlF HE A2 H pHe 472, = 42%, S| HT7| ™A (VBN)E2F2 60.22

mg/100g, TBAZ}S 0.21 O/D, OO|:-EfE 4 (Amino-N)&t&2 304.77 mg/100g2 LIEFLIIS
AlTH QFOfAlBHo| HR0|= I pHZE 430, YE= 3.6% e 7| A (VBN)SZS 3524
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Table 5. Chemical properties of commercial Walleye pollock and squid sikhe

Marketing NaCl VBN TBA Amino-N

products pi (%) (mg/100g) value(O/D) (mg/100g)
A 4.70+0.05 4.30+0.01°¢ 81.81+1.98° 0.24+0.01° 338.39+2.60°
B 4.76 +0.00% 4.3740.00° 51.6040.95¢ 0.13£0.00° 239.04+1.60°
C 4.65+0.05¢ 4.13£0.01° 64.17+1.464 0.20+0.01° 380.20+3.24/
D 4.78+0.00° 4.00£0.00° 43.28 +3.64° 0.26£0.03° 261.46+3.29¢
E 4.33+£0.01° 3.674+0.00" 36.33+5.41° 0.43+0.02° 152.60+7.17°
F 4.22+0.01¢ 3.60£0.01" 34.15+0.91° 0.35+0.02¢ 123.09+£0.72°

“Tyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s

multiple range test.
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£ ul, VBN & ofr| e A A3 HgHog S71s o & Aot ol B
A7} BB sAstE T ©Hd wAdo] dojvt=d o AAT} "M‘JE]%H
Z7VEHE A, FA o fakF7E 2431 cho et al. (2013)2] A7 A ¥} B wl ]
g A= FAoEoh

J-J

Sz o
TR
S =T ow
ﬁiﬁlﬂioj

e
E
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Table 6. Microbiological assay of commercial Walleye pollock and squid sikhe
(Unit, CFU/g)

l\gigl;eltci{lsg Totacleﬁlable Yeast mould L%Ztéfeigd E.coli form
A 9.5 x 10° 4.2 x 10° N.D 2.7 x 107 N.D N.D
B 6.9 x 10° 3.2 x 103 N.D 4.3 x 10° N.D N.D
C 4.7 x 10° 3.1 x 103 N.D 6.4 x 107 N.D N.D
D 1.3 x 10¢ 7.6 x 10 N.D 2.6 X 10° N.D N.D
E 6.1 x 10* 4.4 x 102 N.D 6.1 x 10° N.D N.D
F 4.0 x 10* 2.6 x 102 N.D 5.8 x 10° N.D N.D

N.D ; Not detected.
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() ABFE L eoiNe] B5d FY 54

NEE 9 ogolAsle WisH SAS Table 79 2o} Aot Aol Aol vieh}

A rgrom 618-6.49% Y=o RES upehoich e BeEjdsizh 5.33-6.37H, ©go) s

7} 6.20-7.0380.2 A4S FejHsel maA felHow Fe AFE UBIAD b

A A8 2 AAE S v E ¥ A4E Bednh BABIE B A do}
o),

B A3 s aels A AAe Se] gt wrol BeEjsh 2ol aslel us) A kol
Ueht Ase ARsm, e sl A9t AR 27 gel ] Wi o Fe
Bk dehd oz AR & Je4sle 45 DAR dAHoE %e BE vehy
et VBNEHES ol dagde note W o wedsel v R gare deh
oAtk ol 4ol g3 s AYHA ehob Frleh % I Aol ThE AsEo] H3
ol lew Aada 42 AL AL 51552 3de uehigiom, 2golxs)el

B frolAel Aol UEhbA ekgkth B

@ Ev se el A4 dehisic
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Table 7. Results on the sensory evaluation of Walleye pollock and squid sikhe

Marketing Overall

products Flavor Taste Color Texture acceptance
A 6.05+0.41%° 6.3940.502 6.30+0.10% 5.23+0.41% 5.99+0.46%
B 6.37£0.52% 6.51+0.47" 6.49+0.44% 5.17£0.82% 6.14+0.56%
C 6.20+£0.37% 6.47+0.46% 6.48 +0.28% 5.85+0.19% 6.25+0.26"
D 5.33+0.49* 5.30+0.62% 6.18£0.05% 5.15+0.78% 5.49+0.40%
E 7.03+0.41° 6.47+0.53% 6.44+0.49 6.04+0.12% 6.50+0.35
F 6.20+£0.83% 6.60+0.45" 6.49+0.47° 6.55+0.22° 6.46+0.16"

adyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s
multiple range test.
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(@ AlEBE 2 A o] 439 Biogenic amine 3F

N 2 e AojAele] Bas EFS Table 59+ #th WEAE] A~DolAE= Cadaverine
0.56~3.39 mg/kg, Putrescine 4.34~8.84 mg/kg, histamine2 £7Z, tyramine 7.27~17.24 mg/kg
HA=7F 89l HQow, F amines TS 12.17~25.72mg/kgS. 2 EFSTE BasghaES VBN 2
oM B HATFS BHkS wl, I FEFo]l =2 AddA HEHLE A UERT 2404
3] E~FollA+= cadaverineo] 0.24~0.39 mg/kg A== Yelgdon, Yz 4FF 2 amines= 7
S5A FAgTH
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Table 8. Levels of biogenic amines in of commercial Walleye pollock and squid sikhe
(Unit, mg/kg)

Marketing

products Cadaverine Putrescine Histamine Tyramine Total
A 3.39 8.84 N.D 9.64 21.87
B 2.12 6.28 N.D 11.69 20.09
C 1.17 7.31 N.D 17.24 25.72
D 0.56 4.34 N.D 7.27 12.17
E 0.39 N.D N.D N.D 0.39
F 0.24 N.D N.D N.D 0.24

N.D; Not detected.
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ERNLER)

Obh 3&FH A=2 HolH

D T
7EAE & @ o] A= e WEFO FTTY AolE LotEsH. F 1A ERE EE
A ZolA 3.7~4.2x10 CFU/ge2 W3t &9 FdE el ern & Zole A =

He 9aFe ey A=e 73717 dEol Adsta A& JAFsdn

<E 1 7HA, Be d&9 S5

Sample 7 5(CFU/g)

ZFAE] A E 420

7HAm] WE 375

Ao AE 381

7o I 371
2) H5H7}
LE YeEY YEZ AAE A A FH Ao)E FAsy] st BeHIIE AA
sttt 71AbE) 9k @ AN AE] AZFTAL Hoyr|Y AHo|ErHlol AHZHLS o]Lsle] A=

b, AS vt s A ep 9 o] 4] 5] 2

o} 8919] penele] Z+7; u, &, =z, A
FolM= FoAAJA 2ol7F YEtA] Fskty ZhApm A s o] A5 gholl A A
Al 4300 Blsl 2 H7HE Wwon, 2243 £ AE0] 58 WE 5.1@01]
& HIIE Witk VAR e o4 s groll A 67802 WE 5280 HS
PY7HE Bon ZALNAE AEo] ¢ & HIIE WU o]l WEH 7HAv e &
Az A =X o] Yo} AE B FEHrlHA B Aoz AlgHT).

o=
ru[n
)
[@2]
i
o)
o
i

iu}r%o;ﬁ_%mz
o rlo HF oft & 32

N:l:’;

oL,

rulo

<E 2. 7}A9], HEjAEe 57>

Sample Flavor Taste Color Texture Overall
Z}Ap] A= 57£0.24 51£0.21 6.2+£0.21 5.8=%0.15 22.8
7} WE 58+0.14 43+0.34 59+0.17 51+0.28 21.1
Ao AE 6.0£0.11 6.7£0.63 6.7+0.24 59+0.21 25.3
2R WE 59+0.32 52+0.24 68+0.14 48=+0.11 22.7
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Wb 8] 2olHd

7hAm], W, Aol AR E S dElste] dE FHTE A Btk & AT A7
A4 F A& FFFE AAZCE 2.0~3.6x10 CFU/ge.E Zpo]= Ao A ekt

<E 3. 7HA), 9ol WE UBY F#

Sample F7(CFU/g)
7FAe] =9 % 275
7 AR g a 310
S EHH 201
QA AgEA 371
He 9% 359
HE] A9 261

2) #s37}

7HAkm], HH, 23ofe] e 2Elste] T AolF=de AHsjAlx A wet
A E Az F BsH7HE AT AN Y A = G0l FH HeM= el 2 Aelvt
RRo groll Al R 5.67H o2 AFHA 433"l Hlste E3ka, 53] AN EHF
o] 6.330.2 253 =AU 8% peneld] HHES FHEAe W = & MRS 2243
oM FAAZE v BReta Azbo] Fral Fristith Ao =3 g g2 Aolrh A
o WA (AR Bt 2AZFo A Z47E 6.00, 6.67HOR AFHEA W F FIE W
oo wE e =3 e FEe UEhien & 97 A diol s FEE ol A
SAA o AEEGe® ISt Fo] FU YrsiA 23o] Fob = dAo] s A=zl

2% Aoz And

<E 4. 7], gE, 9ol Hs)e] BB

Sample Flavor Taste Color Texture Overall
7 =94 5.00+£0.82 5.67£0.47 6.33£0.47 6.33£0.47 23.33
ZVA] gt 4.67+£0.47 4.33+£0.47 6.20+0.82 4.00+0.82 19.20
Ao =FH 5.00+0.82 6.00+£0.82 6.00£0.82 6.67+0.47 23.67
AN AgEA 5.33+£0.47 5.33+£0.47 6.33£0.47 5.00%£0.82 21.99
HH =94 5.33+£0.47 6.00+£0.82 5.33+£0.47 6.33+0.47 22.99
HE) A5 9% 4.67+0.47 4.67+0.47 6.33+0.47 4.33+0.47 20.00
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o AR Ase) Az 3R E

AN
i)

D Az 2 ¥

Obh A &
AFAEE AAT A AZA 6| AL A (Pleuronetide, AAA, AR s FEA FUA
FAA FAh] AEHAT, NG L4 Oﬂﬂoﬂ AEF 2T

WE o §HAL, FHE AL BUHEEY 2@, THDE o §HAL, YA RARE
A J—v\—7}—r(°H7‘}‘: FUAD, BHs(Alok, %HW) BACsE, U, FACEE, S
), FEEEY 2 wmc A5A 4l 5W bR A 42 pUstel Ag e

(P FhA ) A =
A AZ FHE G

) AolF=rle] ZhAm s HAuE o]gstitt. ZhAv] WA BT
o} 7‘1‘—31“12 Xﬂﬂfl = 3

BEES A3 IR XAZ, 6X6)2 MAT T 24A7F dHHY
Z < 7HAEEE FAUE 227 9.3%, A 1.9%, "
1%, 711@} 5%, DTS 4.12%, T 125%2 715t A0 A S AzsEY. 1G4z &5
H APe AT 5T, 10T, 15C oA 2t 5471708 FAWSE gQldte s42x 9
712ve ®F3) kAL, 2HAR A5 AE AV SE HAFTEE 2%, 3%, 4%, 5%, L 6%=

gt Azxste AP dEE FEAT. 3GA=E Tzﬂ»t I ZA7VES et
"%, 9%, B 11% H7}etd A xdt] AA FJ7FFS GAstA L, AGARE nf=dFE 48 AR
= s 2%, 4%, D 6%= H7b A xste] Yo APE%P%OE%, U A BAE AA 1.9%,
) 1%, Aw 3.75%, 7188 5% EF TUES 92 HFE Fd T &7 Fol A=A

o,

(th A+

e 2% 357
outAlel mAR HH e
/\}“]'Q'E 2~ 2 ZJ_' % 3L ) =4 vl 2] Z_}_‘»Q— ol
Al A8 F454 el S Savll we w e S @
T - | 54e Amdsis muRsste] | - | mu welste] bk
o kel H 3]
(clsper, viAEEE) ol ¥ EEs UA g Az Fa54 o
HAGE g
=% 5e7 657
2, 39 wedE 2AC
Aol #3} 2,3, 4979 mEsy xow
2 AZ7b A7RERE 24 . .
— | nhEEsbgR 4] delse] A | - | HE AxFY BEE
gelste] Alx F AYA% A
¥ 50 % Mgt el

() TE=d HAH3 7pArdse] FA5A4 & AW 471 7 AldrbAm e F4
54 @7 Az g AE, “Obh,0h, (|, (vh, (8D, (A7 oF Zo] AAIE
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Q) =471 & 2=F 22T A Y FASA

b 4717t ¥ pHel W3 (=)

& 7FArE A s =gk 59804 4.602.= pH7F 543 E
AN HARE ST A FolA = pH ZH4AFH2 5.99-5.612 & AlmSol Hla| o
S obASIYTh SAAA UAARE 10T, 15C AT pHrl 5 olatz "ojxew, oHe &
A AE Az Al HATEE SR OE A EY 24 ST "t fr]4ke] ®Bol AtEE
| dlojgtal BT oo wat neoAe] TFE g {§5& Ao FHE& 553 A5t
171 ol 7RAm| A el = A 2olA HE g FEo] o]Folxof Hrha AwstiTh shA| R
5C+= UYEAIAIE pH 5.5 o] 4o =2 W3ty A7) w&o 477 w9 Zdox= Ao
d =0l A w 10T 9} 15C oA Zh2t 475, 4.612 A 7hxiulAla)e] 7 pH 4.849F 1] =3h
+< YER AT

¢

> h

65

29! 7

pH

45 - | \.\'

0 7 14 21 28
Storage days

Fig 1. Change of the pH of the Flounder Sikhae during storage at 5C, 10C, 15C for 15 days.
@, storage at 5C; M, storage at 10C; A, storage at 15C.
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(WP 4717 F ALAHAF71A&(VBNE T HH(2=E)

AAAE AEE 7H7E 5T, 10C 2 15T oA 28U7F SASTAA e Wsle
@ 7 Fig 55 2tk 7 &5 7R VBN@Fo| fojHow & aols RAtH &4 1
A= S5 5C 9 10T MBI & Aol & HolA ghghot 15T 9] Asi VBN
o] 35.91 mg/100ge.2 T2 AlZo| Bla) =LA veERGTh 21U HEE 5T, 10C %4 7FA0) 4 8
o] VBN&Fo] zhz}h 24.85 mg/100 g, 33.61 mg/100 g©. & Table 1o] vEbd Ald7pam) 4 s o)
VENE 3} vlms] nghe o) 4o Ay FolAL 4ol @R FUR J¥HL, 15C%
A 7R A 8 <] VBN%L%% 41.68 mg/l00g fxsde] APAYSS & F AU SCHA
MR A eE 44 At 2892714 VBNSHEFo] 28.44 mg/100go. 2 Al@7EARv]A el 2] VBN
ol ua] gol o} AAAAE o] APH Aoz Holn, 10CAA 44T 7han] 4
e SA4 21YARE 2754 GAZ AFsE A4S & F YA 15T A A3 7HR
el s v ARl 289 Abol] VBNEHEFo] 97.51 mg/100ge 2 Faj7F = At Song et
al. (2005)b nE Ayd'cs} SEX VBN“E*OI 01%240 7102 15-25 mg/100g, 30-40 mg/100g
2 BASA T Ao A= A
& JZog By AEE
=3 = 9lglon 15044 e
=3 4 9l9lt}h. Takahashi (1935) 9]
= 2F @%5]01 AEA AHo] X
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Fig. 2. Changes of the volatile basic nitrogen (VBN) Flounder sikhe products during storage at 5C, 1
0°C, 15C for 15days. @, Flounder sikhe products during storage at 5C; HM, Flounder sikhe products
during storage at 10C; 4, Flounder sikhe products during storage at 15C.
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(th =471 5 otrxeida o H3H(=E)

ol e @ AT HEAFY SAHAE AFE o|gF ¥RE ol w9} 2 FA™Ho]
o T8 F2 AEE AAHI . z

10C, 15C oA 10T sA8AA 7| T ofv 3 = 9

2o AAm A e %7] ol g A4 FFS 162.05-163.05 mg/100gS YEFAT 1 FFe
Z1Zko] AgE sttt sA4AE 74at 2E5CY Algse otv| e A4 ko] 170.74
mg/100go. & 7} @gkm, 2% 10C 2 15C < A 8% 77+ 180.98 mg/100, 185.57 mg/100go.
2 fFoF Aole UehA gt A4 vARAA R o e A AT A ST f
oAl o]l Holm AL Z7telEi % 15T 9 AlZoAE 304.05 mg/100go.& 714 =
< FAE Ho FRa, dAHOo R 21-28YU A Abolol] op| e A A FFEFo] A|dTFAH] ]3] 9

obmimefd A g Blss) A=de & 5 AT

320

280 -
260 -
240 -
220

20 - !
180 :;/ /I

10 E

140

Ammonia-N{mg/100g)

0 7 14 21 28
Storage days

Fig. 3. Changes of the Ammonia-N of the Flounder sikhe products during storage at 5C, 10C, 15T
for 15 days. €, Flounder sikhe products during storage at 5C; H, Flounder sikhe products during
storage at 10C; A, Flounder sikhe products during storage at 15C.
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NAEAse) NGRS BEste] F 28Y% FF4] W Fig 179 vehpich A
4 27] e 4.60-4.21 LOg(CFU/g)Ol‘RiE} qEHE 257t S7F S F 73t wel
#7h 27 B7hshe A%e B $447 50 AARI4sE AR 10C, 1502 S
2ol A Sd AR TUARE FF57E 107 CFUE o422 Yelga, $4X4% 21497t= 34
gt 77 Lot sA8A 5T Y iR A e 28L A 7HA = F+t7F 7.11 Log(CFU/g) 2.
2 A7 Ao Sl mAIA XgoR sAdxr|9A Ee O Aolgtal ddEHY <
7170 v o Aer] wEed sAER A3etA Xesial, 15T 9 M Ass 54
A 14 ARE F7F57E 10° CFUlg ol o2 ZrhstaA Ui :LﬁffP ME7E A7) el
u]—rxq OLA3 10CE AAH SAHALEE Asgor, 10C e 7HAkm Ao A 14-21Y 2} Alo] o
47} 7.5-8.4 Log(CFU/g) 0.2 A #7pAm A8 e ZHF49} H|<=81¢]th

105 -
95 - T /}
85 -

15 4

——
—

65 -

Log(CFU/g)

55 -

45 -

35

0 7 14 2 28
Storage days

Fig 4. Changes of the total viable cells of the Flounder sikhe products during storage at 5C, 10T, 1
5C for 15days. 4, Flounder sikhe products during storage at 5C; H, Flounder sikhe products during
storage at 10C; A, Flounder sikhe products during storage at 15TC.
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S8 @ /bvsle] faEae] WskE Fig 2l Jehhlth S5 nhist
B WBL LEL) AT A fabFee] Wake foHe Aol B Eon, &
15C 9] ZbulAsiel A b FAT FARS S/ GERaL, SAAF 21D R
Zast GekeE ol wsAAsh vl B w 27897k ARHA fakrel 2
=

10

Log(CFU/qg)

0 7 14 21 28
Storage days

Fig 5. Changes of total viable lactic acid bacteria of the Flounder sikhe products during storage at
5C, 10C, 15C for 15days. €, Flounder sikhe products during storage at 5C; H, Flounder sikhe
products during storage at 10C; A, Flounder sikhe products during storage at 15TC.
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2.99 mg/100g, Fo< 10°%~10" CFU/g Yebstar,
Z3l5 JAn e EAEARS BH 10T, 14Ukl A pH 4.68, VBN 25.29 mg/100g,
1

B A7E

5 Table 99 YePHATE 15CA 2193} wpx]=t
AA g 7 T 0L Aol =
, TEAHEE zpol7h U] AlZFeer 8 A &1
B3R E M & AAE BHAFRlon, 219t o] Fdd=
F7F Golx = HoE AdHT B AFE 53
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Table 9. Results on the sensory evaluation for storage and period condition of flounder Sikhe

Variable Level Ingredient

I Factors
sample ~Temper- Overall
No. Flavor Taste Texture Color .
ature Day quality
(C)

1 5 0 4.17+1.23" 3.96+1.65° 4.04+1.41* 5.03+1.47° 4.30+1.22°
2 5 7 436+1.11° 4.15+1.21% 4.01+1.69° 5.01+1.54*® 4.38+1.49°
3 5 14  417+1.36® 5.12+1.23*° 4.26+1.45* 514+187* 4.67+151%
4 5 21 4.88+1.24* 541+1.74° 468+1.31" 518+1.32* 5.04+1.20°
5 5 28  4.29+154%® 458+1.20° 4.87+1.74> 516+1.52% 4.72+1.33"
6 10 0 4.62+1.22° 455+1.33> 4.89+1.65° 5.21+146% 4.82+1.52°
7 10 7 4.98+1.11" 4.97+1.10"° 462+1.36® 5.33+1.35% 4.97+1.21"
8 10 14 510+1.37° 560+1.20° 540+1.44° 5.22+1.45 533+1.25°
9 10 21  4.00+1.54*® 391+1.00*0 4.03+1.10° 534+1.11* 4.32+1.03
10 10 28 3.50+1.63% - - 5.24+1.322 -

11 15 0 4.11+1.84* 3.99+1.64° 4.04+1.30* 5.19+1.41* 4.33+1.20°
12 15 7 4.33+1.41° 4.34+1.31° 455+1.54® 527+1.32% 4.62+1.57®
13 15 14 4.21+1.55" 4.00+1.41* 4.09+1.63* 514+1.22% 4.36+1.46°
14 15 21 % - - 5.26+1.41° -

15 15 28 - - - 5.30+1.232 -

““Values with different superscripts in the same row are significantly at /X0.05 by Duncan’ s

multiple range test.
*Not sensory test
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@ $HAT F AF=d] BE AAxu sl L 54

g 2, 3, 4,5 6%= Zt7] 2y sty 1dA A 33 sA4E 10CAA 473t
1497 $4% A5/t O e sle] B5HtE AN on, 28U7AA FhAE s el
o|83td mgRAQ FAEAe] WMelE Bl s,

b =471t ¥ pHel W3 (=)

= tAE sl e SA4A% F pH Wk Fig 2 o 2ok 44 &5 10CE 39
YAHE Al=2be] pH o Wistel] o]l Ael7k vERgth A dEsE 2% 3%2] 7hA

Aol A 0~797F pH 7} 6.10-5.130.2 T2 A RS0 HEte] 713 2 WAl AT

6% 7EAA| 28 el A pH7F 6.10-5.900.2 7Hd QFA S Kim et al(2008). 52 %

of4s] 7hde] Ad AFolA AL K4 T dEEI FerH, 25 2275 7

=2 A STt mE #7I4ke SVt Q) pHeE F43 skt sidled, ol £

Tk ARSI
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6.00 -

550 -

pH

500 -

450 -

400 -

0 7 14 1 28
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Fig 6. Change of the pH of the different salinity Flounder sikhe during storage at 10C for 10 days.
@, salinity of 2% squid sikhae; W, salinity of 3% Flounder sikhe; A, salinity of 4% Flounder sikhe; X,
salinity of 5% Flounder sikhe ; +, salinity of 6% Flounder sikhae.
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W =471 T FTHD71d L) VBN FS] H3(Ed =)

A A3 A D S 2%, 3%, 4%, 5% H 6%E 28YXt 10CAA =4 AAstHA VBN
H3lE A A2 Fig 69 20 95X 2%, 3%, 4%, 5% 2 6% Zt7+e] Al S04 VBNSH&F

FoHOoT Ao B vehgon mE ABoIA SHAY TAATE ol ents] As
Ak NGB 2%k 3%e) TV AE S84 TYARE VBN Bl 2zt 5425 mg/lo0
g 4670 mg/l00go 2 THE A BE| uls) AmsbAr s SEo) VBNIF AR T4 4
S3HQT, HBEE 4%, 5% B 6% ARE 3433-37.10 mg/l00g FEE FaATh SAAH
ULARE HG5E 2% ASE ASnE Ulx 4559 b dsiel A Aastao)
Aol 5@ sze) VBNEHFES Uehit,

VBN(mg/100g)

0 7 14 21 28
Storage days

Fig 7. Changes of the volatile basic nitrogen (VBN) of the different salinity Flounder sikhe during
storage at 10C for 10 days. €, salinity of 2% Flounder sikhe; M, salinity of 3% Flounder sikhe; A,
salinity of 4% Flounder sikhe; X, salinity of 5% Flounder sikhe ; +, salinity of 6% Flounder sikhe.
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Fig 8. Changes of the Ammonia-N of the different salinity Flounder sikhe during storage at 10C for
10 days. €, salinity of 2% Flounder sikhe; H, salinity of 3% Flounder sikhe; A, salinity of 4%
Flounder sikhe; X, salinity of 5% Flounder sikhe ; +, salinity of 6% Flounder sikhe.
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Fig. 9. Changes of the total viable cells of the different salinity Flounder sikhe during storage at 10C
for 10 days. 4, salinity of 2% Flounder sikhe; M, salinity of 3% Flounder sikhe; A, salinity of 4%
Flounder sikhe; X, salinity of 5% Flounder sikhe ; +, salinity of 6% Flounder sikhe.

_45_



SAAEE 2%, 3%, 4%, 5% L 6% P A e fabdse] W Fig 28 ®Bd 4 F
A=Y AdEx 6% 7AR A A A W3 0-28YL x}74A] 5.41-8.16 Log(CFU/Q)

o2 M AR, v *‘@‘91 7 Aol e SAAF TdARE F4T fadsY F
717 et e, AR A fakt o] oA Afole UERUEA] skl A A% 28U 7HA]
T AT 2%2 HARAEE AQstaie fabdae Wste] & zbolzt YEbA] 9kt

Log(CFU/g)
~1

0 7 14 2 28
Storage days

Fig. 10. Changes of total viable lactic acid bacteria of the different salinity Flounder sikhe during
storage at 10C for 10 days. €, salinity of 2% Flounder sikhe; M, salinity of 3% Flounder sikhe; A,
salinity of 4% Flounder sikhe; X, salinity of 5% Flounder sikhe ; +, salinity of 6% Flounder sikhe.
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Table 9. Sensory evaluation of Flounder sikhe stored at 10°C for 14days

Overall

Treatment Flavor Taste Color Texture

acceptance
Salinity 2% 2.0 £ 0.1° 2.7 £ 0.8° 3.6 £ 1.2° 33 £ 1.3 1.7 £ 0.9
Salinity 3% 2.3 + 1.3%® 35 + 1.1° 34 + 1.2¢ 43 + 15° 3.3 £ 0.5°
Salinity 4% 36 + 2.2 52 + 1.9 3.7 £ 1.3 46 + 14° 5.3 £ 1.0°
Salinity 5% 34 + 14° 4.7 + 1.5° 3.3 = 1.4° 43 + 1.2° 49 + 05°
Salinity 6% 32 + 1.2° 43 + 1.6° 3.7 + 1.2° 45 + 1.3* 4.8 + 0.3

Values with different superscripts in the same row are significantly at zK0.05 by Duncan’ s
multiple range test
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Fig 11. Change of the pH of the Flounder sikhae during storage at 10°C for 10 days. €4, chili powder
7% added of Flounder sikhe; WM, chili powder 9% added of Flounder sikhae; A, chili powder 11% added
of Flounder sikhe.
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Fig 12. Changes of the volatile basic nitrogen (VBN) of the Flounder sikhe during storage at 10C for
10 days. 4, chili powder 7% added of Flounder sikhe; B, chili powder 9% added of Flounder sikhe;
A, chili powder 11% added of Flounder sikhe.
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Fig 13. Changes of theAmmonia-N of the Flounder sikhe during storage at 10C for 10 days. 4, chili
powder 7% added of Flounder sikhe; E, chili powder 9% added of Flounder sikhe; A, chili powder
11% added of Flounder sikhe.
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Fig. 14. Changes of the total viable cells of the Flounder sikhe during storage at 10°C for 10 days. 4,
chili powder 7% added of Flounder sikhe; MM, chili powder 9% added of Flounder sikhe; A, chili
powder 11% added of Flounder sikhe.

_51_



() ST F AAFF AHIEFAAFD)

Fig. 23, 248 BW 2L A/ b5 EhES 293 A se] 4t

5o wsE
& Solth 0-28UA7A Zzhe] ARS] FabEse] WMato] Aol foHOo® LA ehgk
om, REAFHING %k PFE AT 4%9] AT AN AN FAFEIE O B dEhde

& % ek

105

N %
= 85 v
C J=—"1
= 4|
5 75
W
3

6.5 -

55 7

45

0 7 14 2 28
Storage days

Fig. 23. Changes of total viable lactic acid bacteria of the Flounder sikhe during storage at 10C for

10 days. 4, chili powder 7% added of Flounder sikhe; HM, chili powder 9% added of Flounder sikhe;
A, chili powder 11% added of Flounder sikhe.
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Table 10. Sensory evaluation of Flounder sikhe stored at 10C for 14days

Overall

Treatment Flavor Taste Color Texture

acceptance
Red papper oo, () ga 3.240.6° 48405 4.940.5° 4.6+0.6°
powder 7%
Red papper o/ 6 5.9+0.2¢ 6.7+0.6 5.240.7° 5.840.2°
powder 9%
Red papper 551 1 o 4.6+0.4 6.5+0.8 4.840.9° 5.240.2

powder 11%

““Values with different superscripts in the same row are significantly at p<0.05 by Duncan’ s

multiple range test.
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Fig 15. Change of the pH of the Flounder sikhe during storage at 10C for 10 days. €, garlic 2%
added of squid sikhe; M, garlic 4% added of Flounder sikhe; A, garlic 6% added of Flounder sikhe.
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Fig 16. Changes of the volatile basic nitrogen (VBN) of the Flounder sikhe during storage at 10°C for
10 days. @, garlic 2% added of Flounder sikhe; M, garlic 4% added of Flounder sikhe; A, garlic 6%
added of Flounder sikhe.
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Fig 17. Changes of the Ammonia-N of the Flounder sikhe during storage at 10C for 10 days. @,
garlic 2% added of Flounder sikhe; M, garlic 4% added of Flounder sikhe; A, garlic 6% added of
Flounder sikhe.
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Fig 18. Changes of the total viable cells of the Flounder sikhe during storage at 10°C for 10 days. @,
garlic 2% added of Flounder sikhe; EM, garlic 4% added of Flounder sikhe; A, garlic 6% added of
Flounder sikhe.
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Fig 19. Changes of the total viable lactic acid bacteria of the Flounder sikhe during storage at 10T
for 10 days. €@, garlic 2% added of Flounder sikhe; M, garlic 4% added of Flounder sikhe; A, garlic
6% added of Flounder sikhe.
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Table 10. Sensory evaluation of Flounder sikhe stored at 10C for 14days

Overall
Treatment Flavor Taste Color Texture
acceptance
garlic 2% 5.0 £ 1.0° 5.2 + 0.5° 51 £+ 0.22 4.4 + 0.32 49 + 0.12
garlic 4% 46 + 0.52 5.4 + 0.3 5.5 + 0.4° 5.0 £ 0.4° 5.1 + 0.2°
garlic 6% 4.6 = 0.42 4.0 £ 0.52 5.8 = 0.7° 5.4 + 0.9° 4.9 + 0.4

Values with different superscripts in the same row are significantly at p<0.05 by Duncan’ s
multiple range test.
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Fig 20. Changes of the pH of the Walleye pollock sikhe during storage at 5C, 10C, 15C for
15 days. @, Storage at 5C; W, Storage at 10C; A, Storage at 15C.
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Fig 21. Changes of the volatile basic nitrogen (VBN) Walleye pollock sikhe products during storage at
5C, 10C, 15C for 15days. @, Walleye pollock sikhe products during storage at 5C; H, Walleye
pollock sikhe products during storage at 10C; €4, Walleye pollock sikhe products during storage at 1
5C.
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Fig 22. Changes of the Ammonia-N of the Walleye pollock sikhe products during storage at 5C, 10C,
15C for 15days. 4, Walleye pollock sikhe products during storage at 5C; H, Walleye pollock sikhe
products during storage at 10C; A, Walleye pollock sikhe products during storage at 15C.
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Fig. 23. Changes of the total viable cells of the Walleye pollock sikhe sikhe products during storage at
5C, 10C, 15C for 15days. 4, Walleye pollock sikhe sikhe products during storage at 5C; M, Walleye
pollock sikhe sikhe products during storage at 10C; A, Walleye pollock sikhe ikhe products during
storage at 15C.
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Fig 24. Changes of total viable lactic acid bacteria of the Walleye pollock r sikhe products during
storage at 5C, 10C, 15C for 15days. 4, Walleye pollock sikhe products during storage at 5C; H,
Walleye pollock sikhe products during storage at 10C; A, Walleye pollock sikhe products during
storage at 15C.
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Table 11. Results on the sensory evaluation for storage and period condition of Walleye

pollock Sikhe

Variable Level Ingredient

Factors
sample Temper- Overall
No. Flavor Taste Texture Color .
ature Day quality
()
1 5 0  4.15+0.14° 2.15+0.88% 5.60+0.36"¢ 513+1.57% 4.26+1.32
2 5 4 450+0.279 3.48+0.44%™ 4.67+0.45° 511+1.24° 4.44+0.60°
3 5 8  5.40+0.30 2.93+0.58® 4.98+0.19" 514+1.27% 4.61+0.98"
4 5 12 4.92+057% 3.13+0.64®® 5.00+£0.40®° 518+1.32% 4.56+0.83"
5 5 16  5.80+0.47% 3.91+0.37 4.83+0.50®® 5.16+1.52% 4.93+0.68"
6 10 0 4114009 2.15+0.88% 5.60+0.36°> 511+1.36* 4.24+1.32°
7 10 4 490+0.16% 2.59+0.39°® 4.76+0.68"° 523+1.35% 4.37+1.04°
8 10 8  550+0.28" 4.4940.45 5.60+0.35"¢ 522+1.55% 5.21+0.43"
9 10 12 7.05+0.21' 6.99+0.50° 6.49+0.45% 534+1.11* 6.47+0.69
10 10 16 6.56+0.27"  6.66+0.48" 6.04+0.23¢ 5.24+1.31* 6.13+0.56"
11 15 0  4.23+0.05° 2.15+0.88% 5.66+0.31" 519+1.41* 4.31+1.35
12 15 4 515+0.06% 3.69+0.41* 545+0.38 527+1.32% 4.89+0.70°
13 15 8  6.18%£0.10%" 5.60+0.47%® 560+£0.25"¢ 514+1.22% 5.63+0.37
14 15 12 3.49+0.45° - - 5.26+1.21* 4.38+0.88°
15 15 16  1.53+0.45° - - 5.20+1.23* 3.37+1.83°

““Values with different superscripts in the same row are significantly at /&0.05 by Duncan’ s

multiple range test.

*Not sensory test
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Fig 1. Changes of the pH of the different salinity Walleye pollock sikhe during storage at 10C for 10
days. 4, Salinity of 2% Walleye pollock sikhe; H, Salinity of 3% Walleye pollock sikhe; A, Salinity of
4% Walleye pollock sikhe; X, Salinity of 5% Walleye pollock sikhe ; +, Salinity of 6% Walleye pollock
sikhe.
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Fig 2. Changes of the volatile basic nitrogen (VBN) of the different salinity Walleye pollock sikhe
during storage at 10C for 10 days. €, salinity of 2% Walleye pollock sikhe; H, salinity of 3% Walleye
pollock sikhe; A, salinity of 4% Walleye pollock sikhe; X, salinity of 5% Walleye pollock sikhe ; +,
salinity of 6% Walleye pollock sikhe.
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Fig 3. Changes of the the Ammonia-N of the different salinity Walleye pollock sikhe sikhe during
storage at 10C for 10 days. €, salinity of 2% Walleye pollock sikhe sikhe; M, salinity of 3% Walleye
pollock sikhe sikhe; A, salinity of 4% Walleye pollock sikhe sikhe; X, salinity of 5% Walleye pollock
sikhe sikhe ; +, salinity of 6% Walleye pollock sikhe sikhe.
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Fig 4. Changes of the total viable cells of the different salinity Walleye pollock sikhe during storage at
10C for 10 days. €, salinity of 2% Walleye pollock sikhe; WM, salinity of 3% Walleye pollock sikhe; A,

salinity of 4% Walleye pollock sikhe; X, salinity of 5% Walleye pollock sikhe ;

Walleye pollock sikhe.
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Fig 5. Changes of total viable lactic acid bacteria of the different salinity Walleye pollock sikhe during
storage at 10C for 10 days. 4, salinity of 2% Walleye pollock sikhe; HM, salinity of 3% Walleye
pollock sikhe; A, salinity of 4% Walleye pollock sikhe; X, salinity of 5% Walleye pollock sikhe ; +
salinity of 6% Walleye pollock sikhe.
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Table. 4. Sensory evaluation of Walleye pollock sikhe stored at 10C for 12days

Overall

Treatment Flavor Taste Color Texture

acceptance
Salinity 2% 3.0 =+ 1.1° 3.7 + 0.3 6.6 = 1.0% 43 + 1.1° 44 + 0.9°
Salinity 3% 3.3 £ 1.2¢ 35 £ 1.2° 6.4 + 1.6% 53 + 1.4% 46 + 0.5%
Salinity 4% 56 £ 1.3° 6.2 £ 1.1° 6.7 £ 1.5% 76 = 1.5° 6.5 + 0.5°
Salinity 5% 4.4 + 1.1* 57 + 05 63 = 11* 63 + 1.0° 56 =+ 0.5
Salinity 6% 42 + 1.4° 53 + 0.2° 6.7 + 1.3% 6.5 + 1.2° 56 + 0.3°

Values with different superscripts in the same row are significantly at p<0.05 by Duncan’ s

multiple range test.
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Fig 1. Changes of the pH of the Walleye pollock sikhe during storage at 10C for 10 days. 4, Chili
powder 9 %added of Walleye pollock sikhe; E, Chili powder 11% added of Walleye pollock sikhe; A,
Chili powder 13% added of Walleye pollock sikhe.
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Fig 2. Changes of the pH of the Walleye pollock sikhe during storage at 10C for 10 days. €4, Garlic

2% added of Walleye pollock sikhe; M, Garlic 4% added of Walleye pollock sikhe; A, Garlic 6% added
of Walleye pollock sikhe.
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Fig 3. Changes of the volatile basic nitrogen (VBN) of the Walleye pollock sikhe during storage at 1
0C for 10 days. 4, chili powder 9% added of Walleye pollock sikhe; M, chili powder 11% added of
Walleye pollock sikhe; A, chili powder 13% added of Walleye pollock sikhe.
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Fig 4. Changes of the volatile basic nitrogen (VBN) of the Walleye pollock sikhe during storage at 1
0°C for 10 days. 4, garlic 2% added of Walleye pollock sikhe; M, garlic 4% added of Walleye pollock
sikhe; A, garlic 6% added of Walleye pollock sikhe.
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Fig 5. Changes of the Ammonia-N of the Walleye pollock sikhe during storage at 10C for 10 days.
&, chili powder 9% added of Walleye pollock sikhe; H, chili powder 11% added of Walleye pollock
sikhe; A, chili powder 13% added of Walleye pollock sikhe.
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Fig 6. Changes of the Ammonia-N of the Walleye pollock sikhe during storage at 10C for 10 days.
@, garlic 2% added of Walleye pollock sikhe; B, garlic 4% added of Walleye pollock sikhe; A, garlic
6% added of Walleye pollock sikhe.

_78_



(@h HejAlale] FAs H7pE 57t

BEAs Y] FAE HUMHRE Ax 5 4dA AN deHA A= Table 1, 23 2o
=48 WHASE 15% e dsadd s 9w AeHAE AASAY. AZTHFHIFE
= 23 BE A FAAE 17 1% 7 BEiAeiAFolA FH S565H0= T =2
s e 1x27HF 13%= " AFAAE Ax7HREEel wof 1x7ke &3 vt
o] Astel W HFE LAY ntEAVIEE 2Ed vk 4% HEAsAEel F4 6.14
OS2 7 w2 s WA v PN w2 HeE A1 vtellAe vhE 2%k 4%3 7
e A E el Herh Fo )] Ael7E UEhA] eigkom At Texturedl M= EE HE A
SHAFol A el &l kel 7F yEhA] Sttt

Table 1. Sensory evaluation of Walleye pollock sikhe stored at 10°C for 12days.

Overall
Treatment Flavor Taste Color Texture
acceptance
chili powder . . . . .
9 5.6+0.8 3.7£0.6 5.8£0.5 5.1+0.5 5.0£0.6
chili powder b )
5.4+0.62 51+0.2° 6.7+0.6 5.2+0.7° 5.6%+0.2
11%
chili powder b b
13% 4.2+1.0% 4.4+04 6.5+0.8 5.1+0.9° 5.0+0.22

Values with different superscripts in the same row are significantly at p<0.05 by Duncan’ s
multiple range test

Table 2. Sensory evaluation of Walleye pollock sikhe stored at 10C for 12days.
Overall

acceptance
0.2¢ 5.2 = 0.3% 56 = 0.1%
0.4* 5.4 + 0.4% 6.1 = 0.2°
0.7 5.2 £ 0.9 53 = 0.4°

Treatment Flavor Taste Color Texture

garlic 2% 50 = 1.0° 6.2 + 0.5° 6.1
garlic 4% 6.6 = 0.5° 6.4 + 0.3° 6.2
garlic 6% 46 + 0.4° 52 + 0.5% 6.2

Values with different superscripts in the same row are significantly at p<0.05 by Duncan’ s

multiple range test

+ -+ -+
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Fig. 1. Changes of the pH of the squid sikhe during storage at 5C, 10C, 15C for 15 days.
@, storage at 5C; M, storage at 10C; A, storage at 15C.
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Fig 2. Changes of the volatile basic nitrogen (VBN) squid sikhe products during storage at

5C, 10C, 15C for 15days. @, squid sikhe products during storage at 5C; HM, squid sikhe
products during storage at 10C; 4, squid sikhe products during storage at 15C.
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Fig 3. Changes of the Ammonia-N of the squid sikhe products during storage at 5C, 10C,
15C for 15days. €, squid sikhe products during storage at 5C; HM, squid sikhe products
during storage at 10C; A, squid sikhe products during storage at 15C.
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Fig 4. Changes of the TBA value of the squid sikhe products during storage at 5C, 10C, 1
5C for 15days. €, squid sikhe products during storage at 5C; H, squid sikhe products
during storage at 10C; A, squid sikhe products during storage at 15C.
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Fig 5. Changes of the total viable cells of the squid sikhe products during storage at 5C, 1
0°C, 15C for 15days. 4, squid sikhe products during storage at 5C; H, squid sikhe products
during storage at 10C; A, squid sikhe products during storage at 15C.
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Fig 6. Changes of total viable lactic acid bacteria of the squid sikhe products during storage
at 5C, 10C, 15C for 15days. 4, squid sikhe products during storage at 5C; WM, squid sikhe
products during storage at 10C; A, squid sikhe products during storage at 15C.
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Fig 7. Changes of the pH of the different salinity squid sikhe during storage at 10C for 10
days. €, salinity of 2% squid sikhe; H, salinity of 3% squid sikhe; A, salinity of 4% squid
sikhe; X, salinity of 5% squid sikhe ; +, salinity of 6% squid sikhe.
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Fig 8. Changes of the volatile basic nitrogen (VBN) of the different salinity squid sikhe during
storage at 10°C for 10 days. €, salinity of 2% squid sikhe; B, salinity of 3% squid sikhe; A,
salinity of 4% squid sikhe; X, salinity of 5% squid sikhe ; +, salinity of 6% squid sikhe.
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Fig 9. Changes of the the Ammonia-N of the different salinity squid sikhe during storage at
10C for 10 days. 4, salinity of 2% squid sikhe; H, salinity of 3% squid sikhe; A, salinity of
4% squid sikhe; X, salinity of 5% squid sikhe ; +, salinity of 6% squid sikhe.
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Fig 10. Changes of the total viable cells of the different salinity squid sikhe during storage at
10°C for 10 days. €, salinity of 2% squid sikhe; H, salinity of 3% squid sikhe; A, salinity of
4% squid sikhe; X, salinity of 5% squid sikhe ; +, salinity of 6% squid sikhe.
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Fig 11. Changes of total viable lactic acid bacteria of the different salinity squid sikhe during
storage at 10°C for 10 days. €, salinity of 2% squid sikhe; B, salinity of 3% squid sikhe; A,
salinity of 4% squid sikhe; X, salinity of 5% squid sikhe ; +, salinity of 6% squid sikhe.
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Table 1. Sensory evaluation of squid sikhe stored at 10°C for 6days
Overall
Treatment Flavor Taste Color Texture
acceptance
Salinity 2% 1.0 £ 0.0° 22 + 0.8° 3.0 £ 1.2¢ 3.3 £ 1.4° 2.3 £ 0.9
Salinity 3% 23 + 16 22 + 1.1° 3.0 + 1.2¢ 33 + 14% 27 + 05"
Salinity 4% 32 +22° 57 + 1.9 3.7 £ 1.4° 4.7 + 1.5° 43 £+ 1.0°
Salinity 5% 35 £ 1.6° 45 + 1.5 3.7 £ 1.4° 45 + 1.1° 4.1 + 0.5°
Salinity 6% 35 + 16" 41 + 16> 37 + 14 37 + 15° 38 + 0.3

Values with different superscripts in the same row are significantly at p<0.05 by Duncan’ s
multiple range test
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Fig 12. Changes of the pH of the squid sikhe during storage at 10C for 10 days. €4, chili
powder 4% added of squid sikhe; M, chili powder 6% added of squid sikhe; A, chili powder
8% added of squid sikhe.
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Fig 13. Changes of the pH of the squid sikhe during storage at 10°C for 10 days. 4, garlic
2% added of squid sikhe; WM, garlic 4% added of squid sikhe; A, garlic 6% added of squid
sikhe.
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Fig 14. Changes of the volatile basic nitrogen (VBN) of the squid sikhe during storage at 1
0C for 10 days. 4, chili powder 4% added of squid sikhe; H, chili powder 6% added of
squid sikhe; A, chili powder 8% added of squid sikhe.
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Fig 15. Changes of the volatile basic nitrogen (VBN) of the squid sikhe during storage at 1
0°C for 10 days. 4, garlic 2% added of squid sikhe; H, garlic 4% added of squid sikhe; A,
garlic 6% added of squid sikhe.
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Fig 16. Changes of theAmmonia-N of the squid sikhe during storage at 10°C for 10 days. @,

chili powder 4% added of squid sikhe; EM, chili powder 6% added of squid sikhe; A, chili
powder 8% added of squid sikhe.
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Fig 17. Changes of the Ammonia-N of the squid sikhe during storage at 10C for 10 days.

@, garlic 2% added of squid sikhe; M, garlic 4% added of squid sikhe; A, garlic 6% added of
squid sikhe.
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Fig 18. Changes of the TBA value of the squid sikhe during storage at 10°C for 10 days. @,
chili powder 4% added of squid sikhe; E, chili powder 6% added of squid sikhe; A, chili
powder 8% added of squid sikhe.
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Fig 19. Changes of the TBA value of the squid sikhe during storage at 10°C for 10 days. @,
garlic 2% added of squid sikhe; W, garlic 4% added of squid sikhe; A, garlic 6% added of
squid sikhe.
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Fig 20. Changes of the total viable cells of the squid sikhe during storage at 10C for 10

days. €, chili powder 4% added of squid sikhe; H, chili powder 6% added of squid sikhe; A,
chili powder 8% added of squid sikhe.
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Fig 21. Changes of the total viable cells of the squid sikhe during storage at 10C for 10
days. €, garlic 2% added of squid sikhe; WM, garlic 4% added of squid sikhe; A, garlic 6%
added of squid sikhe.
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Fig 22. Changes of total viable lactic acid bacteria of the squid sikhe during storage at 10C
for 10 days. @, chili powder 4% added of squid sikhe; MM, chili powder 6% added of squid
sikhe; A, chili powder 8% added of squid sikhe.
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Fig 23. Changes of the total viable lactic acid bacteria of the squid sikhe during storage at
10°C for 10 days. @, garlic 2% added of squid sikhe; M, garlic 4% added of squid sikhe; A,
garlic 6% added of squid sikhe.
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Table 2. Sensory evaluation of squid sikhe stored at 10°C for 6days.
Overall
Treatment Flavor Taste Color Texture
acceptance
chili powder 4% 4.6+0.8° 4.2+0.7% 3.8+0.42 4.8+0.42 4.4+0.42

chili powder 6% 5.0+0.6° 5.4+0.8° 5.2+0.7° 5.0+0.0° 5.2+0.2°
chili powder 8% 5.2+1.0°% 4.6+1.2° 5.5+0.8" 4.6+0.8° 5.0+0.4

#byalues with different superscripts in the same row are significantly at p<0.05 by Duncan’ s
multiple range test.

Table 3. Sensory evaluation of squid sikhe stored at 10°C for 6days.

Overall

acceptance
0.5% 53 + 0.2%°

Treatment Flavor Taste Color Texture

garlic 2% 50 £ 1.1° 54 + 0.5% 52 + 0.1° 5.4
garlic 4% 46 + 0.5° 50 + 0.6° 53 = 0.7° 50 + 0.6° 5.0 + 0.2
garlic 6% 56 + 0.5° 6.0 = 0.6 58 + 0.4° 5.2 + 0.4° 57 + 0.3°

“byalues with different superscripts in the same row are significantly at p<0.05 by Duncan’ s
multiple range test.
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Nt

2. A - 270 - WEle] AZE 34 EEZHHSEAERY

7t BeB7HE T HEEHEH S ol &F 4 AxFTH BEICIAR)

i

D A= R P

b A =

2 Aol AFERE A Ao Al2E Y U8 T 7 PZ}U](V Jordan et Gilbert; ¥4kA], ©f
gel=)s BEwel old Aes A4S T TUsk ARSI, AEE ﬂ%lc’ﬂ(éﬂ
X6, FHDE olgdtRen, 948 HrHe HAREEH 26, WD EULFIIE
ZUabS ol &3ttt e, ZIEE A ymA Al 3 7}T(°HXPCH Wb, v (*1
ok, U4, AZCsd, Iui4h, PHAEHRE, SWHAh, FCEY, W), FEEEY =
TS S AeA 24 T shErtECdA 242t Fste] ARg-s T

>1N'

(W) 7 Al Al =z

ZhAm A o] A2 «]"6}04 -==(round) “Fele] 7YAE (V. Jordan et Gﬂbeﬁ)h W %
ds AAT & 55 < HalA A AHCIRE x AZ, 6cm x 6cm)d F 24 h B IF
(A=A oA that HLA 20%, W/W) 35Tt ololx IA 7y x4w| (V. Jordan et Gilbert)=

AAstar, 2 h ¢k B3 & o7]o A=t AR JA7FFEW/W) 2 sAE, 54713,
AE+ Table 1, 2, 30

o
o
k<
2
O

(ch 2gAS 2 WgEA 24

ZHAE A o] Az Aol tigh RE AAs vhEW APAIEH 2 central composite design
o] whg} SAS(statistical analysis system 10.0) ZZ1#E ALE3IH T 7HAR2le) Az H A3 S
st F 3GAE AFAG S HASIA S A4S AN 194 Algoz SYu

TEE 25X, 71HX), d =X T 63 o
HEAR] 7| =2 dAst ZFEshekla O]% Hgto g2 2%
X, M LX), TEHMTE B3 EAS o
FXDA LX), FEX), ZH T #52 EHo=E AA a3t 4 819 FH4 ¥ =
g HAE 44 &% 5-25C, 7|3t 8~20¢Y, ¥= 5~25%, vl= 1~13%, v
1~5%=2 Aslth S48 Ad 242t ARl Alg &3 vlE&L Table 1, 2, 33 2o
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Table 1. Experimental design for flounder (V. moseri Jordan et Gilber?) sikhe prepared of
fermentation condition

Variable Level Ingredient
Factors Red

Sample X Xy X3 papper  Garlic MSG! Radish  Ginger Fogtaﬂ

No. — millet
Temp Day Salinity  powder (%) (%) (%) (%) %)

(C) (%) (%)

1 10 11 4 15 7 3 15 3 14
2 10 11 6 15 7 3 15 3 14
3 10 17 4 15 7 3 15 3 14
4 20 11 4 15 7 3 15 3 14
5 10 17 6 15 7 3 15 3 14
6 20 17 4 15 7 3 15 3 14
7 20 11 6 15 7 3 15 3 14
8 20 17 6 15 7 3 15 3 14
9 15 14 5 15 7 3 15 3 14
10 15 14 5 15 7 3 15 3 14
11 15 14 5 15 7 3 15 3 14
12 15 14 5 15 7 3 15 3 14
13 25 14 5 15 7 3 15 3 14
14 5 14 5 15 7 3 15 3 14
15 15 20 5 15 7 3 15 3 14
16 15 8 5 15 7 3 15 3 14
17 15 14 7 15 7 3 15 3 14
18 15 14 3 15 7 3 15 3 14

‘Monosodium glutamate.
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Table 2. Experimental design for flounder(V. moseri Jordan et Gilbert) sikhe prepared with
material proportion

Variable Level Ingredient

Factors
X1 Xy X3 .
Sample Red Temp D Salinity  Radish  Ginger Fo.)ﬂ[ ail
papper Garlic MSG' () ay (%) (%) (%) rrg/;et
powder (%) (%) °
(%)

1 10 4 2 11.6 4.6 4.6 15 3 14
2 10 4 3 11.6 4.6 4.6 15 3 14
3 10 10 2 11.6 4.6 4.6 15 3 14
4 20 4 2 11.6 4.6 4.6 15 3 14
5 10 10 4 11.6 4.6 4.6 15 3 14
6 20 10 2 11.6 4.6 4.6 15 3 14
7 20 4 4 11.6 4.6 4.6 15 3 14
8 20 10 4 11.6 4.6 4.6 15 3 14
9 15 7 3 11.6 4.6 4.6 15 3 14
10 15 7 3 11.6 4.6 4.6 15 3 14
11 15 7 3 11.6 4.6 4.6 15 3 14
12 15 7 3 11.6 4.6 4.6 15 3 14
13 25 7 3 11.6 4.6 4.6 15 3 14
14 5 7 3 11.6 4.6 4.6 15 3 14
15 15 13 3 11.6 4.6 4.6 15 3 14
16 15 1 3 11.6 4.6 4.6 15 3 14
17 15 7 5 11.6 4.6 4.6 15 3 14
18 15 7 1 11.6 4.6 4.6 15 3 14

"Monosodium glutamate.
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Table 3. Experimental design for flounder(V. moseri Jordan et Gilbert) sikhe prepared with
material proportion

Variable Level Ingredient

Factors

Red
Sali]n ple S 2 FoXt3 - papper  Garlic MSG!  Temp D Salinity
O Ginger Radish N nowder (%) %) () N0
millet
(%) (%) %) (%)
1 2 10 10 16.0 7.2 2.9 11.6 4.6 4.6
2 2 10 18 16.0 7.2 2.9 11.6 4.6 4.6
3 2 20 10 16.0 7.2 2.9 11.6 4.6 4.6
4 4 10 18 16.0 7.2 2.9 11.6 4.6 4.6
5 2 20 18 16.0 7.2 2.9 11.6 4.6 4.6
6 4 20 10 16.0 7.2 2.9 11.6 4.6 4.6
7 4 10 18 16.0 7.2 2.9 11.6 4.6 4.6
8 4 20 18 16.0 7.2 2.9 11.6 4.6 4.6
9 3 15 14 16.0 7.2 2.9 11.6 4.6 4.6
10 3 15 14 16.0 7.2 2.9 11.6 4.6 4.6
11 3 15 14 16.0 7.2 2.9 11.6 4.6 4.6
12 3 15 14 16.0 7.2 2.9 11.6 4.6 4.6
13 5 15 14 16.0 7.2 2.9 11.6 4.6 4.6
14 1 15 14 16.0 7.2 2.9 11.6 4.6 4.6
15 3 25 14 16.0 7.2 2.9 11.6 4.6 4.6
16 3 5 14 16.0 7.2 2.9 11.6 4.6 4.6
17 3 15 22 16.0 7.2 2.9 11.6 4.6 4.6
18 3 15 6 16.0 7.2 2.9 11.6 4.6 4.6

‘Monosodium glutamate.

A A Ao &7, o, Al Ao & TR 15919 panele TSI olE9 #E I
3 AA A Jsxe] s 9¢A ﬁé’é‘ﬂ(ﬁ ymok 14; v o, 93-S ARSI
AHE= Al(color), BHtaste), Fwl(flavor), =27 (texture), HW¥Z Q1 7] & Z(overall quahty)i

A A o] g BAAQ FoAd AL Statistical Packages for Social Science(SPSS, Chicago,
IL, USA)E o]&3}o] Duncan’ s multiple range test2 2% 5% ©|W(X0.059Z 2+ H+Ftoll
g 94 AolE ZASIAS HolEE 2 A¥A Y Fd#d EFHAE YERA S
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Q@ 7 A9 Az 34 HHI(T-SEHEA)
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e JArbges 2Ee 2
HHstE NEsd mE =
sample-‘ﬂ F7F U wolA Al B AR oA
of & 3GAE Yo HHsE A

Tn
QL
30
o

SHLES, 4707 19T GEE A7 Fel@ 20 0E s asel B A, 257,
ol U@ 7] SEE Table 49h 2t} vl AW Fshe] 509} 25C Fahe] AR she] %
187h4 EFe 7HAulAa1E Axste] 15219) panelo] Z2te] %4713k vhok BAAE AN
shsick

20C FRHoIAE 8-2027ke] %4717 27 =YY = 6% TH AEE A9
stas Rort sl WEHAE AYT + Yo, 25CAA SHT AR EF R
AAE o BeWNE T 4 AU ol Cho et al. Q1Do1A 9] dlHAHE B8 71AH 43
o LTI UT S A ME Bo7h ot A3 vLd ARE Uerhith AAHL T
Zpu Aol A= Alvka ko] ZFstel YEREE Kim et al (1994 25219 7FAw] 28] 7l
2 A7 BT ATAN Aokl 4 T 2L YR E SALEI FEAE

.
offt
rO
ul s
b
N
=
E

_1

2840l Qlste] fr)4abe] F71ato] pHrb rolA @A Alnte 3 A3
2 JEPAT E3 o 20-25C &L LR HED 4L 59 Rujo 9002% AR

"t
A 2s)e] Aol wet panele] wte HEEE
7t A% 3% GelA 3567 0% AXHL UrEM%‘}i % 4% ARSI vEA 4 5%
7B Aal 7t stel Al B e WhE e Cho and Kim (2012)¢] <. 0}2) 3} <]
BeH7IolA dErh e oA sl Wt 2T H & AR/ H T WE wYd
ATAe} W AFAE YT £ 18909 panelE9] EAEY A¥ w7t B A
g4 ekzhe] WRgte] w71tk w o}@‘itﬂ ol @ Faol BeHslel & Aow AmHT}
169 AgQl €% 15T, 713t 8%, A= 5%2] 7FAF A8t $4 5.8 o 74 F& B
7t g vEdeH e Ali%tﬂl Hlel] FejHoRE Z ApelE UET STAA =
ARk T A sl s SE7F 4S5 wol HaVIRbe] U AEE dojx= Age] AL
U @@ 7elAM 51 Hog £ RAR 2 AdE vEugled, o] dsdA s Foke
Table 49} &o] s42%, w4712, A= it dIAg< A2 + AUk

. G=7F 7P EtE 18H A=

=
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Table 4. Experimental design for flounder(V. moseri Jordan et Gilbert) sikhe prepared of
fermentation condition

Variable Level Ingredient
Sample Factors
No. X, Xz X3 Flavor Taste Texture Color Overall
Temp Day Salinity quality
(C) (%)
1 10 11 4 4.97+0.21° 4.78+0.48 5.00+0.14° 5.67+0.88° 5.01+0.14°
2 10 11 6 4.47+1.219  478+0.91° 4.44+0.45% 4.67+0.69° 4.54+0.81°
3 10 17 4 -* -* -* -* -*
4 20 11 4 —* —* —* —* —*
5 10 17 6 4.53+0.45%  4.33+0.78% 4.78+0.41¢ 5.33+0.44° 4.52+0.10°
6 20 17 4 —* —* —* -* —*
7 20 11 6 4.81+0.23° 44441119 511+0.84° 556+0.75° 4.81+0.54"
8 20 17 6 -* —* -* —* -*
9 15 14 5 4.64+0.76° 4.22+0.249 5.00+0.71° 5.56+0.39" 4.60+0.15°
10 15 14 5 4.98+0.47° 4.78+0.11° 5.22+0.15> 5.33+£0.57° 5.01%0.64°
11 15 14 5 4.64+0.62c 4.22+0.87 5.00+=0.54° 5.56+0.41° 4.62+0.14°
12 15 14 5 4.98+0.18" 4.78+0.84° 5.22+0.67° 5.33+0.16° 5.00+0.49"
13 25 14 5 -* - -* - -*
14 5 14 5 5.15+0.74* 511+0.23" 5.33+0.64° 5.44+0.18° 5.12+0.16®
15 15 20 5 -* -* -* -* -*
16 15 8 5 5.75£0.16* 6.22+0.34* 5.67+0.17* 6.22+1.19° 5.81+0.84"
17 15 14 7 420+0.11%  4.44+0.69° 4.44+0.78" 4.00+£0.95° 4.21+0.26
18 15 14 3 3.91+0.32° 356+0.81° 4.33+0.34¢ 4.44+0.41° 3.90+0.74°

““Values with different superscripts in the same row are significantly at P<0.05 by Duncan’ s

multiple range test
* - No data.
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WP L%, 717k, Ao 2AS 2@ e Az A5

Table 42] AdAY S AFE sl W-gxH B4S AAT Aie Fig 1o YelUdldt =
HHTEE 25X),71HX), E =X FFS, TF = 549 A 3 =AZ
 7E=E dAste] 3xd T# =3} st EF3S
Fol A oA (XK0.050] glom, o]xtAl(quadratic regression)S ool AT Z
ole] Ha B A W9 LT 525C FIrelAE 11.63C 7 71 HHxA0E Ueyton,
43

x}2)(primary regression)

A7 8~209 FRHAAA = 9.12¢0] HA =S YEHTE 95 3~7% TEolA 4.66% T
rol 74 AR TR YEhgon durl UE =AY Yolx BASHIA de HE4E U
gt & ke BAR S AT AApe 2AAFR-squared)”t 0.7969= 0.5 o] <
guo] AFAS 7HA= ARE UedY. AR 02 s, 4713, A9 HA=xA
< 2% 11.63C, 7|zt 9.12¢, 95& 4.66% 2t AES WY F ATk o] =20& 1A}
Table 29 1&7HE, vhs, HdS FFS DEletd] A= 7HAv e Az HHsto H4Y

AAE AAsAH.

Fig. 1 Perturbation plot and response surface for the effect of sensory characteristics of
flounder (V. moseri Jordan et Gilbert) sikhe prepared with production process standardization
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|53 At 7R AE e 25, B, 959 HUbEES 2
frelo dFs ot Yeglen, w3 A
o LEAEo FQ olu:=AHS proline, alanine, arginine, methionine, glutamic acide] it}
% 187) AlE A glutamic acid’} 7HE &2 HlFS A P oW, Fotueit FFS Almv}
E Uetdidth A2k A8 218 7] 7EAW A e o] RESEHEEA Al WA
o Ao 13 A59 fFElobu] 4 a2 2699.99mg/100g1 ], A% 25C o A% 713t
o] 15U 7bg e exo} 71 AZk £4%F Amoln], 1996.14mg/100g2] 58 A|E EF 10T
oA 1743 A7 Algolth o]9] felotu|gt ko] £ AlREE 25 e A7
717k 7rAm Aol A UERg T Bz A Hlws) B o, 161 AsOlA 7M1 A
E Yeg A=, o AR fElohresl g8 1770.57mg/100gS YERW 2™, glutamic acid
(80%), alanine (2.3%), arginine(1.1%), methionine (7.6%) 7}#<& 2}x8ka. ATt
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713kl W fohulmat e

(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 44.72 47.89 40.59 42.75 58.68 59.04 38.89
Ala 38.01 33.05 41.69 64.09 40.34 50.13 11.44
Lys 4.44 8.00 7.46 28.26 10.53 25.70 7.14
Leu 15.27 18.98 24.85 56.08 25.29 45.23 9.24
Glu 1582.29 1293.50 1355.58 1293.63 1549.85 1412.95 1164
Val 20.67 20.98 22.79 39.05 26.62 35.44 0
Tyr 9.78 13.65 8.07 25.84 18.32 26.72 21.79
Gly 10.72 12.19 14.46 29.54 15.18 23.06 1.99
Met 8.03 8.30 12.22 36.61 10.38 18.58 0
Arg 54.17 49.20 21.20 40.19 60.55 58.26 35.09
g-ABA 17.12 14.25 21.66 23.84 16.65 21.75 15.46
His 4.75 5.53 5.20 8.86 7.69 9.52 4.35
Asp 87.66 70.96 63.13 75.27 94.78 91.59 65.48
Cys 0 0 0 0 0 0 20.52
Ser 15.09 16.89 9.41 18.64 21.90 26.94 11.78
Thr 12.19 12.18 14.14 26.83 16.30 19.91 20.06
Phe 17.45 18.65 26.45 46.91 23.08 37.55 7.50
Total 1942.36 1644.2 1688.9 1856.39 1996.14 0 1962.37 0 282.37
Sample No.
10 11 12 13 14 15 16 17 18
Tau 44.86 38.89 44.86 44.75 42.75 42.47 35.78 58.03 41.92
Ala 41.06 11.44 41.06 169.67 32.26 48.43 41.03 32.88 28.35
Lys 9.63 7.14 9.63 93.83 5.23 10.21 9.19 5.64 1.46
Leu 27.12 9.24 27.12 175.40 17.26 27.24 23.54 17.61 13.31
Glu 1149.69 11.64 1149.69 1429.05 1152.20 1493.18 1443.65 1343.58 995.88
Val 23.99 0 23.99 75.05 19.44 26.61 23.70 21.20 15.82
Tyr 9.11 21.79 9.11 54.06 6.69 13.35 12.16 14.59 6.01
Gly 15.52 1.99 15.52 111.06 10.15 13.75 12.34 11.23 10.11
Met 13.56 0 13.56 90.98 7.54 13.24 13.62 7.87 7.63
Arg 25.09 35.09 25.09 21.31 36.25 49.86 19.85 51.56 25.28
g-ABA 20.39 15.46 20.39 61.03 12.88 20.23 24.33 14.74 10.58
His 5.68 4.35 5.68 16.60 4.78 5.19 3.98 5.85 4.21
Asp 65.05 65.48 65.05 161.39 63.74 92.48 62.66 77.86 46.52
Cys 0 20.52 0 25.43 0 0 0.00 0.00 0.00
Ser 12.18 11.78 12.18 3.95 14.07 20.33 5.56 15.71 7.57
Thr 15.07 20.06 15.07 61.20 11.12 16.53 13.01 11.87 9.76
Phe 28.75 7.50 28.75 105.23 18.41 23.98 26.17 18.64 15.70

Total 1506.75 282.37 1506.75 2699.99 1454.77 1917.08 1770.57 1708.86 1240.11
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1gA A 7hAm A s o] A%, A7 2 959 HAHFE St s4x21s s>
11.63C, 4717 9.12¥, 95+ 4.66% sLZoNA 1Z7HF, vhe, vde H7MEs 2
o F 187HA FFY 7HA A E Al xRt JFHAE AASE Y. 27T AU &
NEELS ”71«] S} H23HA panel Sl AlA gl vt H4E wgrom, oktel Hidnt
“71than ﬂ]%é}ﬁil’/}. s T3 Lee et al. (19892 vhsS H7ISHAl &L Z Aol H]sh]

S 1S A oA 9, olF, FFA QU oA A FHriEAT Y B d5Hrke)
wal & o, 161 AR vts3H7F 1% 7HA W A7 s B A4E T2 A vl as)

o, FA 23S Jebdth =3 Kim et al. (1994) o w2 A ol2ls) Ao FZ W3}
D7) sl Hrbeo] IA FES vAA Gt el ole 7hz

A(colon @ =& ZHtexture)ol A HAwtd o=z = 7‘4—’? kol & YA efe A Hl w3

o ARG Aty AAsETH RAE HigEE g 7 A e o] H e 18

7V 15%, vt 7%, WY 1%7} 5.8"M w2 713 E—i% 7IEEE YEHoH, O AR

folHo g o]l el 5 AR 137 10%, vks 10%, 719 4%71 4.6 3
;g

S HrE AT ol R oE APAAE st vhexH RS A

o

o Koo rlr e Z gy do o S b

o
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Table 5. Experimental design for flounder(V. moseri Jordan et Gilbert) sikhe prepared with

material proportion

Variable Level Ingredient

Factors
Sample - X X3
No. pei)i)der Garlic MSG* Flavor Taste Texture Color 21\1/:11;?;1
powder (%) (%)
(%)
1 10 4 2 5.75+0.128  550+0.35° 5.25+0.32® 5.88+0.11* 5.21+0.21*
2 10 4 3 5134+0.51° 5.50+0.21°> 5.00+£0.51° 5.88+0.21* 5.42+0.15°
3 10 10 2 4.884+0.97° 5.13+0.51° 5.00+0.21° 5.50+0.25® 5.10+0.21°
4 20 4 2 437+0.14% 4.50+0.32¢ 4.75+0.12¢ 563+0.61* 4.81+0.75¢
5 10 10 4 413+0.22¢ 4.63+0.21¢ 4.63+0.64° 513+0.32° 4.62+0.23¢
6 20 10 2 4.75+0.84° 5.00+0.33° 5.75+1.01° 5.50+0.28" 5.31+0.54°
7 20 4 4 46240427 4.63%£0.27¢ 4.50+0.32¢ 52540.74° 4.82+0.12¢
8 20 10 4 4.8840.64° 4.25+0.63° 4.63+0.29° 4.88+0.12% 4.70+0.91¢
9 15 7 3 5.00+0.12° 5.00+£0.12° 5.13+0.21° 5.38+0.54" 5.10+0.21°
10 15 7 3 5.00+0.42° 5.00+0.23° 5.13+0.54° 5.38+0.21° 5.12+0.11°
11 15 7 3 5.00+0.32> 550+0.45° 5.13+0.52° 5.38+0.63" 5.35+0.36"
12 15 7 3 5.00+0.17° 5.50+0.23° 5.13+0.31° 5.38+0.55° 5.31+0.12°
13 25 7 3 5.00+0.41° 5.13+0.11° 5.25+0.82° 5.63+0.51* 5.35+0.22
14 5 7 3 5134+0.26° 4.38+0.18° 5.50+1.00° 5.25+0.23° 5.10+0.24°
15 15 13 3 5.254+0.12° 4.38+0.24° 5.50+1.32° 5.38+0.94° 5.11+0.58°
16 15 1 3 3.13+0.37¢  3.25+0.32" 5.25+0.81° 5.25+0.41° 4.224+0.12°
17 15 7 5 5.00+0.12° 5.38+0.12> 5.38+0.62° 5.50+0.66 5.35+0.63"
18 15 7 1 5.134+0.63° 6.13+0.12° 5.50+0.15° 5.63+0.41* 5.65+0.23°

*Tyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s

multiple range test

"monosodium glutmate.
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(Wh AZ=7HE, ks, vde] HAbEE el shAm e e Alx 2 s)

Table 52 AFAHAE T3t Hh-gxEH EAS AT A= Fig 20 et SHAS
2 27X, PFEX), P Y Xy), TEH S Tz EAS AASIY. LA (primary
regression) 0.97, ©]z2l(quadratic regression)2 0.082 5% F~FollA #2943 (K0.05)°] $loH
ZF RAEE Hurge] A4 9 Ao Hee dEdH 127 5-25%, vhs 1-13%, W9 1-5%
stFom, o] FIHAA E=7HF 16.08%, s 7.21%, U 2.96%7F HAZXHOE AUt =&
HAo ¥rgEH E443 BeHvtlA 1R d, 189 A5 H) 170 A5 vjgnl e}
Yetglor, vhg3H BEAHS AFd Az AAAS[R-squared)7t 0.67
== ¢ F AT AFEA 1 2849 A5E ENE 394 24FS WP

f

Fig 2. Perturbation plot and response surface for the effect of sensory characteristics of
flounder (V. moseri Jordan et Gilbert) sikhe prepared with production process standardization
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eIt 2 A7} 3378.22mg/100go. 8 7 =
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<F 2. fFEotvxit &
(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 41.34 40.64 32.81 46.62 33.40 41.71 36.95 37.10 30.34
Ala 42.50 40.93 28.29 34.35 29.64 31.49 30.27 31.43 27.44
Lys 8.17 11.88 9.90 7.51 7.24 10.87 5.81 4.49 7.28
Leu 32.65 28.12 18.95 24.73 20.84 20.71 20.27 20.33 18.00
Glu 1653.27  2889.45 1309.34 1336.21 2551.55 1517.02 2102.38 2029.25 1435.26
Val 34.14 28.70 24.18 31.12 25.30 32.93 24.39 27.25 20.89
Tyr 33.00 25.60 20.01 18.37 19.77 18.89 18.15 18.89 19.18
Gly 20.89 21.15 13.81 13.63 13.32 11.24 12.45 11.52 12.52
Met 15.98 14.20 9.93 12.29 10.32 9.59 10.34 10.01 9.57
Arg 75.93 74.85 76.85 53.04 79.55 104.78 49.45 66.51 56.19
g-ABA 31.45 31.33 22.41 28.60 18.94 32.84 27.66 25.14 20.38
His 8.02 7.39 6.20 5.71 6.21 6.61 4.79 5.61 4.41
Asp 99.16 98.90 77.24 126.22 83.38 143.33 103.91 104.73 78.55
Cys 0 0.00 0.00 0.00 25.30 0.00 5.50 0.00 0.00
Ser 25.24 24.17 17.55 20.00 17.83 19.15 17.00 17.13 15.81
Thr 21.07 19.99 14.66 19.74 15.23 20.68 16.52 16.49 13.73
Phe 28.49 21.42 17.88 20.75 18.82 19.87 17.06 18.15 16.01
Total 2171.3  3378.72  1700.01 1798.89 2976.64 2041.71  2502.9  2444.03 1785.56
Sample No.
10 11 12 13 14 15 16 17 18
Tau 33.15 35.15 22.35 29.45 28.57 26.34 26.07
Ala 25.71 26.81 21.69 23.82 18.97 23.46 23.73
Lys 7.41 0.84 4.48 10.50 3.11 6.27 9.50
Leu 19.04 16.19 13.33 17.33 13.64 17.10 18.89
Glu 1579.97 1367.34 143454 1507.94 1172.70 2152.66  463.69
Val 24.22 23.66 14.21 23.48 15.99 21.68 22.73
Tyr 16.31 13.57 10.73 16.20 11.97 15.11 16.39
Gly 10.92 8.37 11.10 10.08 8.59 9.48 10.65
Met 9.32 8.13 7.21 8.09 7.11 8.14 9.51
Arg 57.26 39.73 42.14 73.44 18.90 48.00 48.78
g-ABA 21.72 21.65 10.66 18.51 12.80 19.48 20.40
His 5.29 3.84 4.20 5.11 2.94 4.00 4.07
Asp 82.44 98.06 35.71 83.48 57.86 69.21 67.81
Cys 0.00 0.00 3.86 0.00 0.00 0.00 0.00
Ser 15.59 12.98 11.64 15.11 10.87 13.45 14.53
Thr 14.63 12.00 9.21 14.06 9.72 12.19 12.83
Phe 17.52 15.16 11.25 16.82 12.86 14.79 15.82
Total 0 0 1940.5 1703.48 1668.31 1873.42  1406.6  2461.36 785.4
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Table 6. Experimental design for flounder(Verasper moseri Jordan et Gilberu) sikhe prepared
with material proportion

Variable Level Ingredient

Factors

Sampl ) . Foxtail Overall
e No. Ginger Radish Flavor Taste Texture Color _

millet quality

(%) (%)

(%)
1 2 10 10 4.75+0.23%  513+0.36Y 5.50+0.14° 5.13+0.11° 5.13+0.26°
2 2 10 18 4.63+0.21¢ 550+0.22° 5.88+0.52° 5.00+0.21¢ 5.25+0.16°
3 2 20 10 3.88+0.91° 4.88+0.78° 4.75+0.36° 4.88+0.10 4.59+0.58f
4 4 10 18 5.25+0.33° 5.88+0.82° 5.63+0.33° 5.88+0.36™ 5.66+0.33°
5 2 20 18 5.254+0.51° 5.75%0.63 5.3840.44° 5.75+0.24° 5.53+0.14°
6 4 20 10 5.63+0.24° 513+0.56° 6.13+£0.25° 5.75+0.63" 5.66+0.61°
7 4 10 18 6.13+0.36* 6.13+0.98a 6.63+0.63a 6.13+0.12a 6.25+0.39°
8 4 20 18 3.63+0.74° 4.75+1.03° 5.25+0.84° 4.75+0.22% 4.59+0.21f
9 3 15 14 5.13+0.22° 5.3840.94° 5.88+0.59° 5.13+0.85° 5.38+0.14¢
10 3 15 14 5.13+0.36° 5.38%+0.13° 5.88+0.93" 5.13+0.39° 5.38+0.89¢
11 3 15 14 4754051 4.88+0.36° 5.88+0.21° 5.38+0.93" 5.22+0.12¢
12 3 15 14 4.754+0.36¢ 4.88+0.36° 5.88+0.53° 5.38+0.36° 5.22+0.11¢
13 5 15 14 4.754+0.19 5.00+0.23% 5.00+0.12¢ 5.38+0.12° 5.03+0.74¢
14 1 15 14 1.88+0.05° 3.13+0.11" 1.75+0.12" 3.63+0.51" 2.59+0.21¢
15 3 25 14 4.754+0.36% 5.38+0.32° 5.63+0.36° 5.75+0.36" 5.38+0.69°
16 3 5 14 5.13+0.23¢ 4.75+0.51° 5.25+0.41% 4.63+0.56° 4.94+0.74f
17 3 15 22 5.63+0.78° 6.25+0.69a 6.00+0.48" 6.00+0.41a 5.97+0.14°
18 3 15 6 5.13+0.34° 4.88+0.26° 5.63+0.26° 5.63+0.31°> 5.31+0.21¢

*Tyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s
multiple range test.
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Fig. 3 Perturbation plot and response surface for the effect of sensory characteristics of
flounder (V. moseri Jordan et Gilbert) sikhe prepared with production process standardization.
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A7, R, B ANFS YD A e e Azhe] fEjoluliet FFL ol gt A
sHes, 7 d=e EFSE 10 26802 @ & o2 s|Foz Ztzte] R
a2k

f

el om, o] AR9 F fEotu it &aF2 2259.96mg/100gS e T glutamic acid’}

<X 3. Felotrimst &

(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 41.67 40.12 36.89 31.76 30.92 34.10 41.93 40.49
Ala 27.08 24.90 24.94 30.42 23.87 27.74 25.61 24.94
Lys 1.71 1.19 3.19 1.00 0.71 2.57 2.75 2.61
Leu 15.64 13.99 17.42 19.34 14.16 16.52 18.90 17.17
Glu 1945.01 1937.06 1810.22 1862.25 1646.10 1870.69 1964.80 1836.38
Val 20.61 19.73 21.08 21.26 17.85 20.14 21.59 20.63
Tyr 11.73 10.78 12.37 14.49 9.49 13.16 13.37 12.23
Gly 10.65 9.89 9.92 11.08 8.79 11.04 10.71 9.92
Met 7.70 6.81 8.46 9.34 6.58 8.36 9.14 8.02
Arg 2.01 251 0.00 0.00 1.32 225 6.72 0.00
g-ABA 18.50 16.92 16.72 14.37 16.06 17.86 15.79 17.98
His 411 3.83 4.00 415 3.62 419 3.90 3.77
Asp 78.85 81.33 75.96 77.16 70.48 77.90 84.38 77.22
Cys 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ser 14.13 13.27 14.01 15.38 11.83 14.48 14.50 13.88
Thr 12.55 11.94 12.31 12.39 10.50 12.11 12.50 12.07
Phe 12.87 11.71 13.35 13.63 10.92 12.71 13.37 12.33
Total 2224.82 2205.98 2080.84 2138.02 1883.2 2145.82 2259.96 2109.64 0
Sample No.
10 11 12 13 14 15 16 17 18
Tau 32.83 39.00 4471 40.42 40.29 39.31 34.96 43.14
Ala 20.46 2245 27.67 26.08 23.32 23.50 21.09 24.56
Lys 1.05 1.81 1.87 5.02 2.00 0.83 2.08 1.53
Leu 14.06 14.28 18.39 21.99 16.18 15.10 13.98 15.13
Glu 1445.77 1572.06 1856.88 1800.69 1754.79 1898.18 1548.48 1574.04
Val 16.47 17.90 21.24 22.95 19.81 19.53 17.46 18.70
Tyr 11.16 11.30 14.15 13.57 10.16 13.00 11.14 12.67
Gly 9.50 9.93 12.15 11.27 9.84 10.28 9.64 11.01
Met 7.07 7.05 8.81 98.76 7.81 7.62 7.05 741
Arg 0.00 0.47 2.25 0.00 0.86 4.09 1.72 1.19
g-ABA 11.10 13.77 14.98 16.10 16.86 20.00 13.97 13.05
His 3.28 3.53 410 4.82 3.75 3.81 3.42 415
Asp 59.14 68.38 78.08 78.70 76.85 80.22 65.53 67.00
Cys 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ser 11.57 12.21 15.53 15.49 13.42 13.11 12.06 13.66
Thr 9.46 10.61 13.07 13.64 11.86 11.46 10.28 11.36
Phe 11.63 11.14 13.32 15.43 11.65 13.84 10.85 12.20
Total 0 1664.55 1815.89 2147.2 2184.93 2019.45 2173.88 1783.71 1830.8
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Table 7. Experimental design for Alaska pollack sikhae prepared of fermentation condition

Variable Level Ingredient
Factors Red

Salilnple X4 X X3 paper  Garlic MSG  Radish( Ginger( FO.)EE a,il
© TTEMP o Sainity Powder (%) %) %) %) ”?/f
(C) (%) (%) ’
1 10 11 4 10 5 3 10 3 5
2 10 11 6 15 5 3 10 3 5
3 10 17 4 15 5 3 10 3 5
4 20 11 4 15 5 3 10 3 5
5 10 17 6 15 5 3 10 3 5
6 20 17 4 15 5 3 10 3 5
7 20 11 6 15 5 3 10 3 5
8 20 17 6 15 5 3 10 3 5
9 15 14 5 15 5 3 10 3 5
10 15 14 5 15 5 3 10 3 5
11 15 14 5 15 5 3 10 3 5
12 15 14 5 15 5 3 10 3 5
13 25 14 5 15 5 3 10 3 5
14 5 14 5 15 5 3 10 3 5
15 15 20 5 15 5 3 10 3 5
16 15 8 5 15 5 3 10 3 5
17 15 14 7 15 5 3 10 3 5
18 15 14 3 15 5 3 10 3 5
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Table 8. Experimental design for Alaska pollack sikhae prepared with material proportion

Variable Level Ingredient

Factors
X1 X X3 .
Sa;]“ple Red TEMP [, Salinity Radish Ginger Fo?iltaf
O- paper  Garlic  MSG () (%) (%) (%) me
(%)
power (%) (%)
(%)
1 7 3 2 15 8 5 10 3 5
2 7 3 4 15 8 5 10 3 5
3 7 7 2 15 8 5 10 3 5
4 13 3 2 15 8 5 10 3 5
5 7 7 4 15 8 5 10 3 5
6 13 7 2 15 8 5 10 3 )
7 13 3 4 15 8 5 10 3 5
8 13 7 4 15 8 5 10 3 5
9 10 5 3 15 8 5 10 3 5
10 10 5 3 15 8 5 10 3 5
11 10 5 3 15 8 5 10 3 5
12 10 5 3 15 8 5 10 3 5
13 16 5 3 15 8 5 10 3 5
14 4 5 3 15 8 5 10 3 5
15 10 9 3 15 8 5 10 3 5
16 10 1 3 15 8 5 10 3 5
17 10 5 5 15 8 5 10 3 5
18 10 5 1 15 8 5 10 3 5
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Table 9. Experimental design for Alaska pollack sikhae prepared with material proportion

Variable Level Ingredient

Factors Red
Sample 4 X2 Foii‘?aﬂ papper  Garlic MSG TEMP D Salinity
No. Ginger ~ Radish millet  Power (%) (%) (T) (%)
(%) (%) @ %)
1 2 5 3 13 7 4 15 8 5
2 2 5 7 13 7 4 15 8 5
3 2 15 3 13 7 4 15 8 5
4 4 5 3 13 7 4 15 8 5
5 2 15 7 13 7 4 15 8 5
6 4 15 3 13 7 4 15 8 5
7 4 5 7 13 7 4 15 8 5
8 4 15 7 13 7 4 15 8 5
9 3 10 5 13 7 4 15 8 5
10 3 10 5 13 7 4 15 8 5
11 3 10 5 13 7 4 15 8 5
12 3 10 5 13 7 4 15 8 5
13 5 10 5 13 7 4 15 8 5
14 1 10 5 13 7 4 15 8 5
15 3 20 5 13 7 4 15 8 5
16 3 1 5 13 7 4 15 8 5
17 3 10 9 13 7 4 15 8 5
18 3 10 1 13 7 4 15 8 5
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Table 10. Experimental design for Alaska pollack sikhae prepared of fermentation condition

Variable Level Ingredient

sample Factors
X1 X X3 Overall
No. TEMP - Salinity Flavor Taste  Texture Color quality
(C) (%)
1 10 11 4 5 5 4.6 5 4.9
2 10 11 6 4 4 4.6 5 4.4
3 10 17 4 0 0 0 0 0
4 20 11 4 4 4 5 5 4.5
5 10 17 6 0 0 0 0 0
6 20 17 4 0 0 0 0 0
7 20 11 6 5 5 4.2 5 4.8
8 20 17 6 0 0 0 0 0
9 15 14 5 5 4 4.4 5 4.6
10 15 14 5 5 4 4.4 5 4.6
11 15 14 5 5 4 4.4 5 4.6
12 15 14 5 5 4 4.4 5 4.6
13 25 14 5 0 0 0 0 0
14 5 14 5 5 5 5.4 5 5.1
15 15 20 5 0 0 0 0 0
16 15 8 5 6 6 6.2 5 5.8
17 15 14 7 4 4 4.4 4 4.1
18 15 14 3 4 4 3.6 4 3.9
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Fig. 4 Perturbation plot and response surface for the effect of sensory characteristics of
sikhe prepared with production process standardization
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< 4. FElobv|eat S

(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 39.27 44.75 40.85 48.36 34.60 38.89 28.73
Ala 33.79 42.86 40.25 46.80 34.36 73.39 71.25
Lys 8.35 20.97 12.50 26.36 14.66 59.79 41.89
Leu 16.86 23.59 22.47 44.87 21.67 64.88 71.65
Glu 2270.47 2516.57 2263.39 1765.15 1633.15 1894.22 2230.40
Val 19.77 25.53 22.50 33.94 21.60 45.47 46.18
Tyr 12.45 18.03 15.41 14.86 14.59 33.68 35.63
Gly 8.72 11.48 9.77 17.75 10.09 21.37 17.64
Met 7.71 9.33 10.71 19.33 13.29 28.55 36.58
Arg 40.28 62.40 36.85 24.23 45.36 55.11 84.92
g-ABA  17.07 21.93 22.59 27.48 11.28 20.16 25.43
His 3.43 4.67 3.78 4.97 3.78 8.35 9.15
Asp 89.01 93.63 81.68 77.44 65.02 89.23 85.20
Cys 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ser 13.40 19.93 11.34 21.68 17.14 34.89 28.97
Thr 11.41 14.69 12.23 19.90 11.87 25.69 25.62
Phe 17.41 23.15 22.97 31.56 19.48 41.60 51.72
Total  2609.4 2953.51 2629.29 2224.68 1971.94 0 2535.27 0 2890.96
Sample No.
10 11 12 13 14 15 16 17 18
Tau 26.51 29.87 22.75 28.57 26.17 33.92 28.35
Ala 56.42 231.06  35.79 82.65 48.29 33.44 37.77
Lys 36.80 229.11  22.00 50.75 23.19 19.36 10.20
Leu 52.00 270.47  22.01 87.57 38.90 22.47 24.84
Glu 2090.34 2384.57 1662.42 2002.61 2485.95 1956.62 1679.07
Val 36.32 139.93  20.58 54.92 30.24 21.36 21.14
Tyr 24.00 42.50 11.46 42.71 17.91 14.84 14.33
Gly 13.42 59.22 9.55 23.38 10.88 9.35 8.94
Met 25.77 104.89 9.85 46.59 18.19 8.75 10.24
Arg 77.78 4.67 50.03 73.93 62.02 52.93 20.66
g-ABA  19.23 78.24 13.47 42.71 15.97 15.51 33.94
His 6.68 29.29 3.95 9.27 4.13 3.98 3.71
Asp 87.37 235.45  65.44 84.03 75.89 79.61 31.80
Cys 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ser 26.16 47.61 19.12 32.07 21.99 17.80 5.16
Thr 20.57 29.83 12.51 30.57 16.59 12.67 11.00
Phe 32.59 115.58  18.54 64.93 23.18 20.23 27.90
Total  2631.96 0 0 4032.29 1999.47 2757.26 2919.49 2322.84 1969.05
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Table 11. Experimental design for Alaska pollack sikhae prepared with material proportion

Variable Level Ingredient

Sample — Factors 5 |
e vera

No. papper Garlic%)  MSG(%) Flavor = Taste  Texture  Color quality

paper(%)

1 7 3 2 5.25 5.25 5.00 5.38 5.22
2 7 3 4 4.88 6.00 5.50 5.63 5.50
3 7 7 2 5.25 6.13 5.25 5.50 5.53
4 13 3 2 5.38 5.63 5.75 5.75 5.63
5 7 7 4 4.75 5.50 4.88 5.38 5.13
6 13 7 2 4.13 5.63 4.75 5.50 5.00
7 13 3 4 4.63 4.75 5.88 5.50 5.19
8 13 7 4 5.50 6.38 6.25 6.25 6.09
9 10 5 3 5.00 5.88 5.88 6.13 5.72
10 10 5 3 5.00 5.88 5.88 6.13 5.72
11 10 5 3 5.00 5.25 5.75 5.75 5.44
12 10 5 3 5.00 5.25 5.75 5.75 5.44
13 16 5 3 5.63 5.63 6.00 6.00 5.81
14 4 5 3 3.00 4.00 3.13 4.50 3.66
15 10 9 3 4.38 6.25 6.00 6.00 5.66
16 10 1 3 5.00 5.63 6.13 6.13 5.72
17 10 5 5 5.00 6.13 6.13 6.38 5.91
18 10 5 1 4.63 5.25 5.00 5.50 5.09
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Fig. 5 Perturbation plot and response surface for the effect of sensory characteristics of
sikhe prepared with production process standardization
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D AFS 27 DE @ frohulndt B
WElA sl o] FARHIEE F okt S obgol UEAT. Bl A= 81
NE7F Mg we dFEE wged, o ue wWedsde F fcvles FFe
2352.85mg/100gS EbWT) glutamic acidZ7} 86%2 AtA|stgow, RES A&7 v
u, H]=3 FF2E R Aoz ARHEY. Ala 1%, Met 0.4%, Arg 2.12% AEE 242t 2R
skl dglom, Cyse HEHA &gkt
(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 13.55 12.78 12.42 20.30 12.25 17.99 16.56 17.57 14.49
Ala 19.32 17.66 18.03 22.01 15.81 20.57 21.43 24.02 18.79
Lys 12.71 8.34 12.34 6.59 10.75 11.09 11.52 13.32 11.59
Leu 17.94 9.13 15.78 17.11 10.51 16.67 18.39 19.22 16.08
Glu 1288.05 2277.68 1258.28 1186.02 2137.89 1335.51 2160.77 2042.38 1617.50
Val 17.43 15.07 18.42 20.78 15.44 20.74 19.41 21.33 17.60
Tyr 12.71 6.66 13.06 13.74 11.59 13.19 12.89 14.14 12.25
Gly 5.84 5.88 5.61 6.40 5.26 5.74 6.00 6.41 5.42
Met 8.86 5.63 8.31 9.06 5.84 8.64 9.16 9.43 7.83
Arg 30.93 29.09 48.40 34.13 48.69 49.00 29.97 51.17 34.75
g-ABA  13.84 14.49 11.83 18.81 13.33 23.07 15.58 19.27 13.45
His 2.22 2.20 2.33 2.27 2.19 2.96 2.14 2.59 2.14
Asp 47.65 44.90 49.60 70.90 45.27 75.10 64.51 70.96 52.75
Cys 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ser 10.33 9.49 10.94 12.31 10.30 12.40 11.13 13.15 10.20
Thr 8.99 8.29 9.41 11.71 8.16 11.30 10.21 11.88 9.00
Phe 14.78 9.04 14.83 17.01 13.16 16.95 15.53 16.01 14.57
Total  1525.15 2476.33 1509.59 1469.15 2366.44 1640.92 2425.2 2352.85 1858.41
Sample No.
10 11 12 13 14 15 16 17 18
Tau 14.50 11.80 7.73 11.59 12.38 11.40 16.52
Ala 18.49 11.31 12.81 18.39 17.61 18.55 23.54
Lys 11.22 6.31 4.93 12.98 6.63 10.41 12.82
Leu 13.70 10.15 7.40 14.64 13.58 13.49 20.29
Glu 1656.85 1012.50 1403.63 1410.58 1473.27 2528.53 703.62
Val 16.67 12.44 11.46 19.35 14.99 15.83 20.47
Tyr 7.54 4.96 4.73 14.89 5.86 10.41 14.12
Gly 5.11 3.51 4.52 5.79 5.08 4.99 6.80
Met 7.21 4.76 4.33 7.42 6.58 7.53 9.70
Arg 39.41 22.41 31.92 67.87 19.49 35.86 44.32
g-ABA 14.89 11.02 8.33 14.75 15.81 17.88 14.23
His 2.22 1.60 1.64 2.84 1.88 1.96 3.18
Asp 57.92 48.05 26.49 55.96 48.83 53.11 58.56
Cys 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ser 9.91 7.35 7.01 11.54 9.71 9.91 12.92
Thr 9.22 7.08 5.45 9.72 8.76 8.34 11.28
Phe 11.86 8.71 7.34 16.31 9.94 12.58 17.96
Total 0 0 1896.72 1183.96 1549.72 1694.62 1670.4 2760.78 990.33
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Table 12. Experimental design for Alasak pollack sikhae prepared with material proportion

Variable Level Ingredient

Factors
Salilnple ~X1 X2 Foif‘saﬂ Flavor =~ Taste  Texture  Color Overall
0. Ginger  Radish , lit
millet quaity
(%) (%) %
1 2 5 3 5.0 5.2 5.0 5.0 5.2
2 2 5 7 6.0 6.6 6.2 6.0 6.2
3 2 15 3 4.8 5.0 5.0 4.0 4.7
4 4 5 3 5.0 5.0 5.0 4.6 4.9
5 2 15 7 5.0 5.0 5.0 5.0 5.0
6 4 15 3 4.8 5.0 4.4 5.0 4.8
7 4 5 7 5.0 5.4 5.0 5.0 5.1
8 4 15 7 4.6 5.0 5.0 4.6 4.8
9 3 10 5 5.0 5.0 5.4 5.0 5.1
10 3 10 5 5.0 6.0 5.6 5.0 5.4
11 3 10 5 5.0 5.0 5.4 5.0 5.1
12 3 10 5 5.0 6.0 5.6 5.0 5.4
13 5 10 5 5.0 5.4 5.0 5.0 5.1
14 1 10 5 5.0 5.0 5.4 5.0 5.1
15 3 20 5 5.0 54 5.0 5.4 5.2
16 3 1 5 5.0 6.0 5.0 5.6 5.4
17 3 10 9 6.0 5.0 5.2 5.4 5.4
18 3 10 1 5.0 6.0 6.0 5.0 55
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Fig. 6 Perturbation plot and response surface for the effect of sensory characteristics of
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BEj sl o] FASHEVIE & fFEobrindt S ofgfol et AT HeH Tt = 29
AE7d R we AsE wged, oo HHdsiel F fohunt Fe
3710.93mg/100g-S EbTE glutamic acid7l 82%E A &tFow, thFEES AsE nvud
o], H]=3 FFE FF5tE Ao ZE AR HT Cysv= HAEFH A &t

(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 27.31 41.69 21.76 23.16 24.76 20.28 23.10 24.60
Ala 36.07 43.63 22.63 27.64 27.31 38.66 45.72 45.33
Lys 22.48 28.87 12.68 15.89 7.96 22.00 35.60 28.16
Leu 36.87 40.83 21.44 26.49 25.65 46.71 53.08 51.65
Glu 2324.75 3257.98 2304.09 2342.39 1911.96 1907.27 2090.13 1919.93
Val 26.63 27.34 20.07 23.11 23.58 29.89 33.01 31.67
Tyr 15.93 15.06 11.57 13.37 14.38 18.05 21.48 22.87
Gly 9.93 11.38 6.80 8.74 9.34 10.22 13.73 11.16

Met 20.42 13.46 10.15 12.18 12.02 24.67 26.84 27.70

Arg 3.90 24.56 2.47 0.00 2.77 0.82 11.41 0.30

g-ABA  12.20 23.28 15.19 14.06 12.05 13.83 11.72 18.31

His 2.70 3.49 2.32 2.34 2.81 2.84 3.79 2.94
Asp 70.85  112.61  70.47 73.90 57.08 59.77 72.16 62.21
Cys 4.37 0.00 0.00 0.00 0.00 5.34 5.46 5.82
Ser 19.01 22.74 12.47 15.23 15.37 20.63 25.28 21.97

Thr 15.45 20.71 10.42 11.97 12.61 16.20 19.22 17.33

Phe 19.24 23.30 15.94 17.37 17.53 24.92 25.56 30.08

Total 2668.11 3710.93 2560.47 2627.84 2177.18 2262.1 2517.29 2322.03 0

Sample No.
10 11 12 13 14 15 16 17 18

Tau 26.21 25.47 2.10 24.85 19.25 26.91 21.04 28.33

Ala 38.64 40.19 56.94 25.36 41.63 45.55 49.22 34.26

Lys 25.49 26.19 50.20 12.73 26.76 25.39 33.44 16.05

Leu 42.77 44.30 66.62 24.30 43.79 41.88 54.42 32.82

Glu 2241.38 2294.14 1824.30 1888.88 1965.51 2172.97 1890.50 2216.22

Val 29.79 30.66 37.72 21.92 30.90 3177 34.06 21.33

Tyr 17.19 22.45 25.73 13.31 17.39 21.29 25.60 13.13

Gly 11.01 12.16 14.95 8.20 10.19 12.99 13.83 9.76

Met 24.36 25.00 31.14 16.64 23.31 22.81 27.76 9.88

Arg 0.00 5.22 9.83 0.00 0.35 36.16 1.52 22.74

g-ABA 16.31 19.15 12.44 11.07 17.72 15.30 17.12 20.67

His 2.79 3.01 6.15 2.47 3.18 2.77 3.87 2.80

Asp 71.75 72.79 71.09 79.16 69.41 68.98 67.76 71.87

Cys 6.22 6.27 6.32 0.00 4.61 0.00 5.89 0.00

Ser 20.51 21.48 30.00 13.21 20.49 21.54 25.17 18.69

Thr 16.74 16.82 22.01 11.15 16.22 16.84 18.75 15.87

Phe 22.75 27.02 30.63 16.95 25.59 23.69 31.09 19.31

Total 0 2613.91 2692.32 2298.17 2170.2  2336.3 2586.84 2321.04 2553.73
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@) 2344389 Ax 34 HHIJ(I-SEHEA)

o wha} SAS(statistical analysis system 10.0) T2 13- A3t 194 Agoz =HWHS

[

ZE 2xkD, 71X, =K FFL, EEHUSFRE BH E4HO M F 227, 9 A
HlAol y|s e MAstY RZFIYT oS HEOT 2UAE EgWss wE7bRkx]), 1)
=(x2), "EKx3), TEHTE A5 5L HAASAT 3GA =g 1294 vlE o 235
FEUS BRD, AZ00), TR, SPYRFE Bed 5402 A4 Ak 24 2o Ha
2 A HYS 47 2% 525C, 7|7t 1-5Y, d= 3~7%, A& 4~20%, 1F7FE 1~9%, s
1~8%, M9 1-5%2 Asldch S48 AF zZzte] gAlel Az EF HLLS Table 7, 8, 9%t
Fdgy

Table 13. Experimental design for squid sikhae prepared of fermentation condition

Variable Level Ingredient

Sample Factors Red Garli MSG  Radish Gi Foxtail

No. TEMP .. Salinity A% %ifg; f,‘,;)lc o ?/)S l(rj/g)er millet
(C) %) @%) P o ° ° ° ° %)

1 10 2 4 8 5 4 3 93 1 8
2 10 2 4 16 5 4 3 93 1 8
3 10 2 6 8 5 4 3 93 1 8
4 10 4 4 8 5 4 3 93 1 8
5 20 2 4 8 5 4 3 93 1 8
6 10 2 6 16 5 4 3 93 1 8
7 10 4 6 8 5 4 3 93 1 8
8 20 4 4 8 5 4 3 93 1 8
9 20 2 4 16 5 4 3 93 1 8
10 10 4 4 16 5 4 3 93 1 8
11 20 2 6 8 5 4 3 93 1 8
12 10 4 6 16 5 4 3 93 1 8
13 20 4 6 8 5 4 3 93 1 8
14 20 2 6 16 5 4 3 93 1 8
15 20 4 4 16 5 4 3 93 1 8
16 20 4 6 16 5 4 3 93 1 8
17 15 3 5 12 5 4 3 93 1 8
18 15 3 5 12 5 4 3 93 1 8
19 15 3 5 12 5 4 3 93 1 8
20 15 3 5 12 5 4 3 93 1 8
21 25 3 5 12 5 4 3 93 1 8
22 5 3 5 12 5 4 3 93 1 8
23 15 5 5 12 5 4 3 93 1 8
24 15 1 5 12 5 4 3 93 1 8
25 15 3 7 12 5 4 3 93 1 8
26 15 3 3 12 5 4 3 93 1 8
27 15 3 5 20 5 4 3 93 1 8
28 15 3 5 4 5 4 3 93 1 8
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Table 14. Experimental design for squid sikhae prepared with material proportion

Variable Level Ingredient

Factors
Sample Red - : . Foxtail
No. paper  Garlic MSG TECN;P DAY Sa(lglity R?gl )S h Gl(rs/g)er millet
powder (%) (%) ’ ° ’ (%)
(%)
1 3 2 2 15 1 5 93 1 8
2 3 2 4 15 1 5 93 1 8
3 3 6 2 15 1 5 93 1 8
4 7 2 2 15 1 5 93 1 8
5 3 6 4 15 1 5 93 1 8
6 7 6 2 15 1 5 93 1 8
7 7 2 4 15 1 5 93 1 8
8 7 6 4 15 1 5 93 1 8
9 5 4 3 15 1 5 93 1 8
10 5 4 3 15 1 5 93 1 8
11 5 4 3 15 1 5 93 1 8
12 5 4 3 15 1 5 93 1 8
13 9 4 3 15 1 5 93 1 8
14 1 4 3 15 1 5 93 1 8
15 5 8 3 15 1 5 93 1 8
16 5 1 3 15 1 5 93 1 8
17 5 4 5 15 1 5 93 1 8
18 5 4 1 15 1 5 93 1 8
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Table 15. Experimental design for squid sikhae prepared with material proportion

Variable Level Ingredient

Sample Factors . Red . .
No. Ginger Radish Fo.><ta11 paper Ge(l)rhc MOSG TEMP DAY Salinlty
% % millet  power (%) (%) () (%)
(%) (%)
1 0.5 61 6 7 2 2 15 1 5
2 0.5 61 10 7 2 2 15 1 5
3 0.5 93 6 7 2 2 15 1 5
4 1.5 61 6 7 2 2 15 1 5
5 0.5 93 10 7 2 2 15 1 5
6 1.5 93 6 7 2 2 15 1 5
7 1.5 61 10 7 2 2 15 1 5
8 1.5 93 10 7 2 2 15 1 5
9 1 7 8 7 2 2 15 1 5
10 1 7 8 7 2 2 15 1 5
11 1 7 8 7 2 2 15 1 5
12 1 7 8 7 2 2 15 1 5
13 2 7 8 7 2 2 15 1 5
14 0.1 7 8 7 2 2 15 1 5
15 1 109 8 7 2 2 15 1 5
16 1 45 8 7 2 2 15 1 5
17 1 7 12 7 2 2 15 1 5
18 1 77 4 7 2 2 15 1 5
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Table 16. Experimental design for squid sikhae prepared of fermentation condition

Variable Level Ingredient

Sample Factors Overall
No. TEMP b Salinity =~ A% Flavor Taste Texture Color ,
() % quality

1 10 2 4 8 4 5.2 5 5 4.8
2 10 2 4 16 5 5.2 4 5 4.8
3 10 2 6 8 5 4.6 4 4 4.4
4 10 4 4 8 4.8 4 4 4 4.2
5 20 2 4 8 4 4.4 4.4 4 4.2
6 10 2 6 16 5 5 5 5 5
7 10 4 6 8 5 4.8 5 4.4 4.8
8 20 4 4 8 3 3 3.6 3.6 3.3
9 20 2 4 16 4 5 4 5 4.5
10 10 4 4 16 4 4.8 5 5 4.7
11 20 2 6 8 5 5 5 4.2 4.8
12 10 4 6 16 4 5 4.8 5 4.7
13 20 4 6 8 3 4 3 3.6 34
14 20 2 6 16 4 4 3.6 4 3.9
15 20 4 4 16 3.4 3 3.4 3 3.2
16 20 4 6 16 4 4 4 4 4
17 15 3 5 12 4.6 5 4.6 5 4.8
18 15 3 5 12 4.6 5 4.6 5 4.8
19 15 3 5 12 4.6 5 4.6 5 4.8
20 15 3 5 12 4.6 5 4.6 5 4.8
21 25 3 5 12 3 2.8 3 2.4 2.8
22 5 3 5 12 4 4.8 4 4 4.2
23 15 5 5 12 3 2.8 3 2.4 2.8
24 15 1 5 12 5.8 6 5 6 5.7
25 15 3 7 12 4 5 4 4.6 4.4
26 15 3 3 12 5 4.2 4.4 4 4.4
27 15 3 5 20 5 4 5 4 4.5
28 15 3 5 4 5 5 4.2 5 4.8
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Fig. 7 Perturbation plot and response surface for the effect of sensory characteristics of
sikhe prepared with production process standardization
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Table 18. Experimental design for Alaska pollack sikhe prepared with material proportion

Variable Level Ingredient

Sample Factors

No.  Red paper  Garlic MSG Flavor —Taste Texture  Color Over.all
power (%) (%) (%) quality

1 3 2 2 5.0 5.4 5.4 5.0 5.2

2 3 2 4 5.2 5.4 5.2 5.4 5.3

3 3 6 2 2.0 2.0 2.0 2.0 2.0
4 7 2 2 5.0 6.0 6.0 5.4 5.6

5 3 6 4 2.0 2.0 2.0 2.0 2.0

6 7 6 2 4.0 4.0 4.0 3.6 3.9

7 7 2 4 5.6 6.0 5.0 5.0 5.4

8 7 6 4 4.0 5.0 4.0 4.2 4.3

9 5 4 3 3.0 3.0 3.8 3.0 3.2
10 5 4 3 3.0 3.0 3.8 3.0 3.2
11 5 4 3 3.0 3.0 3.8 3.0 3.2
12 5 4 3 3.0 3.0 3.8 3.0 3.2
13 9 4 3 3.0 2.2 3.0 3.0 2.8
14 1 4 3 3.0 4.0 4.0 3.0 3.5
15 5 8 3 1.0 2.0 1.0 1.2 1.3
16 5 1 3 4.0 5.0 4.0 4.2 4.3
17 5 4 5 4.0 4.4 4.0 4.0 4.1
18 5 4 1 4.0 3.0 4.0 3.0 3.5
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Fig. 8 Perturbation plot and response surface for the effect of sensory characteristics of
sikhe prepared with production process standardization
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4.2%, Met 1.2% BE=E #Asta dlon, dEAEEH E Cys7l 13.61mg/100g0.2 HZEF]
At
(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 37.66 35.20 37.25 40.69 32.43 32.33 46.01 39.18 39.18
Ala 59.31 31.16 31.79 30.00 27.30 26.62 32.56 30.58 30.58
Lys 17.79 15.59 19.62 16.88 16.72 17.03 19.95 19.72 19.72
Leu 29.55 27.05 30.97 30.99 26.59 28.16 35.14 31.28 31.28
Glu 816.04 2118.14 821.08 954.68 1436.48 777.87 1646.19 1614.88 1614.88
Val 19.38 20.99 20.01 20.29 17.40 18.37 22.01 20.78 20.78
Tyr 10.29 9.86 12.10 10.84 10.14 8.45 14.63 12.16 12.16
Gly 9.67 9.10 9.62 9.49 8.95 8.47 10.57 9.40 9.40
Met 15.33 14.07 15.90 16.57 14.23 14.50 18.59 16.54 16.54
Arg 53.02 54.98 59.23 56.64 53.00 51.81 60.18 61.74 61.74
g-ABA  19.82 34.61 24.48 27.79 16.94 22.39 27.84 33.95 33.95
His 14.33 13.27 14.75 14.03 12.61 12.53 16.11 14.30 14.30
Asp 26.17 31.89 27.16 35.30 24.18 34.61 38.77 38.77 38.77
Cys 12.75 11.66 12.99 13.61 24.18 11.40 15.76 12.57 12.57
Ser 11.70 11.42 12.05 11.87 10.82 11.09 12.89 12.81 12.81
Thr 11.06 11.85 11.39 12.39 9.99 10.57 12.85 12.32 12.32
Phe 23.34 21.46 24.40 25.60 21.65 22.00 29.21 25.97 25.97
Total 1187.21 2472.3 1184.79 1327.66 1763.61 1108.2 2059.26 2006.95 2006.95
Sample No.
10 11 12 13 14 15 16 17 18
Tau 39.18 39.18 38.50 38.79 32.50 34.03 30.11 35.23 37.66
Ala 30.58 30.58 29.77 29.45 28.48 30.27 20.91 27.00 27.71
Lys 19.72 19.72 18.65 17.96 18.37 19.20 13.20 17.03 19.10
Leu 31.28 31.28 31.49 31.81 27.73 28.56 23.53 28.79 32.12
Glu 1614.88 1614.88 1470.86 1271.57 1220.50 1310.87 1116.39 1535.05 525.47
Val 20.78 20.78 21.28 23.90 19.49 22.63 15.16 19.70 21.22
Tyr 12.16 12.16 11.27 10.91 11.81 16.41 4.74 11.49 9.62
Gly 9.40 9.40 10.00 9.52 9.18 9.18 7.64 9.03 10.03
Met 16.54 16.54 17.47 17.16 15.29 13.76 12.80 15.73 16.97
Arg 61.74 61.74 57.04 58.05 56.46 69.76 30.97 49.45 57.16
g-ABA  33.95 33.95 21.10 33.56 18.18 28.02 12.24 24.01 16.37
His 14.30 14.30 14.57 14.49 14.24 14.19 11.08 13.99 14.88
Asp 38.77 38.77 34.55 41.89 23.18 35.35 24.43 26.28 32.06
Cys 12.57 12.57 12.98 14.92 11.77 12.43 9.98 12.08 14.19
Ser 12.81 12.81 11.98 12.77 10.74 12.33 8.61 10.79 11.90
Thr 12.32 12.32 12.42 14.86 10.22 13.47 8.50 11.31 12.55
Phe 25.97 25.97 23.88 23.34 21.46 22.15 16.00 21.86 23.60
Total  2006.95 2006.95 1837.81 1664.95 1549.6 1692.61 1366.29 1868.82 882.61
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Table 19. Experimental design for squid sikhae prepared with material proportion

Variable Level Ingredient

Factors
Sample . . Foxtail Overall
No. Ginger  Radish . Flavor =~ Taste  Texture  Color ,
) %) millet quahty
(%)
1 0.5 61 6 5.1 4.9 5.1 5.2 5.1
2 0.5 61 10 4.8 51 4.9 5.2 5.0
3 0.5 93 6 4.5 4.9 4.6 4.8 4.7
4 1.5 61 6 4.7 5.0 4.9 4.6 4.8
5 0.5 93 10 4.9 4.5 4.8 4.6 4.7
6 1.5 93 6 5.0 5.3 5.0 5.4 5.2
7 1.5 61 10 5.2 4.8 4.9 5.1 5.0
8 1.5 93 10 5.2 51 4.9 5.1 5.1
9 1 77 8 4.8 5.2 5.1 4.6 4.9
10 1 77 8 4.8 5.2 51 4.6 4.9
11 1 77 8 4.8 5.2 5.1 4.6 4.9
12 1 77 8 4.8 5.2 51 4.6 4.9
13 2 77 8 5.2 51 5.1 4.9 5.1
14 0.1 77 8 5.8 55 5.9 5.3 5.6
15 1 109 8 5.6 5.8 5.7 5.7 5.7
16 1 45 8 6.2 6.3 5.9 5.9 6.1
17 1 77 12 5.4 51 5.3 5.2 5.3
18 1 77 4 5.9 6.0 5.8 5.7 5.8
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G A7, T, FE AES DR e se) w25

A%, -, FEY AES dsHUtE EUE wheRd B4s AN A= Fig 99 2
2D, Fx2), F2KI), FHHTs B3 SAHoE AAsdd. A, F, F2
7 o

FEU5 A &
7L BN T AR AbEe 7 AE RA tul A% 102%, T 78.70%, F8 8.33%
£ Ueon], wheEd BANE AN AR AAAFR-square)7t 0512 AL T
e ne] ot

35487 |

352.29 |

Y. y /
m b / /
DAl / _—
972+ . = 1/ o o
7 .
B 61 / o~
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5 61 i a3 109
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Fig. 9 Perturbation plot and response surface for the effect of sensory characteristics of
sikhe prepared with production process standardization
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(oh) o2l e] A%, F, F2 HAVtFs 47 S felotv| it &

A7, T, 8 ANES 28 A4S dAE Cys7t AEHNeH, 161 A7 #EH
FoA 7 =2HE W 1 2o F foolm 2t 3eF-21264.21mg/100gS YEF R
ow, Glu 70.4%, Ala 2.8%, Arg 35%% A3t om, Cys7t 23.10mg/100g A= HE= ok
AAAR o= Euf 7iAu|et Wejlsol] vls] F frejotv| it FFe A YEhgon, 9o
28| o| ARt E83}A] cysteino] HEE At

o
e
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{Frelotr it e
(mg/100g)
Sample No.
1 2 3 4 5 6 7 8 9
Tau 65.81 56.69 43.14 54.87 51.27 45.74 52.04 42.98 42.98
Ala 36.91 33.00 27.92 34.71 32.24 30.14 32.16 28.10 28.10
Lys 14.86 14.13 10.96 11.66 11.99 10.34 10.97 8.40 8.40
Leu 32.95 30.18 24.59 29.80 28.79 25.44 26.33 23.71 23.71
Glu 885.84  755.15 707.73 802.10 755.39 711.69 752.60 630.44 630.44
Val 21.50 19.47 17.61 18.59 19.11 18.40 17.79 16.25 16.25
Tyr 135.81  10.21 9.37 9.57 9.08 9.34 5.65 7.85 7.85
Gly 11.41 10.35 8.78 10.18 10.09 8.94 9.47 8.27 8.27
Met 18.50 16.14 13.69 16.01 15.71 14.01 13.94 12.79 12.79
Arg 57.66 50.84 47.93 44.35 44.94 50.21 47.13 40.88 40.88
g-ABA  24.43 15.10 21.26 15.23 21.05 23.11 17.20 14.62 14.62
His 22.81 20.84 15.02 17.86 17.50 14.46 16.79 12.57 12.57
Asp 33.60 29.44 27.30 28.49 30.03 25.39 26.81 23.29 23.29
Cys 25.26 23.64 18.50 22.23 21.60 19.23 20.18 18.07 18.07
Ser 11.48 10.76 9.57 9.85 10.14 9.09 9.60 8.21 8.21
Thr 13.88 12.16 10.77 11.12 11.42 11.11 11.83 9.73 9.73
Phe 24.80 21.67 18.74 21.64 21.51 19.81 17.58 17.99 17.99
Total  1437.51 1129.77 1032.88 1158.26 1111.86 1046.45 1088.07 924.15 924.15
Sample No.
10 11 12 13 14 15 16 17 18
Tau 42.98 42.98 53.50 54.27 44.75 47.52 58.72 51.33 4.48
Ala 28.10 28.10 32.46 35.17 29.70 32.60 36.16 32.86 31.58
Lys 8.40 8.40 12.85 11.11 12.22 10.91 13.68 12.43 11.58
Leu 23.71 23.71 28.41 27.57 25.86 27.77 29.20 29.11 26.55
Glu 630.44 630.44 751.84 797.93 829.26 699.72 891.04 752.99 724.51
Val 16.25 16.25 19.59 19.52 18.45 18.71 19.42 22.82 17.93
Tyr 7.85 7.85 11.01 6.69 8.11 8.88 7.80 9.28 9.95
Gly 8.27 8.27 9.93 10.02 8.79 9.69 10.62 9.77 9.18
Met 12.79 12.79 15.54 14.31 13.90 14.71 14.84 15.39 14.23
Arg 40.88 40.88 52.26 53.14 47.57 43.32 45.89 54.00 45.79
g-ABA  14.62 14.62 20.44 23.22 25.06 16.45 18.76 23.3 18.31
His 12.57 12.57 18.72 16.72 16.55 15.56 20.22 17.74 16.50
Asp 23.29 23.29 28.60 27.99 29.85 27.12 31.86 29.25 26.07
Cys 18.07 18.07 22.06 21.16 19.33 20.77 23.10 21.48 20.17
Ser 8.21 8.21 10.61 10.31 9.96 10.21 11.32 10.72 9.47
Thr 9.73 9.73 11.92 12.67 10.93 11.09 12.25 12.43 10.63
Phe 17.99 17.99 21.47 18.99 19.83 20.79 19.33 21.20 19.93
Total 924.15 924.15 1121.21 1160.79 1170.12 1035.82 1264.21 1126.1 1016.86
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. EF34 A

FH 7IEAEFF@ ol FED S FHAE

A vl

2 #AFHA vl AA

7y, 7hApm A A
FEshd 7 A g A9 o 711 JA o] HAAR AFS AZ3Y FHEL 9 #A5H7}
& AR Az gAFE & 3-10 YET FEEA S vadte] BY 7| EH AT
o] 7kxpm A= pH7}Y 4.67, VBNEHEFo] 24.44 mg/100g, obw| e & A 3heko] 27548 mg/100g.<.
2 #ZEshd AT va gL TS Ueiien, 40 o Bel # AEs ¢ 5 ATk
FTHFt fFAEF T3 ZIEGAITANA B Be] 5 YEAT #5AAE vas] Boks
wl, Mo A F AT ApolE UERNA kAN Bt &3 A oA 7]E 74AbE] A 5|
Ao Ha] Y UPOE B LS YT
<E 3-1. Az FAS Bl
71EAE AAFHH ] FER) WS EHEA £573 @AY
EHeE 10~15C 12°C
%477t 14 12.5¢
A= (A A F) 5% 4.60%
VENE Ar e 15% 16.80%
s UL 7% 7.21%
v H7heF 3% 2.96%
A7 AV 3% 3.70%
o) ek 15% 10.12%
8 A7} e 14% 13.72%
*RANT HUrEE YEFA b %

(% 3-2. ¥4

71EAE YA HHo|EEN

WEEAEY wwsl gAY

pH 4.67 4.86
VBN 24.44 16.70
oiu| e A A& F 275.48 205.32
T 3.13x 107 5.12x10°
A 7.24 %108 3.24x10°
<E 3-3. WAL vla
Z1EAFE AT ol F =) U HEAN F33) g AT
A 6.3 6.2
ok 5.5 6.3
F 5.5 5.9
Z2 2+ 5.3 5.6
=3 22.6 24
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23] Z|EHA et xFstE HAT Y FEEALY BHF5HIME TEt Hla A AT
Az #HAF= F 3-49) 7“”11 FHAEARLE F 3-50 UetAT ZEAR e FARSHAl 7] &)
5 pH7} 4.48% EFE3H AT 4.76 Bod Egkon, VBNEEH ofr| e dAgs =

3 7)1 A 97} zbzk 25.25 mg/100g, 272.91 mg/l00go. 2 HF5}e) A 9o Hléﬂﬂ =4 vehg
b T3 107 CFU/ge.2 =7 Yelgon fHeH o BF3d #A97)

[e)
= T
T4 2527 o= T|EYAIY 21740 v} & BB HFE LT

< 3-4. A= #AY vl

Z|EAF AT (Hol|F=H) HSEHEA FZ3 9 AT

SAHALE 15~18C 12.2C
S4713 14Y 8.3
A= (A F) 5% 4.8%
AE7VE HUVEF 11% 14.2%
s A7t 2.3% 8.4%
g HrtF 0.8% 4.1%
% A 1.6% 2.6%
7 At 11% 5.6%
F& A7 4.4% 8.7%

*EAR HAUrES A=A bl %

(i 3.-5. 4 EA vl
71 EAF AT (o) FER) HS R HEA FZF3] #AY

pH 4.48 4.76
VBN 25.28mg/100g 19.79mg/100g
opr| = A A& G 272.91mg/100g 231.61mg/100g
FdT 7.12x107 2.11x10°
A 5.24 X107 1.24 < 10°
< 3-6. I Bl
(%)
Z|EAF AAFCE e FER) W RHEA 73 gAY
A 5.1 6
gt 5.2 6.4
oF 5.8 6.6
ZA| % 5.6 6.2
3 21.7 25.2
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£F3d A E vl

A @A E & 3-7 YR
. ZAEARLS v e} HE e npRstA R ) EY A S o] VBN ofn ) A

agegol

Z} 12.09mg/100g, 155.63mg/100go.2 EF3ste Ao H|ste] F=A YEgow, T

7
At ®3 107 CFUIge 2 =4 el &%
7128 A9 1874 v &=

o
)
>

o e Wt

(E 3-7. Az dAF v

Bl A EEsEAA 97 F

Z1EAFE AT FolF =) HES-EHEN BEF3 gAY
SAHLE 10~15C 13.5C
<A 717¢ 3Y 2.21¢
A =(FAAAE) 5% 4.5%
A7 5 AU = 5.6% 7.7%
ns HsbeF 4% 3.3%
g HrbF 3% 2.6%
A7} HA7VF 1% 1.0%
5 HAutE 93% 78.7%
F4& A 8% 8.3%
*RAT YU dERA dH %
(E 3-8 F4 EA vl
Z1EAE AT ol FEH) HSEHEAN 323 Ay
pH 5.01 6.21
VBN 12.09mg/100g 9.34mg/100g
opr| e A A 151.63mg/100g 141.62mg/100g
i 6.25% 107 7.21x10°
R IRA1Y 3.42x 107 5.44 X 10°
(% 3-9. A5HP
71 EAE A A T)(A o] F=1) WS- HEA 2531 g AT
Ay 4.2 6.5
ok 5.0 6.2
aF 4.2 6.0
zA7 5.3 6.3
=4 18.7 25
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4. FVAE A8 starter TR g B HAs
7t A SHAT e Agst Bdae) nAERH, o8y B4 AE
. A% L P

N@ sl EAwA 9 Fa A nAE BY 9 54T Ao 4me Rme A
817, o|getd 4L AESY] Sste] T AR £7FE ntEA ARE FHFAL
B A9l Aed TR AxAD AFPE w17 2o,

<E 1 =uie] 7HAtm A s A&

Al 5 A& A=
SHGS
DHGS
DBGS
SAGS
YSGGS
LJHGS
DCGS
CCWGS
CSPGS
OONGS
HCGS
MAGS
GBWGS
DHRGS
OMNGS

7HApv] A 8

Oz R—=—TITOTD@moOQwW>

T4 3L 93 wA 2= PCA(Plate count aganE kg B8 E 93 Wix2+& BCP
(0.006% bromocresol purple)?t MRS (deMan Rogosa Sharpe) A& At&3tdch &4 =4 W
He 4 A7tste]l A% o

jus)
==

>

Hj kg & mj A S 15% glycerol®] E= & -70C oA AAstHA Ao A&ttt W
HNAES AFFA mASAEHA wet SlA, Aauf=] Fo 24~48A13F i gt 5 A
s #FGT. a8 ARdA B HiFS dvld @I APIKit system
(Bio-Merieux)& ©]-8&st 43T

N dE
oox & U o XN o
il
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(2 24323

O A% AR 2se) WS 24 A
D A% b Ao Fa

9.00

=

2

.00
1
6.
%,

L]
4.00 "
200
)
1.
0,00
A B C D E F G H 1 1 k L M N 0

Samples

I 1 A% ) Ao SR

2

Total plate counts { Log cfu'g)

2

=4

ABHE AAEANE ARE $ASC] YR FAE AASET O A3 ABEE e
o] 2F5E Ago) wet 3.88~8.15 log CFU/ge] W& W91= Yehglon, B+ 7.32 log CFU/gS
eh gt

2 A FpAE o] R

90K

LA

T . l ;
(L]
5.6
4.0
3,00
LW
100
[LXL 1]
A B C |4 E F G H I J K L M N 4]

Samples

<IY 2. A AR s R

Lactic acid bacteria ( Loz cfu/g)

Al == 7R 2E ] Fakte] A9 Alse] meEf 3.83~7.99 log CFU/ge] W2 WS UEhA
a1, HF 7.26 log CFU/gS YERAAT
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3) A& ZhAtu Ao WA mAE

GE 2. A=

Tested pathogenic microorganisms’

)

Samples o EO sS SA LM VP
A =" ND* ND ND ND ND
B - ND ND ND ND ND
C - ND ND ND ND ND
D - ND ND ND ND ND
E - ND ND ND ND ND
F - ND ND ND ND ND
G - ND ND ND ND ND
H - ND ND ND ND ND
I - ND ND ND ND ND
] - ND ND ND ND ND
K - ND ND ND ND ND
L - ND ND ND ND ND
M - ND ND ND ND ND
N - ND ND ND ND ND
O - ND ND ND ND ND

*ND : not detected, (-) : negative

YCO: Coliform; EO: Escherichia coli O157:H7; SS: Salmonella spp.; SA: Staphylococcus aureus, LM:
Listeria monocytogenes, VP: Vibrio parahaemolyticus.

2 Zo A HEFHANANE Q== Escherichia coli O157:H7, Listeria monocytogenes, Salmonella
spp., Staphylococcus aureus= A FEE 28] RFoA HAEEHA &ttt =3 7EF iR I T

= AEHA U

4
S AL (FHt) At (-4)

{18 3. AT 7R AlE] 9] nAE FAF BAD>
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G 3. AT AT A o] PR >

AR B4
A, C Lactobacillus fermentum 2 (% 1D, 99.9)
E, G, J Leuconostoc mesenteroides ssp. cremoris (% 1D, 78.4)

F Leuconostoc mesenteroides ssp. mesenteroides/dextranicum 2 (% 1D, 98.6)

K, N Lactobacillus acidophillus 3 (% 1D, 99.7)
D Leuconostoc mesenteroides ssp. mesenteroides/dextranicum 2 (% 1D, 95.3)

H, O Bacillus spp. (% 1D, 90.0)
B Lactobacillus brevis (% 1D, 99.3)

FTAT I Fabdol A 23 #FE Ao E AvA ABEES AN AR U Ao E B

Q1 A A3 Badllus spp., Leuconastoc mesenteroides ssp.  mesenteroides/dextraricum 2, Leuconastoc
mesenterolaes ssp. aremoris, Lactobacillus acdophillus 3, Lactobacillus brevis, Lactobacillus fermentum 2 -5-2-
2 =3 =9k

(h) Al 7kabw] s o] olstetd #4 Ay
D Al 7pAeAsie] ay | pH, 9=

ATEE JpAuAe)e] o)stetd EAS B3 Az pH g pH 4.43~5.11¢] ME Jeh]
Rar, FF pH 4.83& UrEM% Row, Az A9 0.67~1.11%5 JERAIL, i 0.88%2] 4=
E Yehideh FESA T 49 0.910-0.9418 JEUen, FF 09269 FEIHNE e
eI, 9= E’.ﬂﬁ% 2.30~4.81%, B 3.60%2 9=E JEE AL el

CE 4 AT FHAE A Y ol B4 Az

Aw pH acidity (%) Salt content (%)
A 0.940 + 0.01 479 + 0.12 0.93 + 0.01 3.80 + 0.06
B 0.937 + 0.00 4.77 + 0.02 0.96 £+ 0.01 2.30 + 0.08
C 0.935 + 0.00 4.55 £ 0.02 1.11 £ 0.04 3.00 £ 0.06
D 0.937 + 0.00 4.70 + 0.02 0.95 + 0.00 2.70 + 0.06
E 0.941 + 0.00 5.00 £ 0.02 0.91 £ 0.02 3.40 + 0.13
F 0.920 + 0.00 4.43 + 0.01 1.30 £ 0.04 3.21 + 0.18
G 0.915 + 0.01 476 + 0.00 0.98 + 0.16 3.23 + 0.09
H 0.913 + 0.00 495 + 0.02 0.71 + 0.01 4.22 + 0.15
I 0.920 + 0.00 5.02 + 0.03 0.69 + 0.03 467 + 0.34
J 0.920 + 0.00 4.87 £ 0.01 0.77 £ 0.00 4.81 + 0.27
K 0.910 + 0.00 4.87 £ 0.02 0.75 + 0.01 4.18 + 0.10
L 0.926 + 0.00 4,99 + 0.01 0.67 £ 0.01 2.82 + 0.08
M 0.936 + 0.01 4.74 + 0.00 0.93 + 0.04 3.93 + 0.13
N 0.919 + 0.00 490 + 0.03 0.81 + 0.07 3.99 + 0.02
0 0.928 + 0.00 5.11 + 0.08 0.77 + 0.05 3.78 + 0.10
average 0.926 = 0.01 4.83 + 0.18 0.88 + 0.17 3.60 £ 0.71
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(th Fdse mAyEss &4 43

D Fd59 FHF

A8 Az Al AHEEE 948 O 2 BAg (3, o lnks, A%, 1327HE, 25 AD)E
NBEZ AFsI PYE HAAE AAEATE 1 2y FFaE Y989 7kl 49 6.55 log
CFU/gS JYeRSlth 8o Af gxintss A o0& Az Fd5s 79 4% 513
log CFU/g, A7) A% 3.79 log CFU/g, 1157}+¢] A<¢ 5

CFUlg, #tx°] 7% 6.22 log CFU/g B9E Yelidth txivts9] 45 IS4 EHEE LdelA
UE FPA FEFor FAlto] HAEHA ¥ AoE Alsdth =3l BEE AR (8 9 R
A Zito] AEEA] 3kth

AE UMDY R RS} pHE ST 23 79 A9 R EE 0.967, pH 742 pH 6.41=
UeRItE F{E (F, BRinks, A%, 137FF 29, 32 ABS 78t o]8kehz] AAE AR
A= oS gy o] A9 FRESAEE 0.979, pHE pH 7.07S Jehiilen, vis9] 49 0.9622)
TEEAE 5 pH 4835 UERIITE A7 27 bRe A RS R 32 A2 0.970, 0.7955
Epfler pH 3k pH 6.52, 481 ZH2F Yehiith 23] 29 dAE] =z vjs] +E24%
(z%5F 0964, 2k 0.841) = pH #+ (&% pH 7.06; k= pH 6.33)°] =4 Yehl= AL Selsiith

CE 5 AR 8 RUR nAB o5t B4 A

Viable cell counts (log CFU/g)

Samples aw pH
Total viable cells Lactic acid bacteria

72w 0.967 = 0.01 6.41 £+ 0.13 6.55 £+ 0.09 ND

E 0.979 £ 0.01 7.07 = 0.11 5.13 + 0.06 ND

= 0.962 = 0.00 4.83 = 0.05 ND ND

A7 0.970 £ 0.00 6.52 = 0.02 3.79 £ 0.03 ND
IZ7FE 0.795 £ 0.03  4.81 = 0.04 5.06 = 0.02 ND

ZW 0.964 = 0.00 7.06 £ 0.04 7.05 = 0.05 ND

= 0.841 £ 0.01 6.33 = 0.01 6.22 + 0.03 ND
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(@H AF 7rAE A s o] faEE B4
D Al 7EAbe] 2] 8] 9] biogenic amine $FHaF H-A

A== ZHAm A s AEE FASEY HPLCE &3l vtol Ay oivl s A% A=
67 2o I A S|=eWlY F FFL 216 mgkg Eleltwle W TR 17.9
mg/kg~ et L, g2 olulEe] Ha 3 10 mg/kg ©15d AL A
GE 6. AlEE = ZhAR A o] vlol oAl ofvl )
Biogenic amines (mg/kg)
Sikhae

Trp® Phe Put His Tyr Spd Spm

AP ND 1.83 = 0.08 555 = 0.32 253 £ 0.96 153 = 1.55 5.15 £ 0.44 ND
B ND 031 + 0.09 133 + 033 114 + 032 168 + 233 339 + 032 511 + 0.33
C ND 0.15 £ 0.03 140 £+ 0.23 268 = 0.65 325 £ 0.08 10.2 = 0.18 12.0 = 0.03
D ND 0.88 £ 0.23 6.32 £ 0.64 285 £ 0.56 152 £ 1.32 1.31 £ 0.03 3.62 £ 0.05
E ND 0.99 + 0.04 233 + 1.03 212 + 0.89 202 + 0.09 443 + 0.04 805 + 0.09
F ND¢ 014 = 0.20 1.30 £ 0.31 255 £ 054 146 £ 1.96 597 = 0.79 6.07 £ 0.85
G ND 0.38 + 0.08 510 + 033 229 + 092 167 + 1.55 299 + 1.07 4.43 + 1.60
H ND 117 = 0.14 9.28 + 0.26 228 = 0.14 238 = 532 7.70 £ 0.37 9.58 £ 4.93
| ND 091 + 012 125 + 274 237 + 0.83 14.0 + 3.63 544 + 139 484 + 6.84
J ND 1.85 + 1.02 113 + 6.73 119 + 832 136 + 533 523 + 200 161 + 0.91
K ND 129 + 1.01 115 + 101 294 + 124 124 + 643 460 + 253 137 + 241
L 020 + 029 189 + 022 225 + 089 14.1 + 044 11.7 + 731 6.35 + 0.18 6.69 + 1.96
M ND 074 £ 0.05 34.1 £ 198 20.1 £ 122 284 £+ 0.75 11.0 £ 0.32 7.80 £ 0.17
N 0.75 + 053 0.74 + 0.14 802 + 3.08 20.6 + 082 142 + 521 6.13 + 2.28 13.1 + 2.52
O 323 + 027 083 + 031 818 + 2.67 275 + 429 20.6 + 582 137 + 142 752 + 1.74

A"%rag 029 + 081 094 + 056 938 + 853 216 + 532 179 + 586 542 + 266 7.90 + 4.18

® Trp: tryptamine, Phe: g -phenylethylamine, Put: putrescine, His: histamine, Tyr: tyramine,
Spd spermidine, Spm: spermine

PA~O: Commercial Flatfish-Sikzae

CND Not detected (amine level is less than 0.1 mg/kg)

dMean + standard deviation
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(7D A AR Aele] B A
#5H7} P

AldeE = ZHAm A e 157) T 7S] Alsel diEl s AARE AASEA T s A sl
e T2, m2E, AZE gotel bl TAW 189 Wde TS 24 Wk 4= P A
AHQ Zzze 3 98 FE Pz Frist £44 Wt EozE o F /BT
sh AW, FEUE FASAT, v4d Pk FBo2E gl U JEw @ A%, ° ojen
S FERE FAAAH, AAY Brh FROZE Mol 7| BEE AR, B0, R, el
e AAHQA NEEE 1o MFEEE g {?\5—31 9ol 7MherE tids] £2 Aoz 4y
ERSar, Ao} Bho 7&}1 BT 1o 7hess 4A E7bs ob_ 9ell 7= A 7F
SR AeE Yehidn. 54 8 n43 A 7 HMW Y3 Z2 A HE o= Bt
S, olm Ak AviE Al ofs vl 27, FEUs FHUE ed® 23 E:
A e 2@ Ax2 Fostgth 1 Ao 19 4, 59 2k
Overall acceptance Taste of acidity
——A
—&B
C
—D
———E
Color acceptance Taste of moldy
Taste of green
<19 4. A 7P As)e) Btel tE #ERIb
Flavor acceptance
8
Overall aceeptance Flavor of acidity ——A
-=-B

—=D
——E

Color acceptance Flavor of moldy

<™ 5. Al ZhAtm A sl o] &kl o)

r
ry

SH7E

Bs A4 A3 2 gu el 50 AR AB F AR A B 7 w0 dehte
Ag FANAL, ol F ARl T olsteta BA W FHEALE B3 BEol $54E sy
Aalel B4e FAsUTh 1 A%e % 7. 3 2ok

- 162 -



AN
=]
\]
r S
o
b
>
ru{m

QAR AR A e M AEsE olsetE B4

acidity  Salt content Viable cell counts (log CFU/g)

Samples Ay pH

(%) (%) Total viable Lactic acid
cells bacteria

A 0.940 + 0.01 4.79 + 0.12 05’%1* 3.80 + 0.06 7.75 + 0.01  7.77 + 0.04
B 0.937 + 0.00 4.77 + 0.02 Og%f 230 + 0.08 7.42 + 0.06  7.34 + 0.11

C 0.935 + 0.00 4.55 + 0.02 1'01%)4i 300 + 0.06 7.66 + 0.0l  7.33 + 0.16

D 0.937 + 0.00 4.70 + 0.02 Og’%oi 270 + 0.06 7.60 £ 0.02  7.51 + 0.03

E 0.941 + 0.00 5.00 + 0.02 0-59%)2* 340 + 0.13  7.66 + 0.05  7.56 + 0.07
average 0938 + 0.00 4.76 + 0.01 0-5)%7* 3.04 + 052 762 + 0.11  7.50 + 0.16

L8717} 943 A8 - S+ 0940, pH 3t pH 4.79, A=+ 0.93%, 9=
3.80%2 UYET, FF5 94 Aages 2h2k 7.75, 7.77 log CFU/gS YER LT

o=

D>
A&
>y
o
it
o.>|:

w. 7AW A 3 starter R 24 @ H A3}
(D Starter R A8 2 A, 3838 54
b 259 FHstH, A 54

nAyE JAMS a5t ou] starter w52 morphologyE #wl7d  (Axioskop, ZEISS,
Germany)E ©]-&3te TSI TE Starter FHA AP SA4S HESL 4857 sl
catalase test, @ Zall¥, gas A9, pH, ¥ 5EE, e 25X AF A4S FH3A

=

(1P Catalase test
Catalase test:= #8]FE brotholl 24 A7t Bk vikst & vkl S # 3| slide glassol 1ml3
& Asis & 3% H202E WESAIA AF A8 AFE #BEsF o AFol FHEH 44,

YA god SHO PEIHS

(th 2 &3

FE 5 7|2 peptone HiA O HZFwE7} 1%7F HE== 3 (glucose, lactose, maltose,
faffinose, sucrose)g F7}stal A AFo 2 0.004% bromocresol purpleg AF&3}e] 30T oA 24
AZE i eF S wj Ao AMo] ®Wete Ao E YERUTE B wiAI7E =g A WetH A,
WHolA] goH SAHSE YERR I

r—lu:
olr

(2}h) Gas A4
Gas A4 #-2 MRS brothell durham tubeE YW1 EZFE Hjgste] 24h & gas A ARE

B2
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(mph) AEE=

Aestee zZhzbe] BygFE 30Co w24 AzE 39 *§”51*‘: A E*%
spectrophotometer (UV-1601, SHIMADZU)E o]&3ted =43ttt Fv
FE HF3 T 47 4T, 15T, 37C 1-7¥ 7+ v gste] S EAS J?ﬂr%’é‘}‘}iu‘r.

[‘&E
’;U
n
o
=
=3
=
2
Me
E

d

(2) 279 Fadd 43

b A& A=
12 Bel59] A4S A7) Ad E2FE MRS brothell 30T ol A 24412 vl & 4T
2 YA A 4ol 9% pHel H2027} &84 Aol mxe 9L wAsky] e 0.1 M
°] NaOHE o] &3] pHE 7.022 A3 o catalaseE 50 U/mle 247}0}04 1 A7 Zot
30C oA "EAIZ T "ESAIZL 5 5000 x g, 4ColA 1023 AAEd & F5HS F5H
SANZRE ol&3ld T2 AFEAZ F 50 mM sodium phosphate buffer® o]&3ke] 101y
EEAA ZAPYO R AT 2 AFHS 4T BAEHA AP AHEEPY HxTEE
MRS brothE &% F3td 22 WHOo=E AA st AESAT

B FE9 qaS3AHS FQldtr] Y8l agar diffusion test (ADDE 3ttt AddFE 1
SO =2 Listeria. monocytogenes (KCTC3710), Staphylococcus aureus (KCTC1916) < 13
J¥o=2 £ coli O157:H7 (KCTC1039), Salmonella enteritidis (KCTC12400), Vibrio
parahaemolyticus (KCTC2471)E ©]-&3t9th. 4 paper disc (Whatman, @ 8 mm)ol] AlE&E
80 nlE Asdtete] T FEHiA XA F AF@HF7F 22 v A ol S8Fa 35+£2C
o5 24 AIZt o]Wjoll paper disc FHol Aafgo] FHEHE AR FHBAH AFE AGESG
}.

jaicil

Q) 2T ddg 4

b &84 NE

8L PMAEY T8 SHJARE HFHIL o 88 ARE ZASH] et 8
F=5 7% sheep blood”} #7}¥ Blood Agar Base (Oxoid)ol|l HF 3 37ColA 24A|3F Hl F3sk
HA o, PR y &S IASAT. wlF & A E colony =Wl clear zoneo] #&EH&=
A -hemolysisg} slH, ol& ¢t &S vt E3, &Fo] ¢HstA| gko} colony
o] ZAol gd83o] Ayr]= AFE «-hemolysisgl $Hof. wWEHo| &duk-g-o] dojx
-+ 7y -hemolysisg} gt

o
Py

e

&2
rr
ol
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(P nto] A opwl

AEE Bl wpoleAldolyl gg7F AL 93l sample 3 goll 0.4 M perchloric acid
(Sigma, USA) 27 mL< ol & &% H F=5 AEE Ay &, 426,000 rpm,
4°C, 5 min) 3 AEAS 1 mL H3 T o] AENo] Na,CO; 300ul, 2 M NaOH 200 ul =
1% dansyl chloride 2 mL& F7}ste] & &3star, 40 ColA 4583 =435 A &
ammonium hydroxide 100 ul & 2] o&2] dansyl chlorideE #7413 ¥, acetonitrile 1.4 mL-E
A7Fskar, 94E2(3,000 rpm, 4°C, 5 min) 3+ F5 NS 0.22 um syringe filter2 o3 & 7]
71840 ALg3FA T E4]7]7]&= photodiode array’} #&® HPLC(Waters)Z o] &3} o1,
column Nova-Pak Cijgdum 3.9 x 150 mm(Waters, Ireland)E AF&3tR 3L, o]sdo= 0.1 M

ammonium acetate(Sigma, USA)¢} HPLCH acetonitrile(Merck, USA)E A}-&3} 4 T
(4 A343

b 7HAm Ae) ZeFo FEjstd, Aed 54
catalase testollA= EEF 20057 EF SAoIRoH, IFFA
micro-morphology+ 7+ £ @7+

ol & Eals % gas S HEIIINS ®
5C, 37CY 2% WA AS 7led A= &l HI

E 8. 247 WY F RelFe] el - 3sta 54

Strai - Acid formation from Gas from
rams Glucose Lactose Maltose Raffinose Sucrose glucose
1 + + + + + +
2 + + + + + +
3 + + + + + +
4 + + + + + +
5 + + + + + +
6 + + + + + +
7 + + + + + +
8 + + + + + +
9 + + + + + +
10 + + + + + +
11 + + + + + +
12 + + + + + +
13 + + + + + +
14 + + + + + +
15 + + + + + +
16 + + + + + +
17 + + + + + +
18 + + + + + +
19 + + + + + +
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<E 9. EglF9 AS4E 2 pHYAE S

0.D(18h) pH(18h) 0.D(24h) pH(24h)
Control 0.177 6.14 0.176 6.15
1 1.548 4.72 1.597 4.54
2 0.225 5.99 0.406 5.23
3 1.162 5.09 1.694 4.52
4 0.287 5.91 0.284 5.92
5 1.538 4.77 1.474 4.6
6 0.214 6.02 0.242 5.45
7 0.865 5.20 1.599 4.53
8 1.308 5.00 1.735 4.49
9 0.278 5.96 0.277 5.93
10 1.465 4.86 1.63 4.57
11 0.897 9.23 1.468 4.61
12 0.221 6.01 0.478 4.92
13 0.271 5.96 0.275 5.97
14 0.253 6.00 0.253 5.99
15 1.651 4.66 1.612 4.57
16 0.217 6.03 0.221 6
17 0.248 9.99 0.246 6.03
18 0.312 5.95 0.307 5.96
19 0.245 6.04 0.235 6.05

(W) 7HAe s 2252 A, shshz 8l A

Catalase testoll A=

micro-morphology+ #-¢ E=& @t o 2 UERTh
Bils 2 gas RS AESYe O AdE ¥ 1
A5 7hes ZAe=E g9l Hlow O A= £ 11 7

285 3005

j =
25
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<& 10. 2473t Wi F & 7HAv el 2eFo] A - gtehd 545

Strai - Acid formation from Gas from
rams Glucose Lactose Maltose Raffinose Sucrose glucose
33-1 + + + + + +
33-2 + + + + + +
33-3 + + + + + +
33-4 + + + + + +
33-5 + + + + + +
33-6 + + + + + +
33-7 + + + + + +
33-8 + + + + + +
33-9 + + + + + +

33-10 + + + + + +

33-11 + + + + + +

33-12 + + + + + +

33-13 + + + + + +

33-14 + + + + + +

33-15 + + + + + +

33-16 + + + + + +

33-17 + + + + + +

33-18 + + + + + +

33-19 + + + + + +

33-20 + + + + + +

33-21 + + + + + +

33-22 + + + + + +

33-23 + + + + + +

33-24 + + + + + +

33-25 + + + + + +

33-26 + + + + + +

33-27 + + + + + +

33-28 + + + + + +

33-29 + + + + + +

33-30 + + + + + +

33-31 + + + + + +

33-32 + + + + + +

33-33 + + + + + +
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GE 1L PR A3 BelFe A%EE R pHYA S
Strains 15T 37C

0.D pH 0.D pH
33-1 2.013 4.31 2.150 4.15
33-2 1.031 5.01 1.597 4.46
33-3 1.272 5.11 1.421 4.59
33-4 0.310 6.04 1.498 4.64
33-5 0.257 6.02 1.589 4.68
33-6 0.281 5.99 1.547 4.60
33-7 0.236 6.04 1.559 4.63
33-8 0.245 5.98 1.553 4.63
33-9 1.079 5.21 1.513 4.64
33-10 0.935 5.26 1.726 4.39
33-11 1.833 4.49 2.047 4.28
33-12 0.825 5.31 1.755 441
33-13 0.924 5.29 1.696 4.43
33-14 1.079 5.21 1.606 4.46
33-15 1.272 5.02 1.686 4.52
33-16 1.312 4.96 1.670 4.42
33-17 1.165 5.09 1.531 4.47
33-18 1.258 5.02 1.954 4.29
33-19 1.167 5.09 1.713 4.35
33-20 1.233 5.11 1.806 4.35
33-21 1.371 4.89 1.579 4.46
33-22 1.025 5.21 1.574 4.43
33-23 1.988 4.40 2.051 4.21
33-24 0.253 6.05 1.676 4.36
33-25 0.220 6.03 1.691 4.35
33-26 0.266 5.98 1.715 4.36
33-27 0.195 6.10 1.699 4.42
33-28 0.195 6.08 1.595 4.50
33-29 0.200 6.07 1.623 4.42
33-30 0.982 5.29 1.676 4.36
33-31 1.015 5.25 1.759 4.44
33-32 0.212 6.11 1.546 4.49
33-33 0.208 6.28 1.351 4.81
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Ol T Us 2% HHdA dE 750l vls] Fude= =2 OD#Y w2 pH #t< 7%
T TS AEd &, NaCl 2%, 3%, 4%)< 3 71s MRS brothell FE3sted 48A1F vl &
OD# ¥ pHE A3t dFE59 WEAdS &9 33 1 Ax= % 12, 13 3 25

<E 12, 7HAWAE) e 3o 952 A%EE 9 pHAAS BTN
37C

Strains 2% NaCl 3% NaCl 4% NaCl Control

0.D pH 0.D pH 0.D pH 0.D pH
33-1 2.113 4.18 2.013 4.35 1.991 4.41 2.150 4.15
33-2 1.333 5.31 1.313 5.39 1.211 5.45 1.597 4.46
33-3 1.351 5.15 1.224 5.45 1.013 5.68 1.421 4.59
33-4 1.501 4.78 1.133 5.53 1.051 5.61 1.498 4.64
33-5 1.499 4.88 1.373 5.11 1.231 5.32 1.589 4.68
33-6 1.473 491 1.429 4.97 1.366 5.08 1.547 4.60
33-7 1.553 4.64 1.233 5.32 1.009 5.71 1.559 4.63
33-8 1.387 5.35 1.222 5.41 1.010 5.79 1.553 4.63
33-9 1.498 4.75 1.371 4.83 1.127 5.48 1.513 4.64
33-10 1.661 4.41 1.558 4.55 1.319 4.71 1.726 4.39
33-11 1.979 4.43 1.918 4.45 1.901 451 2.047 4.28
33-12 1.713 4.48 1.652 4.53 1.238 4.93 1.755 4.41
33-13 1.558 4.51 1.481 4.59 1.301 4.62 1.696 4.43
33-14 1.313 4.65 1.259 4.73 1.112 4.78 1.606 4.46
33-15 1.371 4.61 1.223 4.79 1.035 4.88 1.686 4.52
33-16 1.199 4.73 1.108 4.81 0.961 4.94 1.670 4.42
33-17 1.451 4.54 1.333 4.66 1.117 4.77 1.531 4.47
33-18 1.911 4.48 1.905 4.50 1.883 4.58 1.954 4.29
33-19 1.666 4.44 1.558 4.51 1.317 4.65 1.713 4.35
33-20 1.757 4.40 1.611 4.55 1.444 4.61 1.806 4.35
33-21 1.501 453 1.413 4.63 1.308 4.70 1.579 4.46
33-22 1.437 4.57 1.222 4.78 1.116 4.89 1.574 4.43
33-23 1.997 4.43 1.988 4.47 1.893 4.53 2.051 4.21
33-24 1.551 4.42 1.447 453 1.233 4.67 1.676 4.36
33-25 1.613 4.38 1.523 4.49 1.418 4.55 1.691 4.35
33-26 1.559 4.48 1.458 4.59 1.332 4.71 1.715 4.36
33-27 1.317 4.53 1.213 4.64 1.105 4.89 1.699 4.42
33-28 1.525 458 1.315 4.77 1.031 5.01 1.595 4.50
33-29 1.603 4.53 1.491 4.88 1.133 4.78 1.623 4.42
33-30 1.677 4.35 1.573 4.51 1.151 4.77 1.676 4.36
33-31 1.531 4.59 1.401 4.66 1.100 4.89 1.759 4.44
33-32 1.418 461 1.328 5.11 1.213 5.18 1.546 4.49
33-33 1.117 5.03 1.013 5.41 0.981 5.61 1.351 4.81
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<E 13, 7bAm e 2850 9= &4 9 pHAA S (15C)
15C

Strains 2% NaCl 3% NaCl 4% NaCl Control

0.D pH 0.D pH O.D pH 0.D pH
33-1 2.010 4.32 2.006 4.35 1.925 441 2.013 4.31
33-2 1.131 5.01 1.031 5.18 0.981 5.28 1.031 5.01
33-3 1.117 5.18 1.027 5.25 0.915 5.33 1.272 5.11
33-4 0.315 6.03 0.305 6.08 0.299 6.05 0.310 6.04
33-5 0.265 6.05 0.263 6.05 0.258 6.08 0.257 6.02
33-6 0.241 6.00 0.238 6.01 0.222 6.09 0.281 5.99
33-7 0.244 6.03 0.233 6.05 0.218 6.05 0.236 6.04
33-8 0.251 6.01 0.245 6.05 0.233 6.05 0.245 5.98
33-9 1.053 5.38 1.007 5.49 0.815 5.61 1.079 5.21
33-10 1.010 5.44 0.974 5.55 0.788 5.69 0.935 5.26
33-11 1.799 4.51 1.657 4.63 1.559 4.69 1.833 4.49
33-12 0.826 5.32 0.755 5.39 0.633 5.44 0.825 5.31
33-13 0.888 541 0.777 5.49 0.633 5.53 0.924 5.29
33-14 0.934 5.44 0.824 5.54 0.733 5.61 1.079 5.21
33-15 1.123 5.31 0.983 5.45 0.818 5.51 1.272 5.02
33-16 1.235 5.08 1.115 5.11 1.003 5.19 1.312 4.96
33-17 1.155 5.03 1.038 5.15 0.955 5.23 1.165 5.09
33-18 1.155 5.18 1.135 5.22 1.118 5.25 1.258 5.02
33-19 1.003 5.25 0.878 5.35 0.711 5.41 1.167 5.09
33-20 1.111 5.29 0.935 5.39 0.813 5.45 1.233 5.11
33-21 1.237 4.99 1.113 5.06 1.031 5.21 1.371 4.89
33-22 0.988 5.35 0.855 5.44 0.717 5.57 1.025 5.21
33-23 1.818 4.57 1.799 4.63 1.701 4.70 1.988 4.40
33-24 0.256 6.03 0.256 6.04 0.256 6.03 0.253 6.05
33-25 0.223 6.08 0.223 6.05 0.223 6.08 0.220 6.03
33-26 0.275 6.00 0.275 6.00 0.275 6.01 0.266 5.98
33-27 0.205 6.11 0.205 6.12 0.205 6.13 0.195 6.10
33-28 0.203 6.15 0.203 6.15 0.203 6.15 0.195 6.08
33-29 0.200 6.11 0.200 6.11 0.200 6.11 0.200 6.07
33-30 0.963 5.35 0.823 5.44 0.725 5.51 0.982 5.29
33-31 1.003 5.28 0.999 5.33 0.831 5.41 1.015 5.25
33-32 0.215 6.13 0.215 6.13 0.215 6.13 0.212 6.11
33-33 0.218 6.30 0.218 6.30 0.218 6.30 0.208 6.28
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——LAR
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GE 14 9% 2%, 3%, 4%)° & +59 +5 2 pH 7>

15C
Strains 2% NaCl 3% NaCl 4% NaCl Control
pH LAB1) pH LAB pH LAB pH LAB
331 431 + 8.35 + 4.33 + 8.19 + 464 + 805 + 448 + 8.37 +
0.022) 0.03 0.00 0.05 0.03 0.09 0.02 0.05
13-11 4.78 + 8.03 + 4.40 + 8.01 + 512 + 713 =+ 488 £+ 829 =+
0.02 0.05 0.00 0.05 0.06 0.01 0.03 0.04
13-18 4.83 + 7.81 + 4.75 + 7.55 + 523 = 711 = 480 £ 821 =+
0.03 0.01 0.01 0.03 0.06 0.03 0.05 0.02
33-93 4.42 + 8.21 + 4.39 + 8.18 + 549 =+ 683 = 452 £ 835 £
0.19 0.03 0.00 0.01 0.13 0.07 0.00 0.01

VLAB : Lactic acid bacteria; unit : log CFU/ml
YMean +standard deviation
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() 7HAm A& 2T JFa+84
O 7w AE] EeFe BHdA el 3 e

Ml H A 33F9 FHSAANEY 3 A E coll O167T:H7Z Salmonella enteritidis 2
Staphylococcus aureus| Al 733 &S Uil #5755 U4T + AATh

o

(E 15. 7FAu) Al el 84D
(inhibition zone diameter (mm))

Test microorganisms

Strains

EOY SS LM SA VP
33-1 23.00 = 0.00 ND? ND 27.67 + 0.94 ND
33-2 ND ND ND ND ND
33-3 ND ND ND ND ND
33-4 ND ND ND ND ND
33-5 14.00 + 0.01 ND ND ND ND
33-6 18.00 £+ 0.01 ND ND ND ND
33-7 20.00 + 0.01 ND ND ND ND
33-8 ND ND ND ND ND
33-9 ND ND ND ND ND
33-10 ND ND ND ND ND
33-11 ND 25.00 + 0.00 ND ND ND
33-12 ND ND ND ND ND
33-13 ND ND ND ND ND
33-14 ND ND ND ND ND
33-15 ND ND ND ND ND
33-16 ND ND ND ND ND
33-17 ND ND ND ND ND
33-18 ND ND ND ND ND
33-19 ND ND ND ND ND
33-20 ND ND ND ND ND
33-21 ND ND ND ND ND
33-22 ND ND ND ND ND
33-23 14.67 £+ 0.47 23.00 + 0.03 ND 17.00 + 0.00 ND
33-24 ND ND ND ND ND
33-25 ND ND ND ND ND
33-26 ND ND ND ND ND
33-27 ND 11.00 + 0.01 ND ND ND
33-28 ND ND ND ND ND
33-29 ND ND ND ND ND
33-30 ND 24.00 + 0.03 ND ND ND
33-31 ND ND ND ND ND
33-32 ND ND ND ND ND
33-33 ND ND ND ND ND

VEO: Escherichia coli O15T:H7, SS: Salmonella enteritids; LM: Listeria monocytogenes, SA:
Staphylococcus aureus, VP: Vibrio parahaemolyticus.
“ND: no-inhibition
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33-18 #F9 E. coli O157:H7] tjst a4

<9 10. 7kAm A 22l D

F7¢ 4%, pH Asks, Ha4 48 B9 F 300 7o 24FE F 4FE S5 28 F
wgom Adsar. oS FrRd AP AWD A3 54 PU4 A el FHL
dehils 2 sttt

(3) 7FAE| Al BaFe] oA A
b ZhAvl s el el iy A

Ad TR A oAl gk Z4betol] oig bHAS &<lstr] 98] hemolysis testeb
biogenic amines (BAs) H&A@-& AAStATH Hemolysis testellX= HAE 4F9 +F RF
y-8384 (Non hemolytic)& YEFNATH (data not shown). BAs HEAF s Axes &

16. ¥ 2ot

< 16. 7P A s) 2R e A

Biogenic amines (mg/kg)

Starter candidates

Histamine
33-1 28.28 + 7.79%
33-11 16.97 £ 1.25
33-18 23.14 + 7.11
33-23 24.65 + 5.14

¥Mean=+standard deviation
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ANFEE ZhAbE Aol A Ee 3k Alabd 455 e H}Oloﬂl” obl Adse AT A3
3| 2~EFFl FHeko] A9 33-1 #rol o3l 28.28 mg/kg HEEHAUL, UMA TRFOZHE ] 3
éE}J fﬂ%he— Zkzk 16.97, 23.14, 24.65 mglkg A=H+= AS g o 7E ofvlY A5

ol

mg/kg ©]3}el Aoz A=A} (data not shown).

479 5 2EFE TR (33-1, 33-11, 33-18, 33-23)9] shAbv] 28
o Auste], stAm e A zHA ALste i osity DAL AE

. AEE AR A FRF AL (n sit)

1) 7HAA A8 A=

o] FactelA g TtARE FAE GHE FYste AMgEdt FAIEE 1T,
s, A%, A", 4 7, &5 *P% st AzYEE tad Ao 7R = wE, A=
gulel WS AASIL 4-55HC 2 At Zin FAS 20% BIE] AFoE AA (2
0C, 24 AZHE FxE=2 33 AHsIa, 20CAA &5 & 2 A8E X 17. 9 v &= &
AstATh 2EE EE 2EHE FRAOE AMET 4t A sAAXRE T3 39 FE
2 ZAst Am EFTA A AA FAL 1%E HUbstAoh Az S58 JHAm| A& =
T 2EE SR JUbY WM OE Uo] HEhayg dHH&T]e A4 32§ 15T
cool incubatoroll A 10¥ 7t W& H AL, o] 3o <AL 4T oA R3St

< 17, 74 A Az vlE>

Materials Weight ratio (%)
Flat fish (20% salted) 73
Red pepper powder
Ginger
MSG
Sugar
glutinous Millet
Garlic
Salted Radish (1% salt)

O W s W~ —
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BREEE
Ob MAESE 24 A3
D % starter FHEL 2§37 shAv sl F@s W)

33-1 #75 HE&3 AP A5, Farizt s F Ao 2aE AL ERH 10Y7HA
5.22 log CFU/go.23E] 853 log CFU/go.2 Z7l8t, o1%F %A 129704 A wart ¢l
At 33-23 #FE AL JpARAE e A9 dE WALERE 1097+ 5.35 log CFU/gel
A 7.25 log CFU/go.2 T<7} ZF7Fekth ol & 12830 oF 7.40 log CFU/gS YER Lo,
33-11 #5¢ 33-18 #52 HAE3 stAuAse & F5E E MAYRE HE 10930
7y7} 4.42-752 log CFU/g, 4.56-7.23 log CFU/ge YERROH, o]F %4 12936 <F 7.60
log CFU/go. 2 eyttt

10.00
=
=
&
~ —+— Control
E 331
=
= —r=33-11
g ——33-18
2
£ == 33-23
= 2

1L.00

0.00 -

0 1 3 5 8 10 11 14 17 20 23

Fermentation time (days)

<ad 11 ¢ 2EEH SEFS 281 7HAm e Tar|t St S WD

- 177 -



)
ANFS wmS Zzte) AYTAM F B Wk 44 PP JehlEd, 331 2FF
A

Aee AT A ¢E MAIGFEE EE 109744 5.19 log CFU/g 2R¥ 8.49 log CFU/g
o2 FI7MSARIAL o] F A 124 Foll A9 WU fITh 33-11 #FE HE&3 AP A¢
g PAYRE 2E 10¥€ 5o 4.36 log CFU/gollA 7.00 log CFU/ge.2 F718taL, o] % &

A 1299 7.16 log CFU/ge UEMNQLE, 33-18%} 33-237F2 283 A7 74% 2a )
ANLBE WwE 109 Fo| zHzt 4.57~7.02 log CFUJg, 5.22~7.13 log CFU/gS UERHYT ©]%
%2 1290 zHzt 7.40, 7.34 log CFU/ge FER} ST

ZAAds ]71 7}Am 28 (ControD)e] & Hale= 2g 7fAYe] 3.90 log CFU/gS YE}

Y g 10¥<) 6.33 log CFU/g< ‘%E}lﬂ‘ﬂ Zakgt o] Wslel fARE S BHAFAL

H, 2t A@TolA e T gt ALt Wl B3 FY3 S UEle o2 Hot vt
Al

AvAafe] F e R Aide os) AuEE AR Az

10.00
9.00
B.00
7.00
6.00 —t=—antrol

5.00 —om33.1

4.00 —33.11

3.00 ——33.18

2.00 —0=33.23

1.00

0.00

Yiable cell counts( Log CFLU/o)

5 8 10 11 14 17 20 23

=
-
L7Y]

Fermentation time (days)

<I¥ 12. $-F 2B FEAS 283 7HAude) o] dar|t st sikds Wb

2N
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(h) olslstd £4 Az
1 pH W3}

7.0

e 1 O

o 33 -

3311
4.0 —rr=33-18
——33-23

L] 1 3 5 8 10 11 14 17 20 23

Fermentation time (days)

19 13 9% 2BEH FRES AT A A e BEI 5 pH bk

0.90
0.80
0.70
0.60
0.50

0.40
—— Control

——33-1

0.30

Acidity( Lactic acid %)

=—m=33-11
0.20

3318

0.10 == 33.23

0 1 3 5 § 10 1 14 17 20 23

Fermentation time (days)

(19 WU $5 2EE FRIFS AL AN e] BET B 4= W

£ 23 /A sie] pHRS BE AALPE 109704 pH 6.6914 pH 472 2

12 FASYT o F &4 129744 pH Fol o 4602 FAHE AL FUASATH
T 2E VAL EH TE 1095l 0.28%0A4 0.70%7tA S7tste e EAstAa
12L47bA] °oF 0.7%2] A= FAlskE As gdsddnh. 33-11, 33-18, 33-23 #+F&
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&3 Aol 49 pH @ & 109 Z+zF pH 5.6, pH 5.5 pH 5.1& YeERI o] F
129 % 27 pH 5.3, pH 5.1, pH 5.0& Yelgidlen, 4= 7 AdFdA 4 12¢49
0.53, 0.65, 0.65%= e ATH

3

-

rr

S5 2BHE FRES A4 spAn ek vaste AADEAZ AAAEAE o] A
g 179 oF 0.7%EA AETFH 8wt % AReE 3H& YERNSl oY, pH #ke] H 9 pH 5.0

ool EYEA Rake AL B

jud

mO,L
4
;g
;1

o] AP 27 FRE AET AL BE L 4L B¢ 2 W) flol o
%% UEiQE, FEBYE =S of 0959 FRIHE @S FAsE Aow vehgt

(data not shown).
(th) §-< starter SR FS 283 70| A5 A AHAA
D Az 7HAv A o] WA v E

ZhAm A s Az Al AREEE A dES A dHe A FAFo] 7] wimel o 3 /ol
EAT £ Ade BAXRWAYE (Coliform, Escherichia coli O157:H7, Staphylococcus aureus,
Listeria monocytogenes, Vibrio parahaemolyticus)©] 7% 2 7FsAdo] Atk ol &2lslr] ¢
3 7hAm Alal Y] s W FARe waE P SA7|IE FQF A Aol A Y HAAAr =S
g A3 ZF ~EE SRS 7543& AT AAEaAT hz2dolA 5 HAESHA &

gl
= AL A3 1 A3+ #% 18, 19. 9
<E 18 7FAm| e s 9 Rdse Al vAE HE A
Materials cov EO SS SA LM VP
Flat fish « *
Salted fish
Galric - ND ND ND ND ND
Ginger - ND ND ND ND ND
Radish - ND ND ND ND ND

*ND : not detected, (-) : negative
1) CO: Coliform; EO: Escherichia coli O157:H7; SS: Salmonella spp.; SA: Staphylococcus aureus,
LM: Listeria monocytogenes, VP: Vibrio parahaemolyticus
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<E 19. A= 7HAv Ao BE 7|3 s WA nAAE HE: A9
Fermentation
days
0 1 3 5 8 11 14 17 20 23
Test
microorganisms
coY = - - - - - - - - -
EO ND* ND ND ND ND ND ND ND ND ND
SS ND ND ND ND ND ND ND ND ND ND
SA ND ND ND ND ND ND ND ND ND ND
LM ND ND ND ND ND ND ND ND ND ND
VP ND ND ND ND ND ND ND ND ND ND

*ND : not detected, (-) : negative
1 CO: Coliform; EO: Escherichia coli O157:H7; SS: Salmonella spp.; SA: Staphylococcus aureus,
LM: Listeria monocytogenes, VP: Vibrio parahaemolyticus

2) Az 74 2 o] 3] 2~Ebl (histamine) ¥

3B-1 258 Agate] Azy 4PF) A WE 9 $4717 5 814 mghkgel 3 2EHHol
AEH. 33-11, 33-18, 33-23 #FE A8 AFTolAE 27 9.25, 113, 10.7 mglkge]
3| 2ElHlo] HAEHE AL &9 39t 1 A= ® 20, 3 2o

(E 20, 4 2Bl TRALS A3 7An|AlE]e] wrE sz T 8 2k A A D

_ ) ) Biogenic aimes (mg/kg)
94 AENE] SuRE AE Thto| Al

Histamine
33-1 8.14 + 4.65Y
33-11 9.25 £ 4.33
33-18 11.3 + 3.12
33-23 10.7 £ 4.15
Control 14.3 £ 8.45

YMean +standard deviation
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(@) 3 starter FRFE AT Ao T4

D Azd 7w Ae e BsaAr 25

sEE FRFS gt Ax VAN pH 2 A% 23 Av 7 AFEA pHR

3} Ak —:M 6AFRE 2 Wg glol FAHC] S4o] FRHE S4 12UFo] WSAAE

AN, B % #4 1mE 98 AQBEA A4S HEFOEA G AAFHG
arel

o 1 A= % 21 3 %

<& 21 %5 2=8H FRIES H8T 7HAm Ao dsdA A3
Control 33-1 33-11 33-18 33-23

Flavor
6.06 £ 1.81 7.06 £ 091 506 £ 1.78 494 £ 230 511 £ 1.70
acceptance
Flavor of
. 456 + 257 4.67 £ 258 550 + 232 556 £ 2.79 4.00 + 2.56
acidity
Flavor of moldy 3.28 + 235 283 = 186 4.06 £ 248 383 =+ 291 411 £+ 251
Tast:
o 583 + 195 644 +£ 174 461 + 219 489 + 213 456 + 2.14
acceptance
Taste of acidity 4.17 £ 257 6.00 £ 233 528 £ 245 539 £ 238 433 £ 2.75
Taste of moldy 3.56 = 2.63 272 = 1.37 500 = 2.65 3.83 = 269 444 = 273
Taste of green 3.17 = 1.92 211 = 124 339 £ 200 333 £ 208 3.72 £ 2.30
Color
494 + 184 683 = 117 572 £ 182 594 = 154 6.00 = 1.91
acceptance
Overall
6.06 £ 1.87 733 £ 094 433 £ 197 511 £ 223 494 £+ 2.04
acceptance
FEAQ WHToA 33-1 FFE AEF HANAEIL O HPT D dzTol v B
UebTh =@ A Aele] F6 3 $e@ Al AdRaA 7}x}uu—sn91 75 B7HA
4.1& YeRJ A 33-11, 33-18, 33-23 +FE& A&3 MR A&l A 72 %‘7}‘] 5.3, 54,
4.3 JEtdt. 28y, 33-1 55 A8 AlRoAE HIHA 60v— UEH L, 95 8=
A% the AFE 2 dzTol ve 33-1 255 A& ART T %é e
ooyt AREAR] VERAE A YEEH. B3 AL S/ vidde] i ZA A=

b AALEAZ FFAE Aol s Grehes @7h7h A o] k.
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5. WENA S starter FRFO] g4 2L HH3

7h Al e e Y] duet FAdge WAYESH, 0|53y EA AE
D A= 2 L

A HE el o] FHEE B Fa A mAE 28 9 A% WA

HolFew P I AN AR

< 24 = B A&

AT A&
A
B
C

78 Bl 2] 3 D
E
F

A: FNAFE B £2U4; C $x29F; D AFeotvte]; E: £244; F s AZ2

EFd4 Z2AHE 93 WA EE PCA (Plate count aganE 24t EdE 93 wjA 2= BCP
(0.006% bromocresol purple)s Z7}ek MRS (DifcoTM) WA & A&3A . &<
FTA vAEAEH wet AR 25 goll " A 225 ml HUbste] 34
Twsle] 35+2C, 73 _2.1_7401]A1 24 7F HlOFE T AAE zere @I
MRSH}A| ol A = &hA & ﬂ ol et A Y ARE ATt =T HES

% wjFd e 15% glycerole] F=Z -70TC ANA A AsHA
Ao ARSI %%*&“ﬂ"@%% AFTA HAEAEH U?}EP oA, AguA Foll

&
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(2 24323

R EEE DRIEEL S

D Al Wgejdsle] S

Fa o faj]

Total Plate counts [Log CFU/g)

]

A B e D E F
samples

<™ 20. A& e e S

TAT A HH A Y FaTE SAHTT A 4.56~7.00 log CFU/gS WEtglew, H+t 6.31
log CFU/g& YERAH.

2) Al HEjA s o) At

=

Lacticacid bacteria (Log CFUfg)
ra iy

A B C ] E F
Samples

<™ 21 A3 BEje] Ak

TA A Ao AitrE 8% A 4.41-6.62 log CFU/gS YeErA oM, B

- 184 -



AN T
o2 Hol gy FuFel AMHOR YFF o2 Asdh =
Fe AR Y, ol 2zhe Swe gire] WA ek BA Hol(5

2 z)ol we o Avw Ard

3D Al HeEAse] HAAE FAdE
ANaEE Hedsl 25 B9 wAE (Coliform, Escherichia coli O157:H7, Staphylococcus
aureus, Listeria monocytogenes, Vibrio parahaemolyticus) A% N&AES AAEIFoY E AR
oA WAAG HAEe] AEHA ¥ AS FASEATH

<& 25 A& WHEids]e HdA md=E A=

Tested pathogenic microorganisms'

Samples

EO SS SA LM VP
A ND’ ND ND ND ND
B ND ND ND ND ND
C ND ND ND ND ND
D ND ND ND ND ND
E ND ND ND ND ND
F ND ND ND ND ND

*ND : not detected, (-) : negative

D EO: Escherichia coli O157:HT7; SS: Salmonella spp.; SA: Staphylococcus aureus, LM: Listeria
monocytogenes, VP: Vibrio parahaemolyticus

H A BN Fa 3 NYE 5
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<E 26 A HEjAsfe] v

AR

F Lactobacillus fermentum 2 (% 1D, 99.9)

A Lactococcus lactis spp. lactis 1 (% 1D, 95.6)

C Leuconastoc mesenteroides ssp. mesenteroides/dextranicum 2 (% 1D, 98.6)

B Leuconastoc mesenteroides ssp. aremoaris (% 1D, 78.4)

D Leticonostoc mesenteroidges ssp. mesenteroides/dextranicum 2 (% 1D, 95.3)
A, C Bacillus spp. (% 1D, 90.0)

E Lactobacillus brevis (% 1D, 99.0)

FAF AN BT FFE PHOE WP DAL AT A3} s FROE BE
N3 A& A3} Badllus spp., Leuconostoc mesenteroides Ssp. mesenteroides/dextranicum 2, Leuconostoc
mesenteroides ssp. aremoris, Lactococcus lactis spp. lactis 1, Lactobadillus brevis/fermentum 2 522 574 =
Ak

b Al Hej Ao olsters B 2
D Al e a,, 9%, pH &4

Products aw pH acidity (%) Salt content (%)
A 0.923 + 0.01 431 + 0.01 0.40 + 0.01 3.43 + 0.01
B 0.920 = 0.00 4,51 + 0.00 0.37 + 0.00 3.45 + 0.03
C 0.925 + 0.00 4.40 + 0.01 0.35 + 0.01 3.21 £ 0.00
D 0.910 + 0.00 4,94 + 0.01 0.21 + 0.00 3.51 + 0.01
E 0.917 + 0.01 4.90 + 0.01 0.24 + 0.01 3.33 + 0.03
F 0.928 + 0.00 4,98 + 0.03 0.23 + 0.01 3.18 + 0.02

average 0.921 + 0.01 4.67 + 0.01 0.30 = 0.01 3.35 £ 0.02

ARSE JAAR BT $4E 24T A o G pH AIABY WA Yehag

a1, {+ pH 4.67& et or, 4t=9 A9 0.21-0.40%E YEFNR AL, HF 0.30%2 A=E
EISIE, SERAEE A5 00100928 e, B7 095218 SEBAE g8 1
BT, 9% WelE 318-351%, W 335%9) =B YHUE AL FAstar
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() A% FeAae] faed 24

1 Al Wej2l] el biogenic amine 33 2

<E 28, AREE FEASe) o] oA obm >

Biogenic amines (mg/kg)

Sikhae
Trp? Phe Put His Tyr Spd Spm
AP ND¢ ND 756 £ 032 151 £ 0.76 225 £ 1.55 ND 118 £ 0.33
B ND ND 431 £ 033 133 £ 0.22 247 = 0.13 ND 048 £ 0.13
C ND ND ND 215 £ 0.05 233 = 0.08 ND 190 £ 0.19
D ND 058 = 0.13 ND 209 = 0.66 21.3 = 1.32 ND  11.03 += 0.07
E ND 233 £ 005 531 £ 1.03 253 £ 0.79 279 £+ 0.09 ND 555 £ 0.09
F ND 1.00 = 0.10 3.71 = 031 28,6 + 0.56 235 = 1.96 ND  7.15 £ 0.55

® Trp: tryptamine, Phe: A -phenylethylamine, Put: putrescine, His: histamine, Tyr: tyramine,
Spd spermidine, Spm: spermine

PA~F: Commercial Alaska pollack-Sikhae

‘ND: Not detected (amine level is less than 0.1 mg/kg)

Mean =+ standard deviation.

AT AN ALE FAHN HPLCE Bol ol2AY o B 24T Asfe
25. St gtk 1 A szEue] @R FFS 2078 mgkg Ehol
mgkg® ISR, ThE ofUEel BE FHE 10 mekg o1kl AE AU

:g
E
o
£V
i
ot
rlo
[\
w
(o]
3

() Al e 2so] A At

Taste of acidity
8

Overdll “ . Taste of green A
acceptance
== B
—— .
e )
e E
Color acceptance N '."5 ‘Taste of moldy ——F
Taste acceptance
<® 23 A& HejAs o] gt ot #sH7F A3
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Flavor of acidity

o
Cverall -85

acceptance
| ——

Color acceptance

AR Wede) 650 H5Wsh A AF B AN g Fol S5 A4E ws

ot
. BEj A3l starter FE T ©A B HZH3
(D) Starter $R+# Ad 9 A, 884 54

b 59 FHsts, Az A

s GNHES FE)ste] oY) starter ¥F2] morphologyE w7 (Axioskop, ZEISS,
Germany)E ©l&3sto] #ZsGt. Starter FxRe] Aelx 54& HEsta 43k sl
catalase test, & &3l8, gas AAE, pH, AHFEE, I 2=/ AF EHS FY31Y

=

(1)) Catalase test

Catalase test= &&|FE brothel] 24 Azt
=5 F33 & 3% H2025 WHeAA AE
A oW SAHSE T

FSl & wjoFe g FH3) slide glassoll 1mlA
4 AFE dFEHOH AFol FAEHU FA,

52 7]E peptone HiAO HZFFE=7F 1%7F HE=E 9 (glucose, lactose, maltose,
faffinose, sucrose)S #7}stal A A E 0.004% bromocresol purples ARE3Fe] 30C oA 24
AZE i eF S ujA| o] AMo] Wdte o E UERATE BepA e wiAI7E =g A WEtH A,
HalA] o AR YER AT

() Gas A

Gas A4 #-2 MRS brothell durham tubeE Y31 B FE vjdste] 24h & gas AA AHE
&3 AT
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("h A5
BEEEE 4240 ZYFE 0T Hjefsie] 24 ARk ol A== dAIFS spectrophotometer
(UV-1601, SHMADZU)E ©] 43t =43tk #HlE MRS brothel] 255 HF3 & 747 4T,
15C, 37C 1~79 Zk wjFstel A% S4L skt

=
a-
Z

Q) 2359 F+TA 47

O ANE AAE
12 BEeFo] 484 S A5 98l E2FE MRS brothell 30T oA 24413t #j
4CE YA HY. 2ol 9 He} H,Op7t &84 Aol vxls 9FE ajAst7] #13) 0.1

o 3
. p
Me] NaOHZ o] &3l pHE 7.002 %A3om catalaseE 50 UmlS H7bsted 1 A 5
A

o°

ok 30C ol A WA AT WAL & 5000 x g, 4ColA 1087 dARYF & A59S H3e
of SAAZIE o] &3 T2 AxAZ & 50 mM sodium phosphate bufferE o]&3}a] 10
Hl TFAA ZAFHOZ AT 2 AFALS 4T BpstAA Ao ALLsIAT. =+

2+ MRS brothE &% Fsto] 22 WHOo= Mxgsto] A&

(b)) ADT <=3Y

BEYFEY FFFAS Felstry] 9él agar diffusion test (ADT)E F33Jth ABFFE= 1
DAEHHF O 2 Listeria. monocytogenes (KCTC3710), Staphylococcus aureus (KCTC1916) & 1%
SATe=R  E coli O157H7 (KCTC1039), Salmonella enteritidis (KCTC12400), Vibrio
parahaemolyticus (KCTC2471)E ©]&3tth. $41 paper disc (Whatman, @ 8 mm)ol] AIE&
80 nlE Astste] Fv oA A=A F AFHEF7F =2 viA fod S8Fal 35+£2C
oAl 24 AZF o]l paper disc FHo| A o] A EH= AR FHBH AFE AU
=3

(th 259 71548 24
1) GABA (y -aminobutyric acid) B3 #F &g

U AlFd T AERE 4TS ZEst] APl AR AsfelA Eeld F Akt
GABA A4k AldS 913l rapid screening media (Lactobacilli MRS broth supplemented with
1% L-Glutamic acid, 0.005% pyridoxal phosphate, 0.001% BCP and 1.6% agar)E ©]83}o] Hjj %]
o] AslE Bl e 13 AT 13 AEE #FEL silica gel TLC plate (Kieselgel
60, F254, 0.2 mm, Merck, Germany)ell ZFE3Z GABA (Sigma)e}l &4 EelFo wWjSES 2
2 ZHAMAA spote] 2 g MMEE Bl FFES GABA AAAFE B39

2) GABA (y -aminobutyric acid) A4+#F9] 4

AlE BT A4S fs HE5HAY (fermentation potential test)3} 16S ribosomal DNA
(rRNA) sequence analysisg Al 3tATH T TEFHES F<lstr] 91l APl 50 CH strip#} API
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50 CHL Medium (bioMerieux, sa 69280 Marcy 1'Etoile, France)& o]&3t3o ™, Ax= 24, 48
A Zo gRlstRth. E2l59] genomic DNAE genomic DNA isolation kit (Intron, Sungnam,
Korea)& o] &3t E8stH o™, bacteria®] 16S ribosomal DNAo] Eo] &<l primerg o] &3}
o] polymerase chain reaction (PCR)= 433}t PCR condition 35 cycle (1 min at 94C, 1
min at 58C, 2 min at 72C)3} elongation®] 1 cycle (7 min at 72C)& o]Fo] % 2™ 16S rRNA
sequencing A3E ©]-&3}o] genbanke| blast A2 53] GABA A4t #+FE5 FAHAL

3) GABA (y -aminobutyric acid) A4+ o] F## 5l

Be)F9] GABA Askgde A#z <9le 93] HPLC (Waters)s A&3stom Rl nj
S YAEF (3,500 rpm, 20 min)3te] 0.2 ym membrane filter2 o33k & 10v 2 343 A
S sample® o] &3¥TE o]AS 001 N HCIE o83l @mza A4 ZF AQC reagent
(Waters, USA)E o] &3] F=A43}5 AS HPLC ¥4 o AFR3Ith. columne reverse-phase
column (150x3.9 mm ILD. AccQ.Tag Cl18, Waters)E, U.V-spectrophotometric detector (254
nm) AFE o] &34t o542 A solution (140 mM Sodium acetate, 5.6 mM Triethylamine,
pH 5.03)3} B solution (acetonitrile/distilled water = 60/40)2] gradient condition (initial 100% A:

35 min 67% A)ollA4] flow rate 1 ml/min, injection volume 20 ul 2] ZH o2 EA3H T

AdE EE59 vtoleAYeldl &7 =4S 98] sample 3 goll 0.4 M perchloric acid
(Sigma, USA) 27 mL& Yol & T3 F FE& A5 Jgsr &, A4E2(3,000 rpm,
4C, 5 min.) 3t ASHE 1 mL FH3 & o] F5H Na,CO; 300ul, 2 M NaOH 200 ul 2
1% dansyl chloride 2 mL& 7}t & &&star, 40 ColA 4583 FE=EASE A *
ammonium hydroxide 100 ul S o] oJ& 9] dansyl chlorideZ A A3 H, acetonitrile 1.4 mL<
A7Feta, 941Ee(3,000 rpm, 4C, 5 min.) 3t 45 HS 0.22 um syringe filterZ o33} & 7]
71840 ALg3tA T E4]7]7]= photodiode array’} #=¥ HPLC(Waters)E o] &3} o1,
column Nova-Pak Cjgdpm 3.9 x 150 mm(Waters, Ireland)E Ar-&3t33, olsde= 0.1 M

ammonium acetate(Sigma, USA)2} HPLCH acetonitrileMerck, USA)E A}-&3} %t}

Q) 2432+

b Hejd e 2839 Festy, Aed 54
D Hepds) 259 A, sty 2@ Y8 EA
Catalase testollAl= €5 21057 =5 SA4o|ded, I3dEA  AgdA I

g
o,
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29. 24A41%F wj

Eia

<

Gas from
glucose

-Acid formation from
Maltose Raffinose Sucrose

Lactose

Glucose

Strains

TITTCT
SS=3=2=3

M-10

M-13
M-14
M-15
M-16

M-18
M-20
M-21

M-22
M-23
M-24
M-25
M-26

M-28

M-30
M-31

M-32
M-33
M-34

M-38

M-40
M-41
M-42
M-43
M-45

M-47

M-49
M-50
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<E 30, HEfA3] 859 AlzbE A5 9 pH st 243

Strains 0 hr. 3 hr. 6 hr. 9 hr. 12 hr.

0.D pH 0.D pH 0.D pH 0.D pH 0.D pH
M-1 0.259 6.10 0.401 6.00 2.309 4.87 2.181 4.88 2.181 4.87
M-2 0.244 6.09 0.252 6.07 0.250 6.02 0.378 5.91 1.144 5.40
M-3 0.209 6.08 0.298 6.07 0.218 6.07 0.288 5.96 0.824 5.58
M-4 0.219 6.09 0.224 6.08 0.310 6.05 0.264 6.02 0.403 5.93
M-6 0.225 6.07 0.324 6.06 0.325 6.04 0.329 5.99 0.495 5.84
M-7 0.228 6.08 0.226 6.06 0.264 6.04 0.327 5.95 1.035 5.53
M-9 0.220 6.08 0.219 6.12 0.239 6.04 0.383 5.92 1.315 5.35
M-10 0.224 6.08 0.223 6.06 0.225 6.06 0.299 5.98 0.641 5.80
M-11 0.913 6.22 0.218 6.23 0.228 6.05 0.333 5.98 1.503 5.45
M-12 0.211 6.23 0.264 6.00 0.264 6.00 0.264 6.01 0.264 6.18
M-13 0.178 6.21 0.265 6.01 0.265 6.01 0.278 6.03 0.271 6.16
M-14 0.201 6.23 0.272 6.01 0.268 6.02 0.267 6.02 0.137 6.17
M-15 0.194 6.23 0.262 6.02 0.262 6.00 0.276 6.03 0.261 6.17
M-16 0.206 6.23 0.264 6.02 0.264 6.01 0.278 6.01 0.278 6.15
M-17 0.254 6.02 0.258 6.02 0.250 6.04 0.317 5.99 0.404 6.16
M-18 0.213 6.21 0.258 6.02 0.259 6.06 0.284 6.00 0.280 6.16
M-20 0.213 6.22 0.250 6.03 0.260 6.02 0.270 6.03 0.270 6.18
M-21 0.219 6.22 0.267 6.02 0.268 6.03 0.293 6.00 0.384 5.93
M-22 0.213 6.21 0.233 6.24 0.250 6.02 0.242 6.04 0.246 6.05
M-23 0.242 6.26 0.348 6.14 1.927 491 2.214 4.44 2.422 4.31
M-24 0.189 6.23 0.177 6.23 0.170 6.21 0.265 6.02 0.363 5.97
M-25 0.167 6.21 0.179 5.97 0.395 5.85 0.280 6.01 0.366 5.96
M-26 0.200 6.24 0.175 5.97 0.256 6.02 0.291 6.00 0.354 5.97
M-27 0.371 5.69 0.160 5.97 0.227 6.02 0.254 6.00 0.258 6.00
M-28 0.164 5.97 0.236 6.03 0.248 6.01 0.259 6.02 0.330 5.98
M-29 0.168 6.23 0.208 6.22 0.250 6.02 0.253 6.03 0.254 6.04
M-30 0.201 6.22 0.168 5.98 0.174 5.98 0.265 6.02 0.260 6.04
M-31 0.237 6.24 0.307 5.92 1.849 4.99 2.301 4.45 2.260 4.33
M-32 0.202 6.11 0.207 6.11 0.222 6.20 0.222 6.19 0.229 6.18
M-33 0.201 6.12 0.211 6.14 0.183 6.23 0.235 5.97 0.242 5.88
M-34 0.236 6.11 0.209 6.13 0.210 6.20 0.220 6.18 0.231 6.13
M-35 0.234 6.15 0.265 6.12 1.387 5.45 2.232 4.56 2.370 4.34
M-36 0.228 6.12 0.213 6.11 0.200 6.19 0.328 6.13 1.413 5.49
M-37 0.186 6.13 0.214 6.12 0.193 6.22 0.234 6.00 0.240 6.00
M-38 0.189 6.15 0.202 6.10 0.254 6.00 0.217 6.20 0.218 6.18
M-39 0.228 6.13 0.220 6.13 0.204 6.23 0.263 6.00 0.269 5.99
M-40 0.232 6.11 0.203 6.16 0.223 6.08 0.225 6.20 0.231 6.17
M-41 0.234 6.13 0.224 6.12 0.230 6.23 0.231 6.22 0.235 6.18
M-42 0.238 6.14 0.321 6.01 0.203 6.20 0.211 6.21 0.220 6.18
M-43 0.241 6.12 0.267 6.02 0.204 6.22 0.213 6.22 0.221 6.18
M-45 0.219 6.12 0.207 6.11 0.200 6.22 0.195 6.24 0.208 6.19
M-46 0.218 6.15 0.274 6.11 0.247 6.01 0.210 6.23 0.219 6.18
M-47 0.248 6.19 0.273 6.11 1.104 5.50 2.223 4.59 2.358 4.37
M-48 0.253 6.16 0.264 6.12 1.375 5.34 2.323 4.43 2.466 4.23
M-49 0.244 6.16 0.253 6.13 1.172 5.58 2.334 4.43 2.436 4.28
M-50 0.227 6.16 0.214 6.12 1.258 5.53 2.335 4.42 2.466 4.29
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: 15T 37T

Strains 0.D pH 0D pH

M—1 2.245 455 2.268 4.21
M-2 0.253 6.27 0.264 6.18
M-3 1.614 5.57 2.088 4.43
M-4 2.436 5.06 2.270 4.96
M-6 0.250 6.27 0.261 6.17
M-7 1.579 5.61 2.075 4.45
M-9 1.346 5.07 2.436 4.97
M-10 1.312 5.07 2.422 4.97
M-11 1.395 5.25 2.482 5.22
M-12 1.653 551 2.088 5.43
M-13 0.244 6.35 0.266 6.28
M-14 0.609 5.79 2.709 4.89
M-15 1.613 5.94 2.709 5.88
M-16 1.613 5.90 1.737 4.88
M-17 1.157 5.93 1.613 4.88
M-18 1.135 5.49 2.214 5.47
M-20 0.379 5.48 2214 5.45
M-21 0.341 6.14 0.379 6.13
M-22 0.342 6.15 1.860 6.14
M-23 1.884 5.70 2.312 4.30
M-24 0.364 6.08 0.421 6.06
M-25 0.386 6.06 1.875 6.04
M-26 1.128 5.52 2.241 4.36
M-27 0.340 6.14 0.379 6.12
M-28 1.900 5.55 2.063 4.54
M-29 0.339 6.14 2.173 4.99
M-30 1.135 5.50 2.358 4.37
M-31 0.343 4.40 1.955 4.60
M-32 0.435 5.56 2.382 4.22
M-33 0.340 6.07 0.437 5.97
M-34 0.342 5.62 2.232 4.36
M-35 1.969 4.62 0.380 411
M-36 0.341 6.04 0.583 5.08
M-37 0.341 6.15 1.459 5.30
M-38 1.260 6.17 0.379 6.12
M-39 0.338 5.75 2.205 4.43
M-40 0.340 6.14 0.378 6.11
M-41 0.410 6.16 0.380 6.14
M-42 1.533 5.66 2.346 4.34
M-43 0.372 6.14 0.380 6.11
M-45 0.429 6.15 0.380 6.12
M-46 0.312 6.04 0.361 6.03
M—47 2.089 4.29 2.108 4.15
M—48 2.108 4.34 2112 4.03
M-49 2.347 4.37 2.469 4.05
M=50 2.431 4.40 2531 4.04
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H%ﬂﬁ%Q@Q]/\ﬂMlMBIM35M47M48M49M5 T4 O A
o] 0.D%+9] %ﬂ%'ﬂ E=3kom, pH A3t £=7F wES Rl o5 & 15T
= HYoA 2 FFE0 vl Audoez =& OD%kJJr w2 pH #e e ¥FE
3k % NaCl 2%, 3%, 4%) #7138k MRS brothell H= o}OE] 48X ZF v ¥ & OD#H p
o #FEY YIS I At I A= C 9 2o A g0 #
WA @RS O8] Ueix s FAgke WZ?OE ako] Alzhe 445 9 pH
512 19 25. 26. o JERAATH

3}
.
H

<E 32. A=@%, 3%, 4% W& 472 &= 3 pH &>

15°C
_ 2% NaCl 3% NaCl 4% NaCl
Strains )
pH LAB pH LAB pH LAB
M-1 21432 + 7.50 + 4.45 + 7.42 + 453 + 7.53 +
0.00 0.01 0.02 0.02 0.02 0.03
M-31 4.28 + 731 + 433 + 7.28 + 430 + 7.34 +
0.11 0.02 0.01 0.03 0.02 0.01
M-35 4.41 + 7.44 + 430 + 7.32 + 433 + 7.34 +
0.01 0.01 0.02 0.02 0.01 0.00
M_47 4.30 + 6.98 + 4.37 + 7.02 + 436 + 7.11 +
0.02 0.02 0.01 0.01 0.01 0.01
Mo48 4.33 + 6.78 + 4.40 + 6.69 + 4.42 + 6.72 +
0.00 0.03 0.01 0.01 0.02 0.00
M-49 4.55 + 7.22 + 467 + 7.31 + 467 + 7.32 +
0.02 0.00 0.02 0.02 0.00 0.01
M50 462 + 7.17 + 465 + 7.22 + 466 + 7.10 +
0.01 0.02 0.00 0.01 0.01 0.04

VLAB : Lactic acid bacteria; unit : log CFU/ml
?Mean =+standard deviation.

—0= M-1

- M-31
—— M35
== M-47
= M-48
—C— M-49
— M50

. Control

Time (hour)

=]
hun

<1 25 A58 5 BHide 2edFet e AE Ase ¥3 2
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] - = o
6.000 - e
== M-1
5.500 - == M-31
85000 - SRR
g - 47
£ 4500 -
—- \-48
4.000 - —— M-49
3500 - == M-50
=&~ Control
3,000 i ; :
0 3 6 g 12
Time (hour)

<I1¥ 26 A5ZAE o WeiHs] 2eldFok oo A pH W3

i
NV

]

A

TE 5 M-1, M-31, M-35, M-47, M-48, M-49, M-509] %774+ H1 5.80
S B, wF 64 A3 3 HF 8.36 log CFU/g 7kA] w2 A A 73tk
o2 FY It & HeHAs ZedTEe 27|dFe B 4.84 log CFUlg &=
B, wieF 12412 A3 & H 7.02 log CFU/g 22 M A3 ZF7tste 23S Ryt pHel
AL BEF M-1, M-31, M35, M-47, M-48, M-49, M-50¢] 7-¢ %~] pH

Elorr o
)

B
52
rlo
P
o
ey
N
X0
32
o

J{m

Feldsl welrel e, setd 2 A% 54 A9 dios 3@ 54 nolk #F 465
= IASE A3} 57HR] WUA v|AEQl Escherichia coli
O157:H7, Listeria monocytogenes, Bacillus cereus, Vibrio parahaemolyticus, Staphylococcus aureus
oA =T HFBigt clear zone FAo] RIFA o} FH&go] IA f ZoE ALRHT (data
not shown).

[
ol
ol
i
2
K
o
=2
)
ol
O
£
%
el
i3
ox
o
ol
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(th Bejdsl 2elF2 A

D HejAE] 259 kA A3 (Biogenic amine)

(' 33 W Ae) BelFel 82 A E

Biogenic amines (mg/kg)

Starter candidates

Histamine
M-1 18.22 + 0.54%
M-31 29.17 + 1.21
M-35 2471 + 3.15
M-47 21.88 = 2.27
M-48 31.08 + 1.06
M-49 25.02 £ 2.17
M-50 27.28 + 4.14

YMean +standard deviation.

e HWEAsolA a3 ZAAkgtol thal uio] oAl ofvl e SAHI A 3~
9l gaFe]l A9 M-1 #FollA 18.22 mg/kg AEFHU L, UHA FHFO
S 74z 29.17, 24.71, 21.88, 31.08, 25.02, 27.28 mg/kg AEFH+= AS FAsH o™ 7|E} of
19] 3% 1 &Fo] 10.00 mg/kg ©]stel Aoz &2l A} (data not shown).
o] APE T8l AES 77 7 2EE FHRAO HE s o] tiE 2 &o] Hdsitta A

() BeAs) BelFel 7154 B

=

1) GABA (y -aminobutyric acid) ¥A+wF &g = Ay

WE A soll A AEE EeEdF AR 1 miE Fste] 48] AlgRdozmRy 759 +F5 1A
Aoz FYsitt TLC oA £25F T 782 wiFEolM GABAS) EA7F &=, A
FH EAAH OFoA M =S FEFS Ad M-1& GABA A ¢ 72 HFT AE
At

GE 34 HEjAe ¢ TR FeiFo] GABA o AR A

Strains GABA (mM)
M-1 42.29 + 3.29
M-31 N.D
M-35 18.32 + 7.29
M-47 11.56 = 6.27
M-48 N.D
M-49 N.D
M-50 N.D
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B F M-19] 54PN A APl kitE o] &3+ Z3}+= Lactobacillus brevis7} 99.6%2] 454 S
Zt= Ao 2 YeE o™, 16S rRNA sequence analysise] 23} Lactobacillus brevis7} 99%<¢] 7
TS B F A HHe fAME S B

o e Fee) TR AL (n sin)
D) Fefas) A=

FelAe) $5 FRE M-DE Agato] Industry scale® AZSATh el B AolelA of

529 U 8% F St PARE DELE, vhs, A7, 29, B2
£ AESHET AZPRE thest 2ok HeE e, A=us Wge AASL 4-5
SRoE Adate] WHE FA 20% v&e £FOE FF (0T, 24 AZHF $EEE 33
AR, 00NN BB F, 4 ARE E 42 o WEE EFAAAT AF 26H FRio
St FeE Akl Az SFEANA DA
Aol ¢4 2uE TR A7hEn AR

2 AT kg Ay s2dxE F9
A 1% A7betdnh Azxrt S45d B
2 o] Zg2E UH L7 &4 & 3 15T cool incubatoroll A 14¥97F &S H AL, ©]
Fol AL 4CoAA FPs T

<G 35. HEfAe A= HED
Materials Weight ratio (%)

Sliced Ala 74
ska pollack

Red pepper powder

Ginger
MSG
Sugar

Glutinous Millet
Garlic

Salted Radish(1% salt)
Starter Culture

— N W W= =
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2 2345

b M =H 4 A3

1) ¢4 starter RS 83 HejH o T w3}

g AP AS, HEVL 5 F AFE LE MAYERRE 15YU7HA

HE 745 log CFU/ge2 F71etlaL, °olF A 24d7HA LAY FF
—zr 9Jo] M-31, M-35, M-47, M-48, M-49, M-50 +F& A &3 A+

o onl

o
bl
r
)
o2t
mlo
e 411
R
g

8.00
— 750
g‘-“ == -1
& 7.00
o == M-31
3 650
B —— M-35
: 5.00 »

== 47

8
= 550
5 = M-48
3500 A
B
= 450 - M-50

400 < == Control

2) =7 starter FH -5 &3 HEjA ] kA W}

M-1 #FE5 A&3 AP Ae, TaV|r ¢ T d5e LR JNNLEREH 15Y7HA
4.20 log CFU/ge. 25 753 log CFU/ge.2 ZF713t9al, ol%F &4 24d7bA] dA %
FASAT M-1 &5 o] M-31, M-35, M-47, M-48, M-49, M-50 #F& & &3 A3 9
o WE AAYZRE 12U7b7 HE 4.00 log CFU/gol A 7.20 log CFU/ge.2 #57t Z714t

oM, rulo

= Hl%?‘& AEe AT FAre AFFE vusty E o HE FoFQd ZolE Holx
%= AoE Kol WeEjds] e mAELS ~EEZE 29 EHFEC] YRE AAFFE o=
*}E%E‘r.
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ca
=]
=]

owd
in
L=

e
o]
[=]

£n
in
L=

Lactic acid bacteria {Log CFU/Sg)
&
=]

5.50
5.00
450
400 .
0 3 6 9 12 15 18 21 24
Time (days)
<19 28. 95 ~ElE FRFS 249 Fejs)o] Ba|ZF Bk AaFs dsh
() olskstz 24 Az
D pH W3}
6.500
6.000
-0 M-1
5500 - == M-31
£ 5000 - —fr= M-35
s B M-47
Z 4500 -
—& M-48
4400 —8— M-d9
3.500 - —t— M-50
=&~ Control
3.000 1 —

0 3 B g 1Z 15 13 21 24
Time (days)

<19 29, 95 2EE FRFS A4 FejAsle) a7 Sk pH Wb

MAILFEE 129714 pH 6.1291 4 pH 4.44=2 %+
A pH kol <F 45002 FAHE AL FlstAr.

?r o 013%01]A1 0.62%7+2 Z7lsl= AL olstg

%11'8}% < st Ah

T 2EE RIS H G ‘%‘Eﬂél‘ﬁﬂ Hlwste] AAdgAZl Hef 2o 75 A

F 2490l °F 0.48%, pH gte] - H 450 %°2 JEh 94 ~EE TRFS 28§

HeEf Aol BlsiA= 25 4 *3*39:‘01 W AR ey

N
2 oo
ol
ol
fuj
1>
:?gs
o
’U
[o
i,
fo

ol

AEE

e
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A= A4S 7o FRE A4 AAN s BE B 47T FG 2 WET} glo] of
120%% JEIT, FEBAE TP oF 09259 FRBAE S fAGE Ao U

(data not shown).

6.7 -

0.6 4
- e [\1-1
=05 -
% == i-31
m
_E 0.4 + e [1-35
% g ——M-47
£ == V148
5 k2 -
o = [\1-45

0.1

e 115}
0.0 : : : r T T T | e Conitrol

0 3 ) 3 12 15 18 21 24

Fermentation time (days)

<1¥ 30. 57 ZEH FERIES &3 HHAs e Farjt st e Hah

D $4 FRHEFE Ase] Az dease U nAE
S5 FRRFES 2 gote] Az Fejdsle) Ha/Z o HAY VYBEL BF HF

<E 36 A= Heidsie] Far|t s ¥ s A= A3

Fermentation

days
0 3 6 9 12 15 18 21 24
Test .
microorganisms
coY - - - - - - - - -
EO ND* ND ND ND ND ND ND ND ND
SS ND ND ND ND ND ND ND ND ND
SA ND ND ND ND ND ND ND ND ND
LM ND ND ND ND ND ND ND ND ND
VP ND ND ND ND ND ND ND ND ND

*ND : not detected, (-) : negative
1 CO: Coliform; EO: Escherichia coli O157:H7; SS: Salmonella spp.; SA: Staphylococcus aureus,
LM: Listeria monocytogenes, VP: Vibrio parahaemolyticus.
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(&) §- starter FHTFS 283 HE 2o BsHA
D Az Fei2s)e st

23}
%—f‘&?ﬂﬂ R M-1 #55 &3 WHdsirt b 3w 8 iz v =4 4
bttt =3 "o g F Fa Avle AATaAR gee] A9 HrhA 3.8
urema;az M-31, M-35, M-50 #F& Z &3 Hejdsie] -+ 212 B§7HA] 5.8, 5.9, 5.8&

= *é?ﬂ? il uﬂz;hoﬂ H) oH M-1 4
AA Rl 7|3 eol e A JYEbsth ®
afjoll wlal WErh= H77E Al A o] AT

CE 3§54 2B FREE A8 Fese dAA Ao

Control M-1 M-31 M-35 M-50

acgé?)‘t’grl;ce 502 + 032 7.15 + 0.45 6.11 + 1.29 502 + 1.50 6.71 + 0.10
ngg‘{ty"f 334 + 1.07 550 + 1.28 521 = 1.58 430 + 1.91 502 + 0.06
Flﬁl‘;‘ig;’f 402 £ 021 3.02 £ 024 421 + 128 410 + 0.36 4.00 + 1.37

Taste 4.11 + 0.08 6.38 + 0.51 528 + 1.00 5.17 + 0.25 581 + 0.26
acceptance

T:;tdeitgf 381 + 129 627 + 1.10 579 + 0.78 591 = 0.11 583 + 1.05
T;S;fd;’f 403 + 125 248 + 029 438 + 091 320 + 0.04 297 = 0.16
Tgﬁé%n“ 433 £ 072 211 £ 1.20 320 £ 0.05 278 £ 0.01 291 + 0.31
acc%([))lt(:);ll;lce 539 + 0.25 6.49 + 0.27 505 + 0.16 6.35 £ 0.37 6.02 = 0.11
ac‘g‘e’g{;lllce 534 + 0.82 7.26 £ 0.28 6.07 + 0.26 6.23 + 0.52 6.98 + 0.14
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6. 2 o] 23] starter FEF B R HH3}

7t A eAqolAse] 48 RUge] mMABA, o5y 54 AE

D A= R P

Al oA ojAlEe] FAHIE 9 F8 A FAE B 2 5 nyESHE, o5tz B4
< AES] {5t @AFolFsd 2 Iy AYAZAA AEE FU7F FRHSEH. B A3
AFERE TUAIE Y A FS E 44, o Zoh
{44, =) A3 AED>
A F R
A
B
Qo] A8 C
D
E
A: AolF=d; B g9itdsl; C AAAA; D AFAA=x; B AgAdA=
EFT4 =4S 93 wjA 2= PCACPlate count aganE AAk# EgE 93 wix 2= BCP

41

(0.006% bromocresol purple)E Z7}3F MRS (DifcoTM) ¥R S AL&3tATH o< =4 HHS 2
EZA vAEAGH Wl AlE 25 go]l B FAF 225 m HUbste 3 A o2 HjA 9
Tste] 35+2C, @714 2HolA 243 vl & AAE s dFEso. BCP AU
MRSHi A | A =&bd H 5SS 23] ol &ste] 4 A8 ARE St &5 JHF=
Al MRS brothel] 18 AJZF wiFgt & wjkd S 15% glycerol®] &%Z -70C oA A3} A
Aol AFESIATE BAAPAERE AFFHA PAEARHA o S, dEEjE S
24~48 A ZF v FE & AAE S dEEAT

by

ol
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2 243234

SERE

Oh A 9ol

Mo

D A2

o =t (o]

(F/ndD> Fo1) F120 qma |e10L

E.

samples

el e, #4 5.89 log CFU/gS YEFSITH

L)

{5/n42 Fo7) e

= L]

apeq poe e

o -

Samples

=
=
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Se A% eFolsle] BaFgSE 550 - 640 log CFUg A== Thrgh ¥22
onl, B2 600 log CFURE Uitk 2 ARl A4essl $25s A fA
2 Hop g il LEHL 9T ¥ F AUk

3 AF Ao Ao WA HAE
AN#EE Ao ZRY WA wAE (Escherichia coli O157:H7, Bacillus cereus,
Staphylococcus aureus, Listeria monocytogenes, Vibrio parahaemolyticus) 4% MNd< A A3HA

ou mE A=A FUA nAEe] AEHA Gt AL AU

>

i

< 45 Al Ao 4sle] Bad mAE A

Tested pathogenic microorganisms’

Samples
EO BC SA LM VP
A ND* ND ND ND ND
B ND ND ND ND ND
C ND ND ND ND ND
D ND ND ND ND ND
E ND ND ND ND ND

*ND : not detected

1 EO: Escherichia coli O157:H7, BC: Bacillus cereus, SA: Staphylococcus aureus, LM: Listeria
monocytogenes, VP: Vibrio parahaemolyticus.

(b A ool Hsle] olshsta w4 A3t
D A 2ol 4sl9 a, 9%, pH &4 Ax

A

CE 46, A% @A A5 0] olseta BA A

Products Aw pH acidity (%) Salt content (%)

A 0.924 + 0.00 475 + 0.01 0.45 + 0.01 3.88 + 0.00

B 0.941 + 0.01 468 + 0.00 0.46 + 0.03 4.02 + 0.00

C 0.933 £+ 0.00 4.80 + 0.00 0.33 + 0.02 4.35 + 0.00

D 0.921 + 0.01 449 + 0.00 0.51 + 0.01 3.53 + 0.01

E 0.937 £+ 0.00 4.47 + 0.02 0.55 + 0.00 3.41 + 0.01
AR oo Aslel oleha S4e AT A3 pH 4e 475 + 0019] WS GEnY
T, A=) 7 045 + 0.01%5 YETh FEZHES H$ 0924 £ 0.00S YEAL
o, 9% W= 388 + 0.02%= Felatgdth
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(h Am egoiHsle] falBa A

D Al @A o2& 9] biogenic amine &3 F4

(47, NBEE 2 A0jAF| 2] Hlo)l LAY ofwl k)

Biogenic amines (mg/kg)

Sikhae

Trp® Phe Put His Tyr Spd Spm

AP NDe ND ND 3.05521i ND ND ND
1.27 + 10.25 +

B ND x ND e ND ND ND
9.21 + 15.09 +

C ND Sl ND O, ND ND ND

D ND ND ND 0.024(1)0i ND ND ND

E ND ND ND 0.03%1i ND ND ND

¢ Trp: tryptamine, Phe: B -phenylethylamine, Put: putrescine, His: histamine, Tyr: tyramine,
Spd spermidine, Spm: spermine

PA~F: Commercial Squid-Sik/ae

‘ND: Not detected (amine level is less than 0.1 mg/kg)

Mean =+ standard deviation.

N#EE eqolAs AEE FA%ke HPLCE 3 vroleAd ofdl $3e Bag 2
® 473 2tk 1 A5 saEe] B R 5.90 mghke JEIT, g-ddedn
AR AFNA Plgoz A2AUT Telx O opMEL AEHA Yk

Tk

@ A egoldslel Bzl A

Taste of acidity

Overall

- Taste of green
acceptance = i

Color acceptance Taste of moldy

Taste acceptance

<IH 38 Al eAojAs)ef shol] tiglh W57t A
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Flavor of acidity

Overall

e = Flavor of moldy
acceptance |

Color acceptance’ Flavor acceptance

. 2Ao| 23] starter TR F =22 & HA 3
(D) Starter xR A¥E 9L A, 535 54

3k v 2= BCP (0.006% bromocresol purple)E 3713k MRS (DifcoTM) i =]
= sttt 7 23 He AEFA nAEAFE uet A8 25 go I 345 225
ml F7bste] 34 g iAol =ete] 35+2C, VA =xolA 244170 WSt & A"
Aehs AT BCP A7 MRSHRA| o] Al &k HeEs 23 Ol” st tF A AR
S AT &3 HES Al MRS brothell 18 A1ZF viFRE & wiekeS 15% glycerol®]
LR -T0CAA Astar Aol AREsAT

b 229 FHstz, Az 54

S
>
oo 4l
M
G
Ll
jg

nyE HAHS $3Pste] on] starter #32 morphologyE dv]7  (Axioskop, ZEISS,
Germany)E ©o]-&3stod &3ttt Starter $HRAO A EAS HESIL 437 S
catalase test, @ E32, gas A Y, pH, ASEE, Thdd Lo A EFS a5

=l

1) Catalase test

T
¢

U
-

il
P

Catalase test+= E3]FE brothol 24 A QF wlj &

b &9t v vjoFel -8 #H3) slide glassoll 1mlA
=& A3 & 3% H2028 W-eAA AF 4 o3

Fstgom AFol AN P,

FE 5 7|2 peptone HiA O] HZFwE7} 1%7F HE=E 3 (glucose, lactose, maltose,
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faffinose, sucrose)& Z7}skal A A|2FS. & 0.6% bromocresol purpleS AR5l 30C o A 244]

b owleF F Ao Aol Wsts Ao® yehiglth. HepA o] mjx|7F g A dstd oFd, i
A o FA4o= Yyt

3) Gas A H

Gas A 8L MRS brotholl durham tubeE Y1 EgFE wjfste] 24h 3 gas A o
wzet Ao

e
i

H AHEE

ASETE ko] BEFE 37Tl widsle] 24 AIRE 3o AAE= #AIFS spectrophotometer
(UV-1601, SHMADZU)E o] &3t =43ttt =818 MRS brothdl]l B85 HE3 & 37C 484
b jeFste] B8-S & 5 AR 1HE o E 1243HEE 0D ¥ pHE A3t A5 E4& &

2.

(Wb 229 da848 43
1) ADT <3}

B FE9 FaSAHS F3tr] Yl agar diffusion test (ADDE F33tAth AddFE 1
2 Listeria monocytogenes (KCTC 3710), Staphylococcus aureus (KCTC 1916)& 1%
= £E  coli 0O157:H7 (KCTC 1039), Bacillus cereus (KCTC 1012), Vibrio
parahaemolyticus (KCTC 2471)< ©]&3tth. 941 paper disc (Whatman, @ 8 mm)eol| A%

wE Aslste] Fat AeEjollA Ax=AZ & AddF7F 22" 9 A Yo SHF 35+2T 01]/‘1
24 N Zk olujell paper disc F®ell clear zoneo] F4H = AR FHAF AFES ATSAT

2 2g4d7

b A48 EeF9 FEstd, ded 54

D oA a5 A, &3t4 9 45 54 A3
Catalase testollA+= &85 10057 EF Ao, AN APdA I8 A
micro-morphology= IO 2 UERSGTE o]FoA] Fdoz 3k EA4S Hol= +F 31F
Ak, o5 & Hals % gas A4, 2T A Ao2 3 pH WskE A

=
A= 348, 49 oF Aoh =3 15T, 37C o 2= WM A5 7hed Aoz el HIle
I Ade #0050 7 2ok
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(I 48, 24A7F vk & 9 A o))

Gas from
glucose

‘Acid formation from
Maltose Raffinose Sucrose

Lactose

Glucose

Strains

A-1

A-2

A-3

A-10
A-11

A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20

B-1

B-2

B-3

B-4

B-5

B-6

B-7

B-8

B-9
B-10

B-11
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O hr. 3 hr. 6 hr. 9 hr. 12 hr.
0.D pH 0.D pH 0.D pH 0.D pH 0.D pH
A-1 0.108 6.22 0.192 6.12 0.204 5.57 1.064 5.46 0.979 5.46

A-2 0.185 6.21 0.206 6.12 0.313 5.46 1.115 5.46 1.102 5.43
A-3 0.109 6.42 0.198 6.15 0.576 5.81 0.796 5.56 0.890 5.43
A-4 0.115 6.45 0.237 6.11 1.057 5.46 1.176 5.46 1.054 5.44
A-5 0.113 6.29 0.198 6.10 0.731 5.51 1.119 5.54 1.027 5.44
A-6 0.119 6.40 0.208 6.08 0.833 5.49 1.145 5.49 1.086 5.54
A=7 0.256 6.28 0.191 6.10 0.834 5.44 1.247 5.45 1.106 5.44
A-8 0.116 6.24 0.165 6.13 0.659 5.52 1.133 5.44 1.047 5.43
A-9 0.085 6.23 0.181 6.12 0.763 5.49 1.246 5.45 1.069 5.44
A-10  0.111 6.22 0.151 6.15 0.397 5.93 0.979 5.44 1.074 5.42
A-11 0.111 6.23 0.198 6.13 0.824 5.45 1.192 5.45 1.098 5.44
A-12  0.107 6.23 0.192 6.09 0.783 5.44 1.139 5.44 1.034 5.45
A-13 0.101 6.23 0.152 6.15 0.643 5.42 1.154 5.43 1.125 5.45
A-14  0.111 6.24 0.296 5.98 0.642 5.51 1.104 5.44 1.108 5.44
A-15  0.245 6.07 0.283 5.99 0.523 5.52 1.151 5.42 1.085 5.44
A-16  0.242 6.24 0.145 6.21 0.574 5.67 1.239 5.43 1.151 5.43
A-17  0.257 6.05 0.162 6.17 0.676 5.54 1.313 5.34 1.230 5.44
A-18  0.115 6.25 0.161 6.17 0.630 5.64 1.221 5.45 1.185 5.42
A-19  0.248 6.07 0.159 6.20 0.334 6.00 1.813 5.82 1.202 5.45

A-20  0.100 6.26 0.168 6.22 0.481 5.78 0.172 5.72 1.390 5.08

B-1 0.103 6.25 0.161 6.18 0.223 5.58 1.112 5.45 1.936 4.73
B-2 0.108 6.25 0.141 6.20 0.474 5.64 1.235 5.45 1.138 5.45
B-3 0.112 6.21 0.141 6.19 0.510 5.70 1.225 5.44 1.129 5.46
B-4 0.113 6.22 0.150 6.19 0.761 5.49 1.431 5.26 1.237 5.24
B-5 0.112 6.23 0.153 6.18 0.510 5.94 0.831 5.63 1.017 5.42
B-6 0.122 6.23 0.172 6.18 0.423 5.68 1.212 5.42 1.097 5.45
B-7 0.107 6.19 0.147 6.14 0.537 5.88 0.716 5.74 0.846 5.49
B-8 0.117 6.21 0.181 6.13 0.513 5.68 1.204 5.43 1.196 5.44
B-9 0.109 6.20 0.118 6.15 0.457 5.92 0.686 5.78 0.927 5.47
B-10 0.114 6.20 0.168 6.14 0.502 5.66 1.276 5.44 1.394 5.02
B-11 0.114 6.21 0.163 6.13 0.396 5.66 1.289 5.46 1.254 5.46

_ 15T 37°C
Strains
0.D pH 0.D pH
A-20 1.172 4.81 1.982 4.72
B-1 1.193 4.46 2.046 4.28
B-10 1.187 5.08 1.897 4.98

2

4% 9 pH Wsh I YPoIA Bl #FE & FFE wstel 0D Frheol &3
om, pH A3 £=7h MBS FASPL olF F 15C, 37C L= WAN TE FFE
1) 3 *Hﬂw °% ¥& OD#F ¥ pH #e Ze S AW F, NaCl (2%, 3%, 4%)%
H7K MRS brothe] AFske] 48417 Wi ¥ OD@} pHE ZH3tel 7B WPHLS 3
Q1 stk 1 Ass = 51 3 2

=

N r_é
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<3 51 A% (2%, 3%, 4%)° W& 9 ¥ % pH &>

15°C
2% NaCl 3% NaCl 4% NaCl
Strains
pH LABY pH LAB pH LAB
A-20 4065312% 725 + 0.02 470 + 0.01 7.88 + 0.02 522 + 0.01 8.05 + 0.09

B-1 458 £+ 0.01 7.73 + 0.03 4.60 + 0.03 7.51 £ 0.04 492 + 0.05 7.43 = 0.02

B-10 491 £ 0.03 790 + 0.02 475 £ 0.01 7.85 = 0.02 4.83 + 0.03 7.55 + 0.04

VLAB : Lactic acid bacteria; unit : log CFU/ml
?Mean +standard deviation.
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Al g 2ElE $RAF 31T FAEAEA

sl 438y A3} Bacillus cereus®} Staphylococcus
aureusl Al <& Ul 4555 29 + A

(i 52, Ao Bl FHFEAD
(inhibition zone diameter (mm))

Test microorganisms”

Strains
EO BC LM SA VP
A-1 - - - - -
A-2 - - - - -
A-3 - - - - -
A-4 - - - - -
A-5 - - - - -
A-6 - - - - -
A-7 - - - - -
A-8 - - - - -
A-9 - 12.00 £ 0.04 - - -
A-10 - - - - -
A-11 - - - - -
A-12 - 13.00 £ 0.02 - - -
A-13 - - - - -
A-14 - - - - -
A-15 - 11.00 £ 0.03 - - -
A-16 - 14.00 £ 0.00 - - -
A-17 - - - - -
A-18 - 12.00 £ 0.02 - - -
A-19 - - - - -
A-20 - 14.00 =+ 0.03 - - -
- - 22.00 £ 0.02 - 12.00 £ 0.01 -
- - 10.00 £ 0.01 - - -
- + 0.02 - - -

- 11.00

UJOUUJUJUFUJUJOUUJ
© 0o~ Ul W~
|
I
I
|

i
—
(@)

1

1

1

1

1

B-11 - - - - -
- : no-inhibition

1) EO: Escherichia coli O157:H7, BC: Bacillus cereus, LM: Listeria monocytogenes, SA:
Staphylococcus aureus, VP: Vibrio parahaemolyticus.
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29| Baciilus cereusel| gk a4

B-1 1

L

<1H 40. &Aoj4s) £85F B-19 d=+243>

(Th 2ol 48] elFel Ay

D Ao 259 kA A8 (Biogenic amine)
<E 53, Wujals) BeElFe) 8 2e A
Bi ; ; K
Starter candidates togenic ‘ammés (mg/ke)

Histamine

A-20 25.35 + 0.11?

B-1 19.08 + 0.33

B-10 27.02 + 1.48

YMean +standard deviation.

R FFol 328 A 19.08~27.02 mgkgo E ThAA O 8 HLE oo

e S5
AzHJoY B-1 #F9 A 2 FolA 7P w2 gkl 19.08 mg/kge YERTH
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o AEE A FRFY A8 (in sity)

(D) 39443 A=

) 2432+

Ob Pd=A 24 A
1) < starter FRFS 283 oA )0 T W3}

8.00
__ 800
3 7.00
:E‘DD
2
8 500 - 420
E 4.00 -1
2300 ¥ —tr— B-10
E 2.00 = Control
2
100 4
000
0 3 6 9 12 15 18 21 24
Fermentation time (days)
<O 4L 5 2EE FRES AT oFoiNse] BEIT B FRS Wb
B-1 255 A4d AT A% BN FU% FFFE BE ANYDHE YRR o
4.00 log CFU/go.2R ¥ 7.78 log CFU/go.2 Z7}314a, ol% %4 249717 1%5& T
$AHAt e 2eE FEs AdTe] A BEIG B F des I AL
RE 129717 °F 320 log CFU/gO. = %E 6.35 log CFUIge. 2 Z7/18t9 T, 1 ol F2 %4 24
A Ml%d FrE FASAT A2, B10 #Fe A9 LR FUE FEFE T A
YZHE 129717 3.32 log CFU/go 2 H-E 6.99 1og CFU/ge.2 ZF713lRaL, 1 o|%2 &

FASGL B-1 #7% A8 AGEH h2Ee vasto]

ok
o}
A 24A7A MR B L=d FEE S
Z—I%E_O] EH}_ E_E]— BH]—E -—ﬂL_{F .%_7]__%_ Egiq_

Hote o, B-1 ¢+
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2) 5 starter FRFS A& Ao} o] il w3}

L = T B = B =

Lactic ackd bacteria (Log CFU/g)
] i

[ I ]

4] 3 B 9 12 15 18 21 24
Fermentation time (days)

(I 42, %7 2B RIS 28T 24048 o 2ar|zt st Ak s

B-1 55 &3 A¥dT 49, Tarizt e S L8 AANLERYH 12d7HA oF
4.00 log CFU/ge.=RE] 7.98 log CFU/ge2 Z7I8tA L, o|F &4 24U7HA H|=3 F5E
TABIAT. dE2Te] 28EH FEV A¥Te] Ay, EVG 5 F das 2a AR
RE 1297b4) < 3.11 log CFU/go. 23 650 log CFU/ge.2 2713191, 1 |32 %4 24
7R BT FE FASAE A-20, B-10 #59] B 2arizt e Fdee 2E i
=R 1297kA ¢F 3.20 log CFU/ge 257 E 7.00 log CFU/ge&2 ZF7}8lR}al, 11 olF2 <«
d 24LAMA ME W dE FASIAT B-1 ¢ A8 A3 dxTe Hlastho
Hets w, B-1 &5 A &To] tExThY mE v S7HE Zn 4 AdTolMe] F d
o} byt WL TR e e ZleR Hop eAoj4fe F ¥ L A

abgtel] o8 AujE= Ao 2 AR HET
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(p olgstd 4 A
1 pH W3}

7.00
6,50
6.00
£ 550 = 4-20
]
:E_ 5 00 = F.1
. B-10
4.50
e COnifrol
4.00

o 3 B 9 12 15 18 21 24

Fermentation time {days]

(I¥ 43§ 2BH FETS 283 eAojds)e Tar|3t <t pH WHEb

0.7

D6
E3
b 0.5
"
,g 04 - 430
g‘ 0.3 - .1
-
= .
'—E . = F-10
g — (ot

o
N

o
o

o 3 6 9 12 15 18 21 24
Fermentation time [days)

<Y 44. 95 2EH FRFS 243 eFojAse] Tar|zt Fek s Wb

B-1 #5& #&3 oAols]o) pHgke Ta MAYRE 10970x pH 6.2014 pH 4.7=2 7+
a3te e HABYT o F ::—g 129744 pH Fkol o 4602 FAHE AL St
2bzo] A9 g MAYEE BE 108390 0.20%904 0.64%7HA F7Mete RS B A,
ol% R# U7 °F 0.7%°] J g fASE 2e FAstgh A-20, B-10 #5F A §H
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AT A9 pH Fe TE 129 Z47; pH 4.8, pH 4.9 & YERAAIL o]F By 244 71A
I pH 4.7, pH 4.6 Yelf o, A es 2F AP oA 4‘1‘*3 129 0.50, 0.52%EF e

ElE $HFS HL3 Ao ds) 9t vwsley] AARFTAIZ 225 A 4=
1290l ©F 0.35%, pHE 5284 A&7 wmste] 2o 2he Jehpgich
(th $-<F starter R F2 283 QA2 59 A A A

e
i,
SN

D Azt 2oyl o] B A=

A= Az Al AMEEHE Aol dE9 A B Ay FAo] {7 wiEel ol R
=AM ¢ A= WAAUIANE (Escherichia coli O157:H7, Staphylococcus aureus, Listeria
monocytogenes, Vibrio parahaemolyticus)©]l <& 2 7Fsidol Ath ol& Flslr] 93l

rzk

ojAsie] dE B FAES HE 9 477 Tk A A WA ES & f&
A 7+ ~EE TRFS 283 AFFH AFARFAT] g 2TFoA BFE AZHA = AL

gty 1 A= 3 54, 55 ¢F £,

(E 5. 2Aoj2ls)] 5 9 FAd5e HAdA vAE AE 23
Materials EO SS SA LM VP
(Sqi?él,idraw) ND* ND ND ND ND
Galric ND ND ND ND ND
Ginger ND ND ND ND ND
Radish ND ND ND ND ND

*ND : not detected, (-) : negative
1 EO: Escherichia coli O157:H7; SS: Salmonella spp.; SA: Staphylococcus aureus, LM: Listeria
monocytogenes, VP: Vibrio parahaemolyticus.

{(*% 55. $< starters A&

%
to
oX
2
1>
o)
1o
i,
fol
N
r:]_‘
ofy
oR,
(o
ox
=)
o=
o
b
e
ihd
=
A4
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Fermentation day

Test 0 3 6 9 12 15 18 21 24
microorganisms
EO ND* ND ND ND ND ND ND ND ND
SS ND ND ND ND ND ND ND ND ND
SA ND ND ND ND ND ND ND ND ND
LM ND ND ND ND ND ND ND ND ND
VP ND ND ND ND ND ND ND ND ND

*ND : not detected, (-) : negative

1 EO: Escherichia coli O157:H7; SS: Salmonella spp.; SA: Staphylococcus aureus, LM: Listeria
monocytogenes, VP: Vibrio parahaemolyticus.

2) Az 24 o252l biogenic amine $FaF

(E 56. ¢4 starter® H 83 QA ojAlE) e War|7t = oyl 3 W3}

¢ o)
(e
i)
<)
v

Biogenic amines (mg/kg)

Day
Trp? Phe Put His Tyr Spd Spm
0 NR 2012 ND 15,89 * ND ND ND
3 ND 1o3l = ND 122 ND ND ND
6 ND 1o8e = ND 1819 ND ND ND
9 ND 18,28 ND 203 ND ND ND
12 ND 18,10 = ND 22,08 ND ND ND
15 ND 2135 ND 20,00 * ND ND ND
18 ND 28431 * ND 33,20 % ND ND ND
21 ND 23,10 % ND 3288 * ND ND ND
24 ND 2R ND 328 * ND ND ND

¢ Trp: tryptamine, Phe: B -phenylethylamine, Put: putrescine, His: histamine, Tyr: tyramine,
Spd spermidine, Spm: spermine

"ND: Not detected (amine level is less than 0.1 mg/kg)

‘Mean =+ standard deviation.

starterE # &3t A X3 Ao E HPLCE 5

3l
. 56 3 2ot 1 A3 p-phenylethylamineo] H+ 33
B e 2450 mg/kgS YERAL, OE ollES AEHA & 7}4\% gl
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() 4 starter FRFES 2 L3 o] F5AA
D Az3k 2ol At 2t

(E 57, 9% 2BHE FRFL HEF ogolAae] BsAA AT
Control A-20 B-1 B-10
Flavor
acceptance 4.11 + 0.05 6.87 £ 0.15 7.05 + 0.03 6.18 = 0.14
Flavor of acidity 4.16 + 0.05 5.24 £ 0.32 5.60 £ 0.39 4.28 + 0.82
Flavor of moldy 4.35 + 0.03 4.45 + 0.20 3.30 £ 0.12 4.00 = 0.27
Taste acceptance 420 £ 0.12 5.41 + 0.67 6.16 + 0.08 5.80 + 0.21
Taste of acidity 4.22 + 0.59 532 £ 0.12 5.86 + 0.02 4.85 + 0.37
Taste of moldy 3.55 £ 0.13 3.52 + 0.24 2.28 + 0.37 3.42 + 0.25
Taste of green 430 £ 0.12 3.28 £ 0.91 2.20 + 0.05 2.59 + 0.18
Color acceptance 5.40 + 0.29 5.39 + 0.15 6.31 £ 0.07 6.00 £ 0.02
Overall
acceptance 527 + 0.14 6.21 + 0.10 6.89 + 0.16 5.33 + 0.58
FYHQ WHEEo|A B-1 7 A§T 245t e HPF L thxPo] w24
Bhgth E@ egojdse] Ful F Fa@ AnE AATWANZ 0N B B
425 YEAD A-21, B-10 #F5 H &3 A48 A9 247 HIHA] 5.3, 4.98 UE
. e Bl 278 A8 ARAE B7hY 598 Ve, ¢ YEAME BE A
AT L dzTol vE B-1 #FE A4 AR/ £ W5E GRS BU opue A
Hel | ZEAE B etk =8 vdge @ 12X FEr AALEAZ 2 H oI5
of Hla} k= BIE7E A uj A o] AT
AEACE #5HIE A3 B-1 #F5 AEste AN E AT A5 LHAY VEx
WEI FAY FALS 2 oA NAE AXY F Ue Ao AnAn

ogoidslel ] AEE Fe@FF AR 1 mE Al As ARYoznE 35 FFE 1
AHOR PRSI, TLC A4 EAT B T MIEAN CABA EAE A ek
o webd FEBA 9 A A4Fol 5% B-1 #FE AT staterz AT
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CE 58. @AolHel $4 T Eel@re] GABA F AFEA A
Strains GABA (mM)
A-20 N.D
B-1 N.D
B-20 N.D

7. 7FAtm] - W - @A LY HAdE, FAsaA F4

AR g

O A=

B Aol Aol Az ARE-gE 7FAMH|(Verasper moseri Jordan et Gilberw)e} A oj= 75
FAAF A AAE EVIAE Fete] AFESETE Y A(Salt, Haepyo, Gangneung), i3=7}
F(Red paper, Nonghyup, Gangneung), "} (Garlic, Nonghyup, Gangneung), MSG (Monosodium
glutamate, Daesang, Seoul), A§7(Nonghyup, Gangneung), F(Nonghyup, Gangneung), %
(Nonghyup, Gangneung)& 354 &4 ¢ StYEvIEA 72t st A&t
FZo AFEH HA2AA E(Choroc, Gangneung), =~ =Z-Z2]2~(Choroc, Gangneung)= 745 Al
2A 2EFvLS, FFo]wH(Fucoidan, MSC, Yangsan), o}zZu o}l z](Aronia berry, Nonghyup,
Gangneung)e} 15w o](Wasabi, Nonghyup, Gangneung)= 4S54 &4 FF 3HUZulEA
TAEATE FEo ALE & E o ekE 99.5%(Ethanol, Daejung, Siheung)S Fwjsle] AF&3}
At

Q) 7}Am A S A=

AAF E7A0 Y AYAS AEYH] 20%S H71ete] 24 h 9 T 7320 2-33] A H Z 1
h &43le] 71An 89 95 4.60%2 9E & 1E7HF 16.80%, vHE 7.21%, Y 2.96%, A
7 3.70%, F 10.12%, &% 13.72% H71ste] &71d AAsta Ui 4= 15 €, 54713
149 TF HA5te Az Atk S0l 4aD s 2tte AANRA dHeFE
ES 10,000 mg/L w2 At 7pApu| s FA div] 0.5% 53k Al s

3) 2423 A=

Wt ES AA F AZXARAXD) J=2 2A B eFol%o] ALPS B
20%E A7F8kel 12 h 9 & 7jFol 2-38) MH F 1 h g5he] 2golge] YEE S
2 9E F DEIE % vbs 2%, V1Y 2%, A7 1%, ¥ 61%, 5% 8% Wristel g7l

@ QA FEAE Az

u, Z2EE 2, ofZYo g, FHo|d T & 70% olgkEol 1.5 (sample:ogh&) H&= wyk
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% sonication (JAC4020, Kodo, Hwaseong, Korea)S ©]-&3te] 50ColA 1 h 229F&S 3%

F=3% 15 (sample:&-&) &H S g Hste] ARg AHS 325 FFLE7] (R200A,
Buchi, Flawil, Switzerland)& 50C oAl s Sste] odgbgo] ¢k S & w7px F3HA171
}.

(5) Paper disctHS o] &3¢t &4 Test

Aol thek &8 =4S Paper disc methodsE o] &3tAth Z #F 1 WFolE FHsko 10
mLe] Lactose brothell H&E3sFar 30-37ColAl 48 h wjste] SASAIATG. o] SAHH H+5
100 puLE Lactose agar HjA|o =23ttt o] F=H paper disc (8.0mm, Advantec, Toyo
Roshi Kaisha, Ltd., Tokyo, Japan)~ WA flel] S8 TEEE AT ASE 2 FFAAA
24 h ¢ wldsldtt. 1 % disc 912 inhibition zone2] & A (mm)E =4 3%t}

Table 1. Indicator strains and growth condition

Indicator strains Media Temp(*C)
Gram Staphylococcus aureus ATCC 144458 LB 37
@ Listeria monocytogenes ATCC 19111 LB 30
Bacillus cereus ATCC 14579 LB 30
Gram Escherichia coli ATCC 25922 LB 37
(=) Salmonella typhimurium KCTC 1925 NA 37

6) T Z99s FF A

T ZYdlE &S Tawada 51D WHS L7 AP st v FFedoh. 449 F&=
S 10 ppme FEE WE & AlE 04 mLol =%F< 3 mL, Folin-Ciocalteu reagent
(Sigma-Aldrich, St. Louis, Mo, USA) 0.2 mL& Y2 3‘? saturated sodium carbonate 0.4 mLE
HA7beled &3 &, Ao 1 h XS HA EFF=A (JP/V-550, Jasco, Tokyo, Janpan)E
0]4‘—16}04 725 nmolA FFES %Xéﬁ}@‘ﬁ}. Gallic acidE ©o]&3 EF342 Gallic acid
Fo 5o HFFE7F 0, 10, 20, 40, 60, 100, and 150 mg/L &o] H=E
5 ZAsta 0]% dAF FHsle] Qo & whHoE 725 nmollA FFE=E A5t A4kst
At FEEY F ZYHE FHS IFAFHOEREYH dod F EEd= ?"’u%"% A4kt

= EE}P_;O]EL Moreno & (12)¢] Wl wet F&FE 0.5 mLol 10% aluminum nitrate
(Daejung, Siheung, Korea) 0.1 mL, 1 M potassium acetate (Daejung, Siheung) 0.1 mL %
ethanol 4.3 mLE A2 718t Eg3stal A294 40 min A X T 415 nmolA F3F %=
E SAsF¥ . Quercetin (Sigma- Aldnch)e EFE2Z 319 0-100 pg/ml 55 HHANA
o0zl F HAFAHCERE FE59 T SR FFS ALttt

(8) DPPH radical 2415 &4
AAF% (electron donating ability, EDA)2 Ozgen 5 (13) ol wre} A3ttt 2 A
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-—

5 &9 100 mLel 015 mM o&&E A3 22-diphenyl-2-picrythydrazyl (DPPH,
Sigma-Aldrich) €<} 100 mL 3. RS % 30 min Wx|gF 517 nmol A FFE=E SAHSII T
AAEFA S AREde Hrtay FH7NY &%
gallic acid& AH&3FAth

H‘l

#% OD.2= YeUyAY. dExTo=2E

9 = ¥ pH &4

A T 7R 9] vAE FHaE AR 10 god HEFAdESs 90 mLE &3 Eske] 10
oz FMstHT. Zhzte] sl 1 mLE Z+7+¢] 3M Petrifilm Aerobic Count Plate (3M, St.
Paul, MN, USA)°| HZE3 TS 37CoA 48 h wjekste] FAE colonyE AZ3ste A& gd
colony forming units (CFU/@E Yetdidth. pH A2 A8 5 g& FH3A S/ 45 mLE 7}
s @2 3}A171 3 pH meter (S-20K, Mettler Toledo, Greifensee, Switzerland)Z =43} t}.

Of

(10) AP AF71EA&(VBN) & =3

A A7 A A(VBN)E] ke sk 7lxju]| 28] & AL8-3Fe] Conway unitS AR8-3k= Micro
Diffusion Method (1)Z A& 2 g°ﬂ 20% trichloroacetic acid&<} 2 mLe} S/ 16 mLE &
23k F HomogenizerZ vl 3 o 3}3}e] conwayell U4 F 37ColA 80 min W % 0.01 M
HCLE AA st ZAstATH

(1D ot =efd A FqF =3

ofu| e A4 FEF-e Sorensen (KOKC, 1997) Ao g =AUtk AR 10 g2 Hslod =
F<100 mLE &3tsla v & Sonicationol 4] 30min #+2&3 % pH meter (Mettler Toledo,
SevenEasy pH, Switzerland)e]-&3to] 0.1 N NaOHE 7}3}e] pH8.4E 9& & FA formalin 20
mLE 7} & ©Al 0.1 N NaOHE 7}8}od pH8.40l 2 HAA S o] 83t oln e @4 &
F= =Skt

ml

(12) Biogenic amines & 4]

BA AES F&37] 98] A& 5 goll 0.IN HCIS 25 mL 23] ¥HE F&3le] A5 ImLE
#3sle] 1% dansyl chloride 2 mLol Z3ehalGEF 0.5mL, WHEEZEEY 100 pg/mL 0.1mLE
H7Vste] sty 45T oA 5083 F=A8tsE T =48 & 0.1 N Ammonia waterdE
0.1 mL H7}std dansyl chlorideE A A3t 0.45 umE A#A3F AS AFEH o= AT
¥FE o F histamine, tyramine, cadaverine, putrescineS TFY3F] ALEEIN T, olBAS
HPLCH Acetonitrile s F+Y3t A-&3t T

(13) FAEA

A A g BAZA #o0A HAALS Statistical Packages for Social Science (SPSS
Statistics 18, Chicago, IL, USA)E °]-&-3}o] Duncan’ s multiple range testZ F2+F 5% ©]u
(P<0.05)Z ZF Hgkol ok fold ZolE ZAEET HolH+= 2 AdX o] A4 2=
A2 YeEr AT
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D g % A=t g Paper disc &4 &<l

gat, Faksidol Hojuthe AALAR] E, Z2E 2, ofE Yot g, %E ks, FEOIE, &
A4k, 716, 1B, 7 E&E Ay, oA, opbAlobE FE o] Wi tidT B AEs

ol tigk A< paper disc M o]&ste] Rl Hdth FEEE ethanol, chloroform,
water 2 o] 83l FEAHES FE3F] 47 testst 7*‘4?— Table.1 o YeEFHATE. wateroll
T2 ARAAE BE AR 72 ol g Aol bR Fsktk =3 ethanol
2 chloroformo| = @& &gF&Ado] YRR kA nl, T2 Z g2~ A ethanol FE ol B.
cereus®] 14mm, S. aureus 15mm, L. monocytogenes 12mm, chloroform FZ<§¢j| B. cereusl
14mm, S aureusel] 13mm, A= ASA N7} YElGth SnlsE$ ethanol FEHAE G734
o] YEelA 9kA|Th, chloroform &A= B. cereus, S. aureusol Z+z} 22mm, 15mm %
=9 a0 Yelth =3 of2 Yol g oA = chloroform FEHM = ZE FolA A
< Xiﬁﬂ“sh‘:— g o]l YJebA] sk, ethanol F& oA Salmonella typhiol] 15mm %

do] ettt UM A AlgoAe oda g Ee &}t oA FaEAdo] o
E}b‘rxl gt olgld AF=s Aol Wi Az e FrHHd AFE Fke key
compounds =&F3|Uo] AEHAFHFARZA ol g 7Ms stelet AsE
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Table 1. HAAAA F718l FFE2 paper discH< ©]&3 4 test

(Unit: mm)
Diameter(mm) of inhibitory clear zone
1 Salmonella L. .
sampie B. cereus S. aureus ] E. coli
typli. monocytogenes
Control * * % ¥ %
(Ethanol) N.D N.D N.D N.D N.D
% * * * * *
(chloroform) N.D N.D N.D N.D N.D
% * * * * *
(Ethanol) N.D N.D N.D N.D N.D
Propolis * X %
(chloroform) 14 13 N.D N.D N.D
Propolis * %
(Ethanol) 14 15 N.D 12 ND
Fv)s * * *
(chloroform) 2 15 N.D N.D N.D
Zuls . i . . .
(Ethanol) N.D N.D N.D N.D N.D
SETEpSIE . ) ) * *
(chloroform) N.D N.D N.D N.D N.D
ol Z U o}H g " N 15 R i
(Ethanol) N.D N.D N.D N.D
_Yf—io]% * * * * *
(chloroform) N.D N.D N.D N.D N.D
Eo|gh . . i . .
(Ethanol) N.D N.D N.D N.D N.D
7]}1:4— * * * * *
(Ethanol) N.D N.D N.D N.D N.D
7] Eﬂ' * * * * *
(Ethanol) N.D N.D N.D N.D N.D
&4k p . X . .
(Ethanol) N.D N.D N.D N.D N.D
7N EZY . * * * .
(Ethanol) N.D N.D N.D N.D N.D
IDARS] . . i} . .
(chloroform) N.D N.D N.D N.D N.D
9]—/\}-}:‘] * * * * *
(Ethanol) N.D N.D N.D N.D N.D
o}F} A o} & . . i . .
(Ethanol) N.D N.D N.D N.D N.D
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2 DPPH radical £2A% 3¢l
2 gbstAd o] Hojual ezl HAALRA F

o
o
i
o
=
>~
ol
il
X
i

of &, FIo|e, Juts, ZEEFF 2, ofZYoi g, ApHle] g AR S gl skt
ZEdE @ ZgRwo|== phenolic hydroxylg 270 o] zta e WIS FIgEZ 7
= v A E FIAT A, T, Ak dEEAdT 2 YRR Tses e E
A2 RyEy Jil5,16). B HAFoE ethanolFEFES o] &3t 7o ZHHsdd, =2

wolxde DPPH radical £2A%E Table 2o Uelfidch A719F SFAAHTG 7o)
CONtrol2& RE E&F2E 3o o] &3 95% oSS ARy on, B T2 Z gl
2T o2 ARESEATH 22t #, ZEEE 2, IFYo], ofEY o], 3ot daEFE
H-& 1000 ppmeZ 34 ste] 517 nmoll A 3333 =A (JP/V-550, Jasco, Tokyo, Janpan)Z =4

St Ay BoA= ZEdssEo] 058 pg/ml 7HE ol yehgta, S Fo|d T=3F 500 4
g/mL olst2 YA el 13Yo] dee&FEEdA s Egdse] AZFHA LUtk o]
e 7)o FFAAAHAA AFEF Ui ASAAZE e, of2 Yol gl= 6120 u
gimL 7183 ZEE e 9118 wgmlE 7HE 52 EHAsTd S el A& de
BEEXFo Qe TR EolE IA HT @ AFolA #3A 1 Yt FolA s IRk olE
kol control® ot RA UEb} A EASHA] v Ao E UEytow 1Fyo] EIF FEtR
woluryl AEHA &t THo|GS ZgtHole dheko] 151.28 ug/mL AEE UERGAL,
Zg =0 B39, of2yomglel 22825 ZHZ; 197.00 pg/mL, 457.09 xg/mLz &
SHE ol FEFS YEREEH, I FolAE ZY2rt 453 58 EFPgHxolE §FHS
UelATh Azgose &aksl 2o tgF 2 o2 2ol= Ho|th, DPPHE 43348 =
Ast7] f% 1A= AEHA, HE, EgExolEe 2 Hesd EE i 34kE
Axga dHA dom, fE guZe AAE FAst A F T AWAEE AAstL
U =35 AT = FEE 39 2+ FEFE2] DPPH radical &7 %2 Table 33 2o z+zt
9] FEES 100 ppmeZ ethanol 99.5%5 ©|&3lo] 3|43ste] A3} Th. Fo A= control
Xt} DPPH radical 24 %°] ©f YA vetyon, 2337t Ao Qe Aoz 32t
olo] whal] T EE g X ethanol =99 DPPH radical £2A4%& 0.65 O.D.8 =& 343 47
T= UERS ARHow ZEEE|xd bstgAdo] 7H Holyted, ol¢t o] =2 E
g7t gekd AEEA S 7HAE F3H ol cinnamic acid®} cafferic acids esterE ®] &3
B FgErolEo o Ao E YFHJUTL st WEH FARE AFAE HAZITATD).

JZi
N 9 oo
Lo
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Table 2. The contents of total phenol, and DPPH free radical scavenging activity

Diameter(mm) of inhibitory clear zone

sample

Polyphenol(ug/mL) Fravonoid(ug/mL) DPPH radical

oo 0.10+0,04° 0.10+0.01° 2.380.00°
o 0.58-0.04° 0.000.00° 2.46+0.00/
Pt 91.18++1.35¢ 457.09+2.67° 0.65+0.00"
ke 13.65+0.13 162,28+ 1.81° 0.38+0.00"
SrEer 61.20+1.63° 197.00+10.54¢ 0.35+0.00°
Faere 4.09+0.13" 151.28+1.81¢ 2.30+0.00°
o 2.60+0.13" 60.69+2.17" 2.39-0.00¢
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(3 7HAm Asfol 2g3 AAd, FASEAE o) & A A
b 7kAE 2 s o] A% pH Hs}

kg, ¥, ofZYolug], nFo], Z2EY A FTFo|d ek
Zk7r A7hshe] 147k F 15 ColA 159 AA71xF ¢ pH WshE Table 33 2 o
PR o8 b A FE pH 5 o3yt HW ofF et tEo] Frlo] ofdE
Jgste] AFAdel gloka Baxo] qok18). A4 3YARE 2 Al
2ol 7b UEbstth controldl ogheS H7HE ZhAbmAsie] pH 7b 5.992 7bg wgron, gE
A A= 6.00-6.082 pH 7kl FolAl ztolE YERHAOY, FX4 & Aols UERUA
X AR 9L HE AR 15471A] 2P s, SR o|=%3Fo] &1, DPPH radical &4 %
o] 7} EJd T2 Z gl 2~9] pH W7} 6.04014 5392 71 A vEla, F ARZ E9%
© ol2Yoelw ]z} 6.06914 5322 A2 pH o WsE Yelldth F3old =g A4 15¢
7bA 6.000014 53022 ofzyotulzi el fo]HQl xfol7b vbebubA]l &3k, control, &, ILF
olol = pH W37} g2 A5 Hlsle ZA Yelgth ooz & u, gistdydo] &
ANEEA e pH HstE Yell=d, 348t Z8o] Fajdolu f714kES oAste] e
T GO E AsHT

=4
=P

2

>

Table 3. Changes of pH of the flounder sikhae during storage at 15C for 15 days

(pH)
Storage days
Sample

3 6 9 12 15
Control a d a a a

+ + + +
(70% ethanol) 5.99+0.00 6.09+0.00 5.34+0.01 5.16+0.02 4.53+0.01
Honey 6.05=+0.00¢ 5.82+0.01* 5.75+0.00P 5.58+0.01° 4.98+0.01°
Aronia berry  6.06+0.01¢ 6.07£0.01 5.97+0.00¢ 5.77+0.04° 5.32+0.00¢
Wasabi 6.08 =0.00° 6.03+0.01° 5.87+0.02° 5.75+0.02° 5.04+0.00°
Propolis 6.04+0.00° 6.06+0.00% 5.85+0.00° 5.85+0.00¢ 5.39+0.00°
Fucoidan 6.00+0.00P 5.96+0.02° 6.03+0.01¢ 5.82+0.01¢ 5.30+0.00¢

“d\eans with different letters in the same column are significantly different (/X0.05) by
Duncan’s multiple range test.
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() 7hAm sl o A4 5 VBN &Fe] W)

N2 A 7= o8 & A7t AstEd o U JIAE T Ad G| 43}, oF F
of EA3t= AA as AT Fgo 98] TMAO (trimethylamineoxide)7} 3= o] A
¥ = TMA (trimethylamine) 52 A5 f|714=29 A3, Ao S4 s Tiizdo] F3f
Hol AAEHE dEYol A4 Tl o5 A7 EAL (VBN)E] o] FrlstAl Aok ARk
Hog 243 ojsj /o] Sel= VBNo| mE Ffo] oy o F Azte] AAEFE F
7tete Ao® Hauso]l VBN SH L ojd 7o A=adAgHoz de o]&H i UArk19).

15C A A 1569 &<k 7FAr| 48] e] VBN &2 Table 49 Ao AAFEES 5+ %
A% 3LFE AlZZEe] VBN ¢HFel 12219l Zpol7t vebgtt. 3L At ogh&3t Fell A 2t
17.57, 17.23 mg/100 g2 7} =4 Yelsg o, A& 15U A7 % =2 30.28-30.37 mg/100
g AR & NS H& w2 FHFS et R ofZ Yot ], ofAH], T2 E
2, 3otk 7} shAm Aol A controld Bl s B wl, RogA] &35 et o=
Yo g], 1153y o], SIS AA 15¢ o VBN 2 ZHzf 27.99, 26.24, 25.46 mg/100 go
2 AZY Fo4) Aol= yEhA skt T FollA = pH oA o Axke} wixlrbA 2 pH
W7l 71 AAY, ZE2Ee A AR 15Y7HA = 24.73 mg/100 ge.&2 714 w2 VBN ¥
FS Uetdlen, ol BHAdARAE e dFaFget & dstFgdom QI Zlo=w
AR E T

Table 4. Changes of VBN of the flounder sikhae during storage at 15C for 15 days

(mg/100g)
Storage days
Sample
3 6 9 12 15
Control 1757+1.11°  18.02+0.41*  19.51+0.39°  25.02+0.08°  30.28+0.22°
(70% ethanol)
Honey 17.23+0.84°  19.19+0.53°  21.52+0.04°  26.18+0.58°  30.37+0.16°
Aronia berry  14.52+1.90°  15.72+0.71*  19.23+0.33° 21.12+0.16*°  27.99+0.17°
Wasabi 14.85+0.75®  15.65+0.64*  17.43+0.19° 21.15+0.31*  26.24+0.32°
Propolis 13.66+1.06  16.97+0.76®°  17.994+0.63*  22.39+1.68"°  24.73+0.55
Fucoidan 15.06+0.762°  1594+1.12*  21.65+1.14° 23.56+1.35° 25.46+0.85"

““Means with different letters in the same column are significantly different (P<0.05) by

Duncan’s multiple range test.
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(th 7EmAE) o] A% F Fre] W
A Aol AR F Fge] wWiles Table 53 2o zZbzbe] AlgE 39x74A 10 °
CFU/ge.2 A m3te] Fv79 Aole A UehA &t A 6YAFE 15YA7HA] Als
kel oAl zbol7b YEb Y] AR, T F Al JHE EUd, ZEEY~VF AR
1590 1.81x10 7 CFU/ge.2 714 %o 742 Jehgleh Controle 6.24x10 ° CFU/g
o= M e TETE UEUdeH, S H7HE AW A s =9 controld Ao HI %
FFo FFFE YT Z2Z g ~H7) 9 AREE control# B<=3 10 ® CFU/gS
EFSl oy ofzte] Fde] ZHAE UERATH o]F o E ol iksEAdo] M w1
cereus, S. aureus, L. monocytogenes WA rol] tha FFEo] 9

ol 71 =2 AoE AsET AT T2 E x| FaES

of

Ll

%0
o
[
fr
i
k)
[>
N
X
ol

N

1, 7hAm el o] o2 TR/ mAd=e ek o] ofy”] T
tad o2 A4 el keycompaoundZ @4 A& 4 ok FHEA AFE F
ForodA 9 AP keycompaound-S Zrolujop =

ot

rok

Table 5. Changes of total viable cell of the flounder sikhae during storage at 15C for 15
days.
(Unit : CFU/g)

Storage days

Sample
3 6 9 12 15
Control 6 7 7 8 8
(70% ethanoD) 5.31 %10 4.47x10 6.31x10 2.27x10 6.24 %10
Honey 6.12x 10° 1.75x 107 5.20 % 107 7.21x 107 5.28 < 108
Aronia berry 3.22x 10° 7.81x10° 3.80x 107 3.21x 107 1.52x 108
Wasabi 3.28 % 10° 6.90 < 10° 1.65x 107 5.21 %107 1.66 < 10°
Propolis 2.24 % 108 4.05 % 10° 8.25 x 106 2.81x 107 1.81x 107
Fucoidan 4.22x10° 6.15 % 10" 3.15 % 10’ 3.21x 10’ 4.05% 108
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(@ 7rAm A o] A F ol e A A §HEFo
ZbAE A s o] 15C AR T ol e 4 FhEFe
Bl A A e 254.79-265.07mg/100g 0.2 A 53HE]
O = oin|Ejd A FFE HolE L Bol
zko] & Hlaslr]of ofEFo] YU
oflA Wt T4
293-307mg/100g 2.2 control 322.84mg/100gel H]

A9d

ZZE g,

B FEe ol AR T A Ae F

Table 6. Changes of Amino-N of the flounder sikhae during storage for 15 days

o=
—=

kAR ofn
ohz

|

[e)
a
= A%

o

]‘

5}
|

O

Y

3}+= Table 63 2t}
o]AQl ztol= YEYA 4T
| o Ax7F ZA e FeE <l
stere] 2712 2 uw VBN¥ pH

. F3o|go]

A %

%7) 393 opvlie

A=

15Y 7R =

o opn A4 S Uelhgol A%

Cl!
& AU

Sample

Storage days

3 6 9 12 15
Control 265.07+24.36  270.68+10.21  267.71+10.91 ) )
(70% ethanol) . , N 296.16+2.58 322.84+9.88
Honey 269.12+0.99°  268.53+7.49"  267.73+4.23%  278.08+7.70°  299.03+4.64"
Aronia berry  262.87+4.69°  249.63+0.87°  268.64+9.06°  288.27+4.86  293.18+1.62¢
Wasabi 254.79+5.13  260.43+8.24°*  281.80+7.37°  277.85+2.97°  311.53+5.13¢
Propolis 259.17+8.97  263.02+5.21%  261.20+4.85°  280.79-+0.78*  307.81+2.15"
. 300.16+0.65
Fucoidan 263.57+6.38°  262.55+3.49%"  269.07+6.97"  294.02+0.76°

abc
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(mh 7FAm As) o] A& = Biogenic amine 3F#o] w3}
ZhAE A E o] <A & 159 37F 15T ol A1) Biogenic amine 9] W3S &l 15Uz
Base] ®3st= 719 UehA ekt 27] S| 2B B9 e A RA Ao HES &4ske
=z

M, A BIAAHAE $2 o s|zRl FFE UErSdth & Base| @2 27
0.27-0.32 =5 Yellilen, A RIAANMAE ve 22 dFS delldn. ol A
F71700] 2 BAZ AN AT WHEIE IA YEhA ot vlwstet o o] A
th ol & Hest ARV B AAE GAlstY F7HHR] B Aol Basta, Hsjol ik

Base| 71Zo] mhelslol 94 ¥gom Ay Ee EEsst Ba @ Ao Amdh
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(E1-1. A7t ZF 710218 2] Biogenic amine &)

(mg/100g)
Sample Butan Cadaverine  Histamine Tyramine Total
Control
(70% ethanol) 0.06 0.09 0.00 0.17 0.32
Honey 0.03 0.07 0.00 0.18 0.28
3 Aronia berry 0.04 0.09 0.00 0.16 0.29
Wasabi 0.04 0.10 0.06 0.17 0.37
Propolis 0.05 0.08 0.00 0.14 0.27
Fucoidan 0.10 0.08 0.00 0.17 0.35
Control
(70% ethanol) 0.16 0.17 0.00 0.24 0.57
Honey 0.11 0.21 0.00 0.00 0.32
6 Aronia berry 0.19 0.16 0.00 0.00 0.35
Wasabi 0.16 0.17 0.00 0.00 0.33
Propolis 0.18 0.16 0.00 0.00 0.34
Fucoidan 0.16 0.18 0.00 0.00 0.34
Control
. (70% ethanol) 0.16 0.16 0.00 0.00 0.32
2 Honey 0.13 0.18 0.00 0.00 0.31
7°] 9 Aronia berry 0.18 0.16 0.00 0.00 0.34
- Wasabi 0.17 0.17 0.00 0.00 0.34
= Propolis 0.19 0.16 0.00 0.00 0.35
Fucoidan 0.27 0.26 0.42 0.39 1.34
Control
(70% ethanol) 0.08 0.05 0.04 0.15 0.32
Honey 0.08 0.07 0.08 0.13 0.35
12 Aronia berry 0.04 0.06 0.00 0.08 0.17
Wasabi 0.06 0.07 0.00 0.09 0.22
Propolis 0.07 0.05 0.00 0.00 0.13
Fucoidan 0.07 0.07 0.00 0.10 0.24
Control
(70% ethanol) 0.00 0.02 0.07 0.10 0.19
Honey 0.00 0.00 0.00 0.00 0.00
15 Aronia berry 0.00 0.00 0.00 0.04 0.04
Wasabi 0.00 0.00 0.00 0.06 0.06
Propolis 0.00 0.00 0.00 0.04 0.04
Fucoidan 0.00 0.01 0.09 0.08 0.18
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b 2 o

2 AFddAE &, ofZYoldlg, 1Fo], ZEEE A, FIo|T JdeE FEEo g &
-G48 85 A A Ao FEES HUHE S W YEhve AR WSt oSk
gls] Btk I AdE v 2o E FEEEIST 9 ZEEZY: dEs FEES
B cereus, S aureus, L. monocytogenesoll Xl AASA &7} e, sy SR ol=9)
2o atstEdol 447t 9118 wg/ml, 457.09 pg/mL 7HE @l o+t % g e

24ES vt =28 AZAZNAAE A 15974 pHASIE 6.04-5.392 71 2o,
VBN 24.73 mg/100g 2 Fw7kA 7Hd @A vdEu 7bE e A8 S YERIH
ooz E uf, §AHH uﬂd A 9D s spxpu| Al o] A 2 e
e AoE FadEn. of2Yoldg, 1Yol F3o|dol|A HEZF controld Hlus] E of
A axrt el skR| v ok 2ot gl A Salmonella typhimurium o)A diE o)
Ehton, Zuwsadd U ZelHicolmgaFo] Zh7 61.20, 197.00 pg/mLE, 13
ol H]s| i“:% e Uetdd=d A% 15%_177}Z]«l pH W 3}9} VBNE&

Hlal 243k éﬂr o2 & AolE YEHA Ut o]ACE Hol Pt B gL

A

o
2
>1‘E
ox M ot £

N,

2%

£

2

e ™ %

o> N
o X o Jo M Ay

o

o

b A48 e A4 5 pH ¥3t

A 59 & 15C oA Ao s e pHHSIE Table 19 YehAH. A 3LA7HA] A&
ko] pHELel Wsto] FoHl Aol WEIUA FUTh A 4L AHFE A 83T #Fol 2l &
o7} etyr] AARl=H Z2EY 27t 6,128 7MY £ pHE WEbl e, T Wt =3
& AEso Hlgte @ S el AT AR & AlRE2 control# o] ARl Aol &
YER A ettt A 5P HA] Z2F ]2 pHYF 6.2002 A9 Wyl gy A=ZwAk
o] pH7}F 4772 7} @ FAE UE e, & A EES control®th W& pHE S e
Wolok. 7hAm A sl ef mpxrt A2 22 Ee vt A T Ao 48l e] pH¥HSLe AAI7F 744
Z AL E AU
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Table 1. Changes of pH value of the squid sikhae during storage for 15 days

(mg/100g)

sample : 5 Storagge days ; -
(miogﬁml) 6.25£0.00°  6.26£0.00"  6.25£0.00°  6.23£001°  6.02+0.02°
Honey 6.26£0.00°  6.22£0.00"  6.26£0.02"  6.07£0.01°  593=0.00°
Aronia berry  6.22+0.00"  6.22+0.00°  6.23+0.01'  6.02+0.00'  5.72:0.02¢
Wasabi 6.25+0.00°  6.23+000"  6.23+0.00°  6.12+0.00  5.66=0.00"
Propolis 6.26+0.020 6234001’  6.24+0.00°  6.24+0.00°  6.20%0.00’
Fucoidan  6.24+0.00*  6.26£0.03"  6.23£001’  6.24£0.00°  5.73%0.00°
cEWA 60320020 57310000 582+0.02° 5474000  4.77+0.00"
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h o4l 44 F VBNEHe| wsl

15C ol A A xw 597F 2 o8] VBN Wal= Table 29 2tk AA 2037}
A ARERe fAA Aols s vsin @iin, VENERS Bt o1 ad se
fgwi =89l é\_i‘ﬂ ,_Pol 593} 9.30mg/100go.2 71 E& AR S JERUY. Z2Egs
w3t AR 5Ute] 11.09mg/100go 2 AZHIA oz & HAANL Yehygon, ofzy
opv 2] &} Flolek HA] controlel ®Iste] W VBN S UeRlATh AR Zﬁﬂﬂoi
control? ®luwd] & ) FAFOEE & Aol YEUA 7] wjEo] FUEEQ] a7 2
3 Roz Az}
Table 2. Changes of VBN value of the squid sikhae during storage for 15 days
(mg/100g)
Storage days
Sample 1 5 3 1 5
Control 8.04+0.09 , . . .
(70% ethanol) e 9.76 £0.19 11.08+3.68 13.84+0.18 15.03+0.66
Honey 7.05+0.33" 9.79+0.48" 12.08+£3.75%  13.88+1.11¢  16.04+0.16¢
Aronia berry  8.60+0.58" 9.55+0.60" 10.89+£0.68°  10.68+0.37¢  13.00%+0.11°
. 7.83+0.25
Wasabi e 9.84+0.88" 10.57+0.90°  10.90+0.12¢  13.44+0.77¢
Propolis 9.00+1.13¢ 8.09+0.37¢ 8.75+1.78° 9.54+1.50° 11.09+0.39°
. 7.81+0.24
Fucoidan . 9.12+0.64 10.71+2.51¢ 11.00+£1.04¢  13.84+0.46°
EAR=R7] EA, 7.47+0.02*  8.29+0.33° 8.65+2.92¢ 8.86+0.17¢ 9.30+3.46°
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(th 2ol sle] A F obrlr)da Fepel W
15C A AA 192714 G714k 22 =
olu| e & A zﬂ-atg L]—E]—lﬂ o},
ol 2 WMEE UeA ggton, AR

HJ
i)
[>
L
N
,d
)
—

ZkzF 189.83, 186.59mg/100go. &2 7} W
e A7 71 7&23 SAANA BEABOAA ofm| e A A

o7 e gk

Table 3. Changes of Amino-N value of the squid sikhae during storage for 15 days

(mg/100g)
Storage days
Sample 1 5 3 1 5
Control 199.64+4.96 197.61+2.3 196.12+1.25 196.37+6.60 189.80+.351
(70% ethanol) be 31} e b a
190.27+1.8 191.95+2.06 194.18+2.73 192.06 +=6.82
Honey 189.83+2.27¢ g0 e , .
) 191.39£0.79 190.99+0.1 188.62+0.77 191.55+1.28 199.73+4.88
Aronia berry » o0 " , "
) 194.26+4.79 188.72+0.1 197.81+0.01 193.44+2.12 195.36+3.31
Was abl abe 6 a c b ab
) 188.78 0.9 180.44+0.05 179.44+1.29 195.35+3.76
Propolis 186.59+3.40" g J a ab
. 190.12+2.4 195.74+1.78 182.77+3.22 203.17+4.44
Fucoidan 201.23%6.70° g . a b
P 192.92+1.39 187.93+1.3 183.73+3.49 184.44+2.76 205.25+1.27
e abe 1a a a b
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(2h 2428 e] A7 F Biogenic amines ko] W3}
2oy 2ol 15ColA A% % biogenic amines $FaFe] Wal:= F 1-13 2o 1¥:A¢]
< control? Al87Fe] zole= A oy}t AA7|7ro] Eo]dE biogenic amines 3

ofN o

o

ot ol

7Hhe & F Aok 53] AR 1Akl A 293k Abolol| biogenic amines $HEFo] ofF 28 o4

7 AS & ¢ AATE histamine> A4 2GX7MA] Aol AEH A FUTh A 4L 2}l A

biogenic amines ¥&S B A 0.98mg/kg, TEZ T~ 0.95mg/kg, FFoltr 1.03mg/kg =

control 1.23mg/kg®th A U A& & 4 vk §H, &34 1.37mglkg, £2R14F 1.29mg/ke

< control®th £ S YENY. AA npAIHA7tA] Z2EYAE HUERE A o287}

0.27-1.17mg/kg©. 2 Biogenic amine o] W7} 71 Wgrom, oApn|el olZ joid|gl =

controlell Hla} @F& FFS UERH Ao 2 Yehdth o= VBNo|u ofn| e d 4 gHeFa Bln
e & w, HlgA oz ket A e Fuvl Jgo] E4E 52 ol e UEdTh
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(< 1-1 AA-ANTT = 2

7o 2] &l 2] Biogenic amine &>

(mg/100g)
Sample Butan Cadaverine Histamine Tyramine Total
(70(yco°g§}rlglnol) 0.06 0.09 0.00 0.17 0.32
Honey 0.03 0.07 0.00 0.18 0.28
Aronia berry 0.04 0.09 0.00 0.16 0.29
Wasabi 0.04 0.10 0.06 0.17 0.37
Propolis 0.05 0.08 0.00 0.14 0.27
Fucoidan 0.10 0.08 0.00 0.17 0.35
224k 0.00 0.09 0.00 0.35 0.44
ntrol
(70%Oe§hgnol) 0.20 0.19 0.00 0.39 0.79
Honey 0.20 0.19 0.00 0.47 0.85
Aronia berry 0.17 0.19 0.00 0.42 0.78
Wasabi 0.18 0.19 0.00 0.35 0.71
Propolis 0.17 0.19 0.00 0.32 0.68
Fucoidan 0.18 0.19 0.00 0.40 0.77
22 0.14 0.19 0.00 0.60 0.93
(70(5502%2%01) 0.26 0.20 0.00 0.71 117
A Honey 0.27 0.21 0.18 0.81 1.47
2F Aronia berry 0.16 0.20 0.19 0.72 1.26
7] Wasabi 0.20 0.20 0.19 0.54 113
s Propolis 0.20 0.18 0.00 0.56 0.94
Fucoidan 0.16 0.18 0.17 0.56 1.08
224t 0.15 0.19 0.18 0.77 1.29
(70,%02%3%01) 0.14 0.21 0.19 0.68 1.23
Honey 0.14 0.22 0.19 0.81 1.37
Aronia berry 0.14 0.20 0.19 0.67 1.19
Wasabi 0.09 0.22 0.00 0.67 0.98
Propolis 0.09 0.21 0.00 0.65 0.95
Fucoidan 0.14 0.19 0.19 0.51 1.03
222 0.14 0.20 0.18 0.78 1.29
(70(5502%2%01) 0.22 0.22 0.24 0.65 1.32
Honey 0.22 0.20 0.23 0.73 1.38
Aronia berry 0.19 0.20 0.21 0.88 1.48
Wasabi 0.21 0.21 0.22 0.83 1.47
Propolis 0.18 0.19 0.21 0.59 1.17
Fucoidan 0.20 0.22 0.00 0.92 1.34
2244t 0.19 0.23 0.00 0.81 1.24
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(mh oA o] AR F Fre] W

Ao 15T, 59 AR T Fd5 ¥Hste= H/HQ} 2o, 7] F99E 1.45%x10°CFU/g
o FHFE YA LH, AF 24714 BE 2o AF oA 10° CFU/ge.Z A Z3to|
Fol7b veb =] skth. A4 3YAH-H controlOH/H 1.85x107 CFU/ge.2 7} & F3
et Qla, 3ok =3k 1.75x107 CFU/ge. & controld B 423 £F9 275 e
o A wAEARR] 5L A T WEtE HH Z2E P27} 5.60x10°CFU/ge =
AEE 107-10° CFU/gel w8 2 FH+E YERAew VBNEHH, otv=ejdi &

,HT

of L& ) U o
e (R

=
7H Ekd A} vlas)] B oo, vEEs & & AT
(Unit : CFU/g)
A717HY)
Sample
0 1 2 3 4 5

Ak o A o] 2] 3) 1.45%10° 5.21x10° 8.32x10° 1.85x10" 7.21x107 2.27x108
NeFLH 7T e A o2 3| 1.45%10° 1.30x10% 5.00x10° 6.70x10° 7.75x10% 4.75x10°
SAAHTE e A o] 23| 1.45x10° 1.38x10° 6.55x10% 4.05x10° 4.35x107 5.85x107

ofzyotulZ| 7t LK 145x10° 9.55x10° 3.05x10° 8.20x10° 9.00x10° 3.90x107

VA P - RA S PR 1.45x10° 7.70x10° 2.85x10° 6.90x10°  3.90*x10"  5.00x10"
ZR2EY2HIE 245 1.45x10° 5.55x10° N.D 5.05x10° 7.45x10° 5.60x10°
T GHTE 24025 1.45x10° 7.20x10° 3.05x10° 5.90x10° 6.95x10° 5.30x10"
22T 27023 1.45x10° 1.25x10° 3.80x10° 1.75x10" 6.75x10" 7.60x10°

©) AAREA H7t &R0 so F5717 8% &<

Ob Az 3% WY

— o T

AgAgel e pH, 4, TBA, VBN#F, olulweld2ag3dos Fduss BIs,
de 47 AR ARelA AlAs
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(W) AR F Ao 3] 9] pHEte] W3}

15ColA 1297 2Ao)2ls o] pHHES el

=2 YeEglen,

F 1o AANsIT. 27 AxF 2o
AR T AAFH o R pHIY AAF A &)
H7} Z+zb 4.72, 4.860.82 243

A7ket AR TE 2 A o1 e p =]
OJX]E 7)4\—;_7 Sl & AT HARSAR] AF3 B 39kl pHZF 22 6.87, 7.032
2 W37l 71 Ao, A 1294k 7hA= pH7F 5.02, 5.160.= vlw & QFH A Q1 pHH S}
& Yehj otk A8 slnE FE@Ael /HInT RuselAsd fibdel dAsel auF
o] f714te]l Aol pH7tY th& AlRE0l HIsl & ZAS=E ALsHT
< 1 A7 T 24 o248 e] pHEre] Wsh
(pH)
Storage days
Sample 0 3 6 9 12
2AH7} 6.88+0.01% 4.72+0.00° 4.52+0.00% 4.51+0.09% 4.50+0.00°
vi'} 6.88+0.01% 5.15+0.01° 4.54+0.01° 4.39+0.00% 4.39+0.01*
QFAMH] 6.88+0.01% 4.86+0.01° 4.51+0.00% 4.43+0.00? 4.44+0.017
e 6.88+0.01% 6.87+0.001 5.88+0.001 4.97+0.00° 5.02+0.00°
2 g 6.88+0.01% 6.63+0.00° 5.15+0.01° 4.57+0.00° 4.49+0.00%
5] 5 6.88+0.01% 7.03+0.01° 6.58 £0.00° 5.25+0.01¢ 5.16+0.02"

adyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s
multiple range test.
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(M) AR7I1t T 230143l VBNIZFe| H3}

v

Ao Aol 7] VBNE#HLS 411 mg/100gS Vel o, AA7]|3to] G2 VBN H

=
o

< S7Fe T & 2004 BE AR 3YAEEH AIEIF VBNEEFS {FolF Q] Zpolrt yERRT
A AL @ AsE 854 mg/lo0ge® 1 e e Uehgon, FEs 2o
d+= 15.57 mg/100g= 7} %2 VBN ZHS et A% 6Ll = AR 7 Al Rl A
8.81 mg/100ge 2 7} A2 FFE Yeplidth stAN Aed Z2Eess A7 29.87
mg/100g, 26.42mg/100go. 2 FA3] VBNEIFo| Z7IstAth A4 vl 120 = A&7
Z2Ze)| 277 QA A8 7} 40.30, 33.47 mg/l00go. 2 FH7 A A KR} = VBNEHH
< Yehgglen, AZAdo]l FA Z2 ASE FRAHJG. M eEFEE MAE MU
Lo 8= 12.61 mg/100g 7Hd H& VBN EFS UHetdlen, Hojd ARZAES HoF
o} =3 {7kt Sl EFEE w3 Z17F 18.91, 19.99mg/100go. 2 A oj o] AAAH TS &

o
A & 5 A

32

E 2. A7 F oA olAsle] VBNIE] W

(mg/100g)
Storage days

Sample 0 3 6 9 12
2A47} 4.11+0.32° 15.57+0.61¢ 16.67+0.51° 18.11+0.38°  24.31+0.03¢
7} 4.11+0.32° 13.00£0.31% 14.97+0.29°  16.22+0.79  18.91+0.29"
Q}ALH] 4.11+0.32° 8.54+0.03 8.81+0.40° 10.85+0.10° 12.61+0.45°
A& 4.11+0.32° 11.15+0.12¢ 29.87£0.17° 34.58+0.71°  40.30+0.33"
T2 EYX 4.11+0.32° 13.59£0.44° 26.42+0.54¢ 30.58+0.707  33.47+0.27°
] H 411+0.32% 10.10+0.66" 9.27+0.11% 16.99+0.88° 19.99+0.18°

adyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s
multiple range test.

- 240 -



(D AR7I1L F 230143l TBA#S W3}

Z7] A= TBA#2 048 O/DE YeHAT A% 3LAfol] A &3te] FojA] Zfol= ye
Wou, AA7|Zre]l AGSTE BE AR TBAZe #&Ad AeolE UelhiA] &sdth =3
A 12 274A] 271 TBAZE | W37t Aol YA gttt
GE 3. A7 T Ao el o] TBAZFY] Wsh
(O/D)
Storage days
Sample 0 3 6 9 12
EA7} 0.48+0.00" 0.43+0.00% 0.44+.0.00° 0.45+0.00% 0.44+0.00*
w?} 0.48+0.00" 0.570.02° 0.57£0.07¢ 0.5340.02° 0.52+0.01*
Q}ALH] 0.48+0.00% 0.64+0.07 0.45+0.00% 0.44+0.02% 0.44+0.00%
e 0.48+0.00" 0.46+0.01* 0.44+0.01° 0.41+0.00* 0.52+0.11*
ZR2EY 0.48+0.00% 0.45+0.01* 0.63+0.18% 0.42+0.02% 0.47+0.05%
=] 0.48+0.00" 0.45+0.00* 0.49+0.04% 0.43+0.01% 0.42+0.03%

*dyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s
multiple range test.
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("h A2t F olmeAagFe] W

z7] oo A9 olv e A4S 151.63 mg/100gS YERH AT 45 HH A% 6Y
AE ARGS bl AsTEd FUH Holh Urhbdl AAREEIA 15842
mg/100go.2 7} & 3FS YeRAAL, AFFE=E0A 176.68 mg/lOO o7 7M& w& 3

FE Yepdidoh AR 129t = u}zwmi ABFEES H7ME oA A= 194.79
mg/100go.2 & FFE Yepddon, aFYololge FEE % A}h 165.98 mg/100go &
Mg we o dA FHS YEHe rﬂ oA A % TJH ALAE 3t
35 Yeldle Aoz AREY, VBN wslel nuws) & o, vzl d3s yeh)
Atk

GE 4 AR F Q14 H 9 oful e AsnGEe] W

(mg/100g)
Storage days

Sample 0 3 6 9 12
2H 7} 151.63+1.20°  162.06%1.50° 160.39+0.77°  169.37+0.69°  172.17+£4.40%
Trﬂ 151.63+1.20°  158.80+1.48° 158.424+4.03*  171.62+0.74>  179.08+2.24°
[ WARE) 151.63+1.20°  161.5646.85" 160.094+1.66°  162.994+1.97°  165.98+0.74°
A} 151.63+1.20°  165.55+2.44° 176.68+6.24c  187.88+1.15°  194.79+5.98°
X2 EZg 2~ 151.63+1.20° 164.12+2.57° 165.114+0.99"  171.324+0.19"  178.63+4.46"
3 H 151.63+1.20°  163.87+0.57° 170.30+£1.52>  171.08+0.84°  175.59+3.80"

*dyalues with different superscripts in the same row are significantly at /0.05 by Duncan’ s
multiple range test.
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() AR T A48 9 T2 W3}

1>

oo e 7] FdFE 1.1x10° CFU/ge YeEATh. a5 Hele 22228 3
7+ @A o] A8 7} 3YRbell 9.7x107 CFU/goll Al AA 129 x}to] 1.1x10° CFU/ge. 8 ZH59
=717 7V l.__% grom, T WAE AEFZ2EH7L AsddA 28x10° CFU/gol4 8.4x10°
CFU/go.2 749 7}%01 kTt o]= VBN ofm:-ef @ Aadteke] wslel vlus] & of,
Hg| g o= 4 %z‘»‘}% i% el %P T AT =3 o LT%OI Nete FEE A= VBNEHE
of A Aol % 2 F VR GkEd, FE5 =3 3¢ 6.3x10° CFU/gAlA 12Y
ztell 6.6 % 107 CFU/gg G FAFE UrEM% E}.

{1

Of

<E 5. AA7T T 240489 FH42] W3
(CFU/g)
Storage days

Sample 0 3 6 9 12
T} 1.1x10° 6.2 107 4.7x107 4.9x107 9.3 10"
Trﬂ 1.1x 106 1.3x 108 1.6 x 108 3.4x10% 1.5%x 108
9} A}H] 1.1x10° 6.3 x 108 6.2 %107 8.0 107 6.6 < 107
A5 1.1x10° 2.8x10° 1.9x 108 6.0 10° 8.4x108
TR Eg 1.1x10° 9.7 %107 5.8 108 2.5%10° 1.1x10°
B 1.1x10° 4.2 %105 3.9 10° 4.7% 105 8.4x107
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(XD AR71ZF 3 2731439 Biogenic amine 3o W3}

A7 F Ao 3] 9] Biogenic amine®] $Fe E 63 Zrh 0¥ Aol aminedrFL 0.06
mg/kgS WEFH AT} Biogenic amine> R & A FolA Hol AT R JAew Ea
Fo] sAsIAY FafjstA 1 o]l FokAl= AFe] Atk olH3 AlElE & w, Aol
7HE Holwd, 5ol e A H7E 2o A8l 7F 3L Aol 0.53 mg/kgoll Al 129 =k
of 1.40 mg/kgo & ThE A|RE] H]3] ¥ ojd Biogenic amine JAEF}7} YElO ™, HiH o
Aol F2 &dd AFFEES] A= AR 129xFe] 11.37 mg/kgo. 2 =& Biogenic
amine¥dF-e YeElHRIth ZEFF 2~ = AZAol FA gkewl AA 129kl Biogenic
aminedt#o] 9.24 mg/kgl & F HAE & S el

B
M o
il

<E 6. A&7t T 274 o]2]3] 9] Biogenic amines$tzFe] H3}D>

(mg/kg)
Storage days

Sample 0 3 6 9 12
TH7} 0.06 1.50 2.58 2.43 3.85
v?P 0.06 1.31 2.12 1.81 3.03
S} ARH] 0.06 0.53 1.00 0.64 1.40
A& 0.06 1.54 5.05 12.24 11.37
T2 0.06 1.85 7.63 9.80 9.24
5 B 0.06 0.77 1.73 1.81 2.20
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h 2% 3 1@

oo HAREAJ] AeFTAFEE, A7/FEE, AEFIE, LFYoldEEFE=
kel R E Pz 84 AES FE8H AUletd AR Fde HAAS
BoldgeFE8 IS H7IE 2304487 b Hold ARA

of VBN, ofv]:-e)AA3HF, Biogenic amined#, FH 5°I
€ A7HE Bg o2 e dElt =3 #f71e) sEEE
Hold A44e stk vl Aol Astar A7 ol

==e Aol HArbstioy, T4 ¥ Ade WERAH A pHelAM
of 7HgAe] oA e FA XA e ALz AsHoY G HE

=

-
o
N
—_

of Aol WolAE Ao etk Lz Felae] FoE A9 A

He F2E2 A8 W, A% BAHE Ao Yeiod 9w R4 FE9L

Wi Aol WolAE Anst etk B ATE B nFuoldweFEE A9 £
§ P Asgon, BA Sun 43
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6) FYo|] AFEFEE IAE o8 A3 AL & & HF HulEF g1l
on A5 2 9y
04—?/\];%% oA AEY AxAdE A7 QA (Todarodespaxificus, D4 A, =)

PAOIA 7RIl AR, °:‘7é}°ﬂ e 27 AYYEN TR, FUDE ©
4 HAHEE2F, FWDI FAULFIN@E, FHDHE o) 83t

2 o

=1 %1414) %(Alow FUD, AACEE, T, T
D, FEE G, FNDTE FEA A4 57 szl

érli‘m

et

B719] 2F3E Ao Y AxFHHOE AxSAT =4
3 = zt A7 %7](Operon FDT-8612)% SZAAZ3 1
=< 15 HEE whlk & 233w R7|(JAC4020)s o] &3t 1AXF 2395
g Fauzu 7o 7o gate] Fe IALE 4841 A xste e

KoN
T aFYo] deFE IAES dE FAWA 0.5%, 1.5%, 3%

i
2

=
=

of

=

|t m}o

o

ol

ol
£t 2 2 X

=8
7}

et

]_

O
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(th AZ712 F WA8E & 2 pH 54

%N'
i
it
2
>
N

pHe] WstHelA, FPo]of e 2AojAe el 15C AR oA A7zt
< pH W3l v FFS Q?_;}Eiﬂr(% D. gt oz A= Hah?zg} XWO]
o we}l 2k 5o {74k 5 Qh
25 A 204 A 7R pHEEo] @iﬁ}oiﬁ‘r. TE A=

Al zpol7b GERUA] &dth A4 8/ F-E A 53t pHe| frolH <l xfe]7t L‘rEP*EP aF
ol EH&FZE ZHAF 0.5%H7F @A) Al8) 7t pH Wslko] 714 3A YERA R, AA A< pH
© A% 209A7HA] 4.26-4.382 FAH SR Fo|Hl Aolrt YERGEAITE, A pHRto =
E oo 2 Aols YERUA 22 Ao Z YERTh

A& Wt A, o] 5] 4l
sl Fet o] mAEe] HTe F2
REARAstgy daEnh 2y 4

x10° CFU/ge]3st= 4]
% R HEA1717]

& lwoﬂﬂ n A& gk FA& algte] YE Feixa
vhAskA] X3k gto] APHER HH3 vAET FAXE BLE vk A F FHTY
HIE 3913 Az mFYoldetLFEE AL 3.0%H7E AN AR 209 7HA
5.15x 10® CFU/go.= VJ we FATY RS UERon, UmA ke 2 TR A
= 10°CFU/g o & » %=
AH A7 ol 1%4—% Aol ¥ =& A FASATHGE 2 F=F)

N Y

%
—h
M
1o
ﬁJ'
o
i
°
o
3L
i)
o
X
o
(U
5
ki
ol
%
o
o
o
ol
i
i
2
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1. ARl &rEF2E ZHAF HIbo mE A AF(15C) 2o 24)31¢ pH W3}
(pH)

Sample 0 1 3 12 16 20

Control(=3 7)) 6.63+£0.00° 6.00+0.00*° 4.65+0.00° 4.46+0.00° 4.34+0.00° 4.32+0.01°

QFAMRIZEAL 0.5% 6.63+0.00° 6.69+0.01* 4.59+0.01° 4.39+0.00° 4.27+0.00° 4.26+0.00°
QAR ZEA} 1.5%  6.63%0.00° 6.44+0.00* 4.51+0.00° 4.38+0.00° 4.27+0.00° 4.30=+0.00"
QFAFEI ZAL 3.0%  6.63+£0.00° 6.44+0.00* 4.65+0.00° 4.53+0.01¢ 4.40+0.00° 4.38+0.00¢
Values are mean=+S.D. for three experiments.

E 2. AFYolo e FEE A HUlel mE AAF(15C) 2423 F+4 A3t
(Unit : CFU/g)

A ZA71THD)
0 4 8 12 16 20
Control(-37b)  540x10°  6.52x10°  7.70x10° 1.90x10° 1.85x10° 1.33x10°
QFARHI AL 0.5%  5.40x10° 1.53x10%  7.10x10® 1.60x10° 1.41x10° 1.74x10°
SPARMIZEAL 1.5%  5.40x10°  3.10x107  6.50x10°  1.50x10° 3.10x10°  1.64x10°
QFARHI AL 3.0%  5.40x10°  5.70x10°  6.40x10" 2.20x10® 5.30x10®  5.15x10°

Sample
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(2D AF713t F VBNEFe| W3}

B AP Aol se] 15C A z2odA A7 < VBN ®

3lo] PAE F3FS FlstHTHE 3). Song et al> VBN dgko] Uulkz 7]&o
gk o] &, 15~25 mg%hS HEF Ax9 o, 30~40 mgh FI x7]9 o&, 50 mg%
A A il ATt A oSSR AAITT BRug vb Utk AlxdY Aol AEg
2 AR 8.01 mg/l00g &= 1_/}131}0%% 71l &3 A% 4AdAFEH A 53Ee] VBN
o] oAl o|7h LpERITE AT ARE 26.33mg/l00g0 2 TEWolHALE HbE AlBs
o Hla] =& VBNgHEHS yehidch wkde] wFWoldAE 0.5, 1.5, 3.0% F718 Agde
pas

£

15.52, 10.61, 11.23mg/100go-= w2 VBN e Yetlidth. A& 208744 F347F A=
VBN& o] 33.71mg/100go.2 713 =2 VBN EFS Uetllorn, aFyo|xAL HI7b=F
0% 27o)28le] VBN 27.30, 26.90mg/100go.2 7} @2 FFS Uedlon, F+

(=)
U‘I
w

/\liﬁoﬂ Tl Aol UEhA] o BR, nFYo AL HUbere] wrhal W Fuf o
2 FEe Fo AL ofd Aoz FgAdHAY. (FI)

#® 3 ZFYoldaEFE WAE HIbel e AR F(15C) 24 o232 VBNgZ W3}
(Unit : mg/100g)

A 47173H(2)

Sample
0 4 8 12 16 20
Control . . . . ) .
(=317 8.01£0.35 26.33+0.24° 28.22+0.43° 30.46+0.40° 31.48+0.33° 33.71+0.55
o} bl ZHA}
0.5% 8.01+0.35° 15.52+0.22° 23.37+0.41° 25.86+0.24° 28.25+0.32* 27.30%+0.17°
. (0]
SpAbH] 7HA}
1.5% 8.01+0.35* 10.61+0.08" 23.87+0.12° 26.68+0.33" 28.23+0.31* 29.12+0.39°
. (0]
SpAbH] 7EA}
5.0% 8.01+0.35* 11.23+0.18* 13.44+0.27* 23.49+0.42* 28.14+0.73* 26.90+0.37°
. (0]

Values are mean=®S.D. for three experiments.
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(7} Biogenic amine #;e| W3}

A oAs o] 15T AR oA IFYoldas FE2E ZMAE A ARV e
Biogenic amine @S FRASIATHIE D. I¥ty o=z A Fo] Hujstr] AlZstA
amine$tzF =3 Zrlst= Ao g yelyEd thEF < amine®#  histamine, tyramine,
cadaverine, putrescine 47}4 E&9 FIFE AT A A 4L FH 20¥€7HA] control(F-
A7Pell A 0.3mg/100go 41 5.0mg/100ge]d o= T& Fdo] e F=E A7 AEE
of Hlal wi-- =A UElST aFWo] AdBEFEE A HIM FolAe AR &
= ojylgtaFe]l viAl Jebdth AA 20YhA 3.0% H7FrE 0.81mg/l00ge® A wre
Fo VBRI, 0.5%2F 1.5% HA7brol s zhzb 2.1mg/100g, 1.2mg/100g B =e] 3k e
WA oA E Hol nFYoloetEFE IMAHES AUl 545 AR el 718t
= Zo g AIRHEH.

(mg/100g)
6.00
5.00
4.00
B Control
3.00 B 2LAME|FEAF 0.5%
1 OrARH|FEAL 1.5%
i m LA B A 3.0%
1.00
0.00 ; :
0 4 g 12 16 20

L aFgoldaeFE& A A7kl mE AAS(15C) 274042 Biogenic aminegk
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(1) AF2 FeAA

371 XﬂZ% ool sl s &, B A, 2Ag 2 F
st A, Bk & =34, 7<47‘<117‘4°1 71331‘:01] thaf 9etA %@‘ﬁ (v

1591¢] panel&
ioh, 1% W F

)
o
lx::

AR S Duncan’ s multlple range test= 5% Fo A A|B T TrA
155}
=

ololghg FE B} B719) waHL oo AFL 1590 o] Hgste] w7}
= @_/«la AT = 29 Dok R AT, A Y 5 AAAY YA T} 24
A 7hegel

L%#% ﬁﬂﬂf’l JJr—”*JWMW ”3 24*7} ‘4'5]"’“:} ol aFolel Aok I gtz <l
3 Wre B AU YEbhd 2102 AREHTh oBo R Hks u, uFo] e FEE
A AT HAR stHA P Hold AR e YElE AVivEes

: o <t S

< FEANIIE A7ES Fe Aol AFNEAA P Fad o2 AJFAY. 18ty
g8l Azke] Hrbgow HUksto] eAolslo] AFAHES AT A pHAM= Z4e Al
oA & zol7t YERA] &skth SFAIRE VBNl A= TV e o287 7MY =
< VBN EFS UeldA, axoldeFEs JIARIZIZE diid 2oy AAd 7|oq%e &
ARt AR A ZFEF 0.5, 1.5%, 3.0%< Hlwg A3 7ol Frha VBNEHEo] v
UetA] v 208 Kol kATl 0.5%F 57 233 o2 gRlstdt. =g T+
ANX= A7 20 A ®

=7 vlnd A7 2 Aoyt e Ao =2 YERth Biogenic amined)
Zﬂ&ﬂﬁ R Aﬁ*ﬂﬂwa*ﬂ%ﬂﬁ Eﬁi%% ”“’4HW
9]

(nFolGEFEE AL Hrtol ogof sl B5Hs}
)

A4

200

15.0 [ B Control

W OFALH|FEAL 0.5%

0.0 = QLAE| FEAF 15%
o LAY FEAL 3.0%
50 - I =
0.0 - _lJ_,_lJ_,_ =i £
: wr odmM =T EF
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8. A F7 TAVIMS 2R A8 AZA Bl

7L AE 28

D A=

b 23043 Az
4719 H2HE egolAse] WANE o] gte] Az

2 404

-

o,
J\‘l‘
FE

(7}) EIAA] FFE 2 A

oA o] 22 FRA wWE AFALES &2l Yok, dWH o R o] A&3t= PET
|71 =25 control23te] PET+CCP A3} PET+AI+CCP EAAE o] &3l A A 12¢7te] =
dEA S WstE dEstA T

= A0
CO, 2%, NFEAZFo = 747} gt 1243 45 £ gdsdd. #2542 pH
VBNEH, oin|ej A 43, Fvt5, TBAZHE SR AU 7ol AdAd Aol A
A8 T
U XAA E2HE 93 20 ARV F ZHAEA

(D) =AZA T/ ©E 230439 JEQ A7 A(VBN)@ 2 H3)

Aol &89 A XSS PET, PET+CCP, PET+AI+CCP Z}zte] Z A Ao UntxzAsle] 1
0C oA 0dellA 12¢7bA] AAR7|2H5<ke] VBN Ze] ®sles & 18 By 3l & 4 it
z7] 09219 Alge] VBNEgHFS 25.66 mg/100gS YEMNA L A& 3

20 Apol7F YERth ddk PETXR9] ¢ 27.41 mg/l00g AEE YEH o PET+AI+CCP
¥ 2551 mg/l00ge® b we VBN@EHE Jetuidch A% 6Yatel= PETZA
PET+CCP EXO%OH—E— A 2ol 7b GERFR] %A R, PET+AI+CCPEA-S 27.44 mg/100g
o= 7 vre S Yepdlon feojyo=z ztolE Ytk AR wpA kAl 1293 ®
& PET, PET+CCP :1578'01]/\‘] 747} 31.80, 33.49 mg/l000.2 AZ7ke] §oAH 2 2o]l= ElX
okgrom Wol xpek® PET+AI+CCP Aol A 30.76 mg/100go 2 714 e VBNEE-S ERY
At
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<E 1. AF 0~123F 15T ollA 2] 2 o248 o] VBNeZe| M3l

Treatment 0 3 6 9 12

PET 25.66+0.322  27.41+0.40°  29.03+0.09"  31.05+0.08°  33.80+0.51°
PET+CCP 25.66+0.322  26.56+0.21°  29.16+0.11°  30.28+0.32"  33.49+0.42°
PET+AI+CCP  25.66+0.32°  25.51+0.24*  27.44+0.37*  29.33+0.18"  30.76*=0.51°

““Means with different letters in the same column are significantly different (P<0.05) by

Duncan’s multiple range test.
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Q) ERZA FF7 WE 23043 pHake ¥

TA TR/

mlm

2
5898 YEbRom, AZ 3AAFH AZZke] pHe| 2 A7 UEhyr] AlFsith 34t
PET 242 pH7} 5182 7F& ¥ e yehldth. wbdo] PET+A+CCP £#e] 74 5.732
2 pHe W37} =27 &t A% 64 xtddl= PETS PET+CCP X749 pHe 4.722 A &E3H9)
T2 Aol HEhA] ettt Wkl PET+AI+CCP 249 %= 48022 7 A2 pH
HelFS UeEr AT A% epR ARl 129 Aol =3 PET+AI+CCP27%e] pH 4.542 744 &
< ®HslEE Yehia, ywA PET, PET+CCP 2749 79 pH7F 247 451, 4.52&
PET+AI+CCPell ®laf w2 pHEte Wellidt. Ao W I d55 {7)ibo] Srlste] @

pH#t= WERATIL sh=H|, |5 VBNETe] ®stel wus) = o fASHA W3ds &

KeN
T
<
T AT

et
to
N
2
1>
=
lo
—

29 A#7)7+ B¢k pHWs= ¥ 291 BT} 27] pHghe

f

G 2. A% 0~1293F 15C oA e A o438 o] pHtel W3

Treatment 0 3 6 9 12

PET 5.89+0.01° 5.18+0.00* 4.72+0.00° 4.58+0.00* 4.51+0.00°
PET+CCP 5.89+0.01° 5.67+0.00 4.72+0.00° 4.58+0.00* 4.52+0.00
PET+AI+CCP 5.89+0.01° 5.73%0.00° 4.80+0.00° 4.60+0.00° 4.54+0.00°

““Means with different letters in the same column are significantly different (P<0.05) by
Duncan’s multiple range test.
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Q) ZA FFE 2

r°"

2o e oprlel A At W

27] 023}e] opvlw el A 4L 20174 mgloog +ES ehRlon, ARzt A 5
A Z7beke A4S Yehit. AR 39x7hx = PET+A+CCP Z4H9] 215.42 mg/100g2.
% o e ot A# 6da}RE = PET, PET+CCPEAS] obu] i) d 43 gfol
7] Uebgh obulmeldagF =3 S0l Razk AYFEA 1 ghol A
d, obmliel Angere] WA A Uehgy] WEel, pHu VBNS T fAR

U T
N
P
rlo
uf&

<E 3. AR 0~123E 15C oA o] o3 e] ofm| e dagtaFel M3

Treatment 0 3 6 9 12

PET 201.74+5.25%  217.60+3.23° 223.94+1.37° 225.57+2.31° 241.01+4.06°
PET+CCP 201.74+5.25%  215.30+3.48° 224.01+2.30° 219.47+0.73% 234.33+2.26°
PET+AI+CCP  201.74+5.25% 215.42+2.81% 226.37+2.32"° 228.40+1.26" 238.34+1.55"

““Means with different letters in the same column are significantly different (P<0.05) by
Duncan’s multiple range test.
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@) ERZA FHE 28T 230489 TBAgS] WE3}

Jo
Y
[
=
o
o
b
Ll
O
O
ﬁd

sl AZ7I1ZE 129 537 TBAZLS| W3tE F<lsilon,

= 749 2o 3_7] 02 i} TBAZL2 0.54 O/DE YEIHA L H, 3IXFH A &7He «l?q
1 zpol7} vebbr] AlZbsEA T 3€AF PETS TBA#E 0.742 7V & 55 YEURlS
o, PET+CCP¢} PET+AI+CCP+= 0.712 PETXA e wvls)] e & YelUdY. AA 9L A=
PET, PET+CCP27o| H]3] PET+AI+CCP X 7o] 0.69% 7} w2 TBAZLS UeHgler, ol&=
A7 7 AA dojd AS R AREY. AA upA et 124 71X = PET+AI+CCP3EA o] 0.72
OD=E ©& EZW of nlaf @& TBAZS WA S ™, PET+AI+CCPEZ o] Ao A8 o] 4F
& Adfste A & T AU

GE 40 A% 0~12<4%E 15C oA o] @A o2l o] TBAZLS] W3

Treatment 0 3 ) 9 12

PET 0.54+0.41° 0.74+0.00° 0.65+0.04% 0.71+0.00° 0.78+0.03"
PET+CCP 0.54+0.41% 0.71%0.01° 0.62+0.00* 0.73+0.02" 0.76+0.02°
PET+AI+CCP 0.54+0.41° 0.71%0.00* 0.66+0.00° 0.69+0.00% 0.72%+0.01*

adMeans with different letters in the same column are significantly different (P<0.05) by
Duncan’s multiple range test.

- 256 -



G) TAA FHE 2T AN FHo W

Aol 7] $A4E FHTE 6.1x10° CFUlg AEE Yebdon, AA7|3to] dojd 4
2 2d47 AA Z7tsldnh AR 39t PETe 275+ 2.0x107 CFU/g & & =3
# PET+CCP} PET+AI+CCP Z}zb 1.5x107 , 1.1x10" CFU/ge.2 t2 ZAA 0] Hg % %
TS et A 69 5E 12971 PETQ] Fv<F+ 341.1x10" CFU/gelA 1.3x10°
CFUlge & 7b¢ ¥& F#4E Yesien, PET+ARCCP =A¢] 1.8x10" CFU/gell A
7.3x10" CFU/go.2 714 @& F755 Jehiglth o5 Heke u), VBN pHgkel w3
o} A ARE el A, PET+AI+CCPEAF0] 2o s)o] Ad el 7Hd F&
Aoz FeEo| Xt

<E 5. A% 0~123tE 15T ol o] Ao 4sle] T2 "

(CFU/g)
Treatment 0 3 6 9 12
PET 6.1x10° 2.0 107 3.4%x107 4.1x107 1.3x10?
PET+CCP 6.1x10° 1.5x 107 2.7x107 4.0 107 8.2x 107
PET+AI+CCP 6.1x10° 1.1x107 1.8x 107 3.2x107 7.3%x107
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o ZRA7IHEE 29 ARTIN T LAY FA 54

IR 2FHE 283t PET+AI+CCPEAS] A A o] 74 wHold AS 213y, olALS
HIEFO 2 ZAV|H ARk, CO2, A4, FxAoZ 747k delste] AZAAES &2 33t

D) ER71HE 283 24014309 AR7IZE F pHatel W3t
o] A% o% 10 el 271 0¥ pHE 6.072
= < EXH ol AAA pHRtel HopAlE AS

ke
T AT AA 3G Ao PET+AI+CCP XA oA 40382 FoH o= 714 @2 pHAS

YEM AT 001392 A AA=Zes & Ao 17P AR AR v 129 A}
PET+AI+CCP+RA-&xAo] 382F 71A AL thﬂﬁ‘r < Yeh o, PET+A1+CCP+?§/\E72}
o] 38002 A WIS YERSITh Yuk PET 371 Aol 37602 7} & pHHS =
BYow, o]gid A2 Hol AFxAo] o HAE {74k F24& JAste] AAA %%Mﬂ
PEFE FE oz AsHn
<E 1. A% 0~12943F 15CoAA ] 24oj4a) 2] pHatel 3>
Treatment 0 3 6 9 12
PET 6.07+0.00? 4.05+0.00° 3.88+£0.00? 3.90+0.00? 3.76 +0.002
PET+AI+CCP 6.07+0.00? 4.03+0.002 3.89+0.00° 3.91+0.01° 3.77+0.00°
PET+AI+CCP+%1 & 6.07+0.00? 4.07+0.00¢ 3.90£0.00¢ 3.92+0.00° 3.82+0.00¢
PET+AI+CCP+CO; 6.07+0.00? 4.05+0.00° 3.90£0.00¢ 3.92+0.00° 3.77+0.00°
PET+AI+CCP+#& A& 6.07+0.00? 4.06+0.00° 3.92+0.00¢ 3.91+0.00? 3.80£0.00¢

“d\eans with different letters in the same column are significantly different (P<0.05) by

Duncan’s multiple range test.
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et R R L Xﬁﬂﬂﬂ < VBN Ze| ¥3}
2 dolry %sﬂfﬂ L3F 15TCoA 2ol Al o] VBN EFS &ttt =
7] VBNZ#H< 6.80 mg/100g2- UrE}kEth A7 3LFH AlgEe] fFolAHRl A7t yEhy
71 A&t th. 7] 39 Akl PET+AI+CCP XE7%o] 19.92 mg/100gl. = 7} v 3
Buloy Fa, CO, FF EA-E 2288-23.75 mg/100g>- 2 PETS} PET+AI+CCP X
3 ¥ VBN ZFe Ueldth AR 9dAHA = Rls2d FA&Fe Yetlido. A4 12¢ =
= AFEAo] 3567 mg/100go-2 71 =& VBNEHS YelUA=d pHolAE HElwgo
7HgA el o= re] wild R = dﬂ*o*%}%iob} Hf el A3rh yehwgt ER A
PET =7 =3 3510 mg/100g2 2 #& VBNEHS Yepgigloen, Umz PET+AI+CCP<}
PET+AI+CCP HA XA E VBNEHF| f2l#<l x}olL Ao, CO,EAo] 3210 mg/100g>.
Z 7hs W2 §EE UEit

[o

o l

<F 2. A% 0~12€43F 15C oA o] e ol4 s o] VBNeTFe| #sh

Treatment 0 3 ) 9 12

PET 6.80+0.24*  21.55+0.47° 26.01+0.78" 29.25+0.50" 35.10+0.45°
PET+AI+CCP 6.80+£0.24*  19.92+0.36° 24.39+0.55° 28.77+0.19° 33.71+0.36"
PET+AI+CCP+2lE  6.80+0.24*  23.01+0.24° 26.30+£0.73° 30.49+0.14° 35.67+0.46°
PET+AI+CCP+CO,  6.80+0.24*  23.75+0.54° 27.20+0.73° 31.60+0.14* 32.10+0.11°
PET+AI+CCP+2 24 6.80+0.24*° 22.88+0.82° 27.48+0.40° 30.58+0.22° 34.26+0.72"

“d\eans with different letters in the same column are significantly different (/&X0.05) by
Duncan’s multiple range test.
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Q) ZRA7IHS 23 23439 ARV F TBAZIS| WHE
A2 A E 27193 TBAGL S04 %71 TBAZI= 022 O/DE YERoH, dA2 o
2 AETRY FoZHA Aols YERUA Zdth =3 A4 129A7HA S 0.33~0.34 O/DE A
2o FoAA Aol 7k YRR ghgkon, 0d e} Blw S wl I WHEHEo] A gl AL
2 A=k
<3E 3. A% 0~1293F 15C oA 2 oj2 sl TBAZFS] W3
Treatment 0 3 6 9 12
PET 0.2240.06°  0.360.00°  0.284+0.00>  0.31%0.02®  0.34+0.01°
PET+AI+CCP 0.224+0.06°  0.35+0.00®  0.28+0.00>  0.32+0.01°  0.34+0.00°
PET+AI+CCP+31 &  0.22+0.06*  0.34+0.00*  0.28+0.00°  0.28+0.02°  0.33+0.02?
PET+AI+CCP+CO,  0.224+0.06®  0.35%0.00°  0.28%0.00°  0.31+£0.00®  0.34+0.01°
PET+AI+CCP+d 4 0.22+0.06*  0.38+£0.00Y  0.260.00*  0.29+0.02°  0.33+0.02

““Means with different letters in the same column are significantly different (P<0.05) by
Duncan’s multiple range test.

4 3.4x10° CUF/g<& e
UrEMJ?iE} dHtz oz 23]
18Ao2 FFxAgdA 1.9x10°
AN dAH oz 10° CFU/gS

®
o7 108 CFU/g7b

R Ao 2 E o 129Xk pHEF Hld
,k

T

£ YESITh

=R l=
<E 4. A% 0~12Y 7 15T oA A A4 o] FH2] A
(CFU/¢g)
Treatment 0 3 6 9 12

PET 3.4x10° 8.0x 108 4.2x108 6.1x108 5.0x 108
PET+AIl+CCP 3.4x10° 4.6 %108 4.5%x10° 5.4x 108 3.1x108
PET+AI+CCP+2 2 3.4x10° 8.0x 108 3.1x108 1.5%x 108 1.9%x 108
PET+AI+CCP+CO, 3.4 10° 5.6 <108 4.2x10° 2.5x 108 3.4x 108
PET+AI+CCP+Z& A& 3.4 108 1.9x 108 4.5%x10° 2.7x108 2.2x108
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(&) EFASHF 2 TR HH3F

N

FAAE TAAY FR THPRL TSt s AFY o) T EPWL
2.%016‘}%1:} éii‘rﬁ]i PET, PET+CCP, PET+AI+CCP 37}A] ZAAE o] &3 23le AAFAHE
3}

pH%kEI tﬂi} EF_%L }XP AT, 18 TBA%AL 3t fr TR 7 AA JErs ] i, &
FH]F o] 31%% PET+AI+CCP =ZHo] 7} 3 ZAAZ AdsA HAo. 1 =+
Fe olgdte] Ak, AF, CO2EY, YWEFOE THPYL Dejste] 43¢
A4S vlus] Btk Fd5y VBN, TBAZE pH 5 vln 43 2

Abol= UEbUA] FRAIT XFEAo] pHY WEEFH T F7HF 7R
tE TS sl Hsle AFHl HFHY HoE BHHUh AFHoE
28l 9] sz Ao PET+AI+CCP+31-g-32 o] 714 & S
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9. 23] 9] starter &R AE (Industry scale)
7). 7R 2 8 9] starter FRF2] & (Industry scale)
D A= 2 Ly

D 7hApm s A=

aHOtR A e MR A S ¢ FERAFS @FolF=AA Industry scaleZ A =3}
Atk 7HAE s @=e] FEdelA o E MtAnE s2E FHE e F ARSI HA
55 1x7HE, vhs, A%, AR, F2, F 258 A = 719 7hAtm] A6
°of Hzstd #HAHE A&l en & 229k 2t JhAtvl= #E, Axgret WAES AAs
I 4-55Eo0 7 AEste] A AL 20% Bl&e AFo2 & 20T, 24 AHF FEE
= 33 A3k, 20ColA g3 & 24 ARE F 22, o HIEE EFEAT HF 2EHE
THFOT AT 4o A9 TAMAXRE Fil veU FEHE ZAStH A5 EFTEA
A A FAY 1%E ZA7rstATh AxvE ¢hRE v Adle ¢4 2EE $RE HUb S
H H 7 o2 Uiro] Zeta Y wWHgr)d £74 9S ¥ 15C cool incubatorell A 1497+ W&
AL, o] Fof HAL 4T AA WAy A T

|
N
BN
o2
%

(o

(E 22, 7 A Al S Az v

Materials Weight ratio (%)
Flat fish (20% salted) 72
Red pepper powder

Ginger
MSG
Sugar
glutinous Millet
Garlic
Salted Radish(1% salt)

Starter Culture

— 0 W S~ W = =,

A 98] ¥ESHAY (fermentation potential test)¥} 16S ribosomal

RNA (rRNA) sequence analysisE AAl stAth 7 #a5HS g<lstr] sl APl 50 CH strip
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3} API 50 CHL Medium (bioMerieux, sa 69280 Marcy 1'Etoile, France)S o]&3t3on, Ax=
24, 48AIZF Fo ERlstHTh Eel<9] genomic DNAE genomic DNA isolation kit (Intron,
Sungnam, Korea)E& o] &3le] £33 2™, bacteriae] 16S ribosomal DNA®] E-0] 2 <l primer
E o] 83} polymerase chain reaction (PCR)< 33}tk PCR condition 35 cycle (1 min
at 94C, 1 min at 58C, 2 min at 72°C)3 elongation®] 1 cycle (7 min at 72C)Z o]Fo]H o
o 16S rRNA sequencing Z3E ©]&3}4] genbanke] blast HAS 53] GABA A4t #F5 &5
ATt

) 2432+
b mAEstE 24 23

1) - starter $EFS A&7 7FAn| 2] F+t WSt

33-1 ¥ (Lactobacillus brevis)g &3 AP A5, LBV ¢ FHTe La /Al
22 El 997H4 565 log CFUIgo =8l 830 log CFUIgo® F7bsklan, oI F 44 2497}
A vz #E AT xRl 2EE F37 AdTY AS, 2arizk 5 F 45
HE JPAYZRE 12¢€71A 4.15 log CFU/geZ2FH 7.00 log CFU/ge.2 F7lslsa, 1
o|FE <A 2497 HIE=T #-E FASAT 33-1 #FE FA LS AT RS v
st HokS o, 33-1 #F A &wo] TR WE I FVFE BT

rlr

——33-1

e Control

Viable ell counts (Log CFU/E)
=T R I T B TR S, ST

3 B 9 12 15 18 21 Z4

Fermentation time (days)

<18 15. 94 ~ElE TRFS L3 spAmAEe 577 59

v o

22
b
NV

2) ¢4 starter FRFS A L&3 Jpxu|AE) o AAFS W
33-1 #F5 283 ALY Ae, TEVIN T AdgFe TR RALERE 9
5.90 log CFU/ge ZH¥ 830 log CFU/ge & Z7tslaial, ol% <A 249714 vl d55
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fFAs G Bz

TR AV AREe) A B B AAIFE BE ANYR
HE 12¥€7FA 4.10 log

CFU/ge. 23 ¥ 6.99 log CFU/ge.2 Z718%al, 1 o3 2 <A 24Y
283 AP dxes vaste] BgES o,

= =
33-1 #F A g0 ERTFRT wME F5 ZUHE Byt 19 15, 16.3 o] zF Ad o)A
o] F 9 AAA] W3l B3 53U e YEUWE AR Hol 7iAm| A Y] F o
< & Biktol] o AujEE AR ARHEY
g —
—_—
=]
Yy
g6
i
o
R == 33-1
B 3 o il Control
22 -
T
LR
0

o 3 = 9 12 15 18 21 24
Fermentation time (days)

<IY 16. 5 2B FRFS AT A0 sl BEIIF F ANFE Wb

ft

) )
33-1 & AL 7HAv A9 pHat 2a MAIYFRE 149714 pH 5.989 4 pH 4.69
asts Zle FASAAL ol F A 24A7HA] pH #hol oF 4572 FAEH= Ae #Alst
Aol A9 wE AAYRE @HE 4L T 0.14%04 0.50%74 F7keke e st
T SA 24L7HA oF 0.7%0] AEE SIS G 1 olFEE 0.7%WE A
A3kt (data not shown). ¢ ZEB}E] SRS &3 7HA 8ok Hlwsto] Add
ANzl 7rAm As) o] A9 AtsE WE 24U oF 055%FEA AP Hlwste] e F3E
BRI, pH #te] A$ols wE 240 4928 AT vlwate] 2epe w, o % pH
R

2 32
MR

ol

i,

Mt o o
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—
L =
o

EM .
06
% e B 3
v Y v e 30‘5
24 &
g E[M
Z3- - 331 = —(=33-1
= =03
== Control 2 —&- Contral
ks foz
! 01
0 - 0
0 3 6§ 9 1 15 18 N H ¢ 3 6 9 12 15 18 21 M
Fermentation time (days) Fermentation time {days)
19 17. $4 2EEH RIS 48P <19 18, 92 ~EbE TRES 2L
A sl o] WE7IZE F pH AB> A s o] FEAZE FOE AT W

ol W
Ao ey

Fermentation days aw Salt content (%)
0 0.941 £+ 0.00 342 £+ 0.01
3 0.939 £+ 0.00 3.45 £ 0.01
6 0.939 £ 0.00 344 £+ 0.01
9 0.925 £+ 0.00 3.42 £+ 0.01
12 0.924 + 0.00 3.45 + 0.00
15 0.922 + 0.00 3.50 + 0.01
18 0.920 = 0.00 349 £+ 0.01
21 0.919 = 0.00 3.51 £ 0.01
24 0.920 + 0.00 3.53 £ 0.01

(Bh) 7HAm A8 ¢ FRAF F

ZhAE| A e Az #8394 TR AFFZE 16S rRNA sequence analysisE Eate] HA4H3 4
HE a9 19.¢] F7|3sk o 16S rRNA sequence analysis A3 Lactobacillus brevis7y 97%4]
AE5AHe Bl HFAHO R Lactobacillus brevisZ 7 stAth.
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Lispiobaciiun poogwares THEC VET LB 28041

Lachabaciius koo DCYSD! [FAHITT)

Lasciodancalis paucions TUWY 1 18247 FH1B5TE)
Lmciobacalin parabreve LLAT 119847 (AR ESAN

aciabeclin hammons TMW 1 12387 (AJGTZHE)

Lachobacios senmaiuin L117 (ABZHNET

aciobacally beowes ATCC VOB (R0 268,

0 | pwwn voam

Lacsodacion soachan LTHETSI" (RIS LERED

Laciabaclis narmunnss LG FH8L" (ANDSH 19

Lacinbacilius rpmie LG 22158 (ASI2E5T)

% | actobardion scelfammpe LG 22001 (AE32148)

Latobacallog rn 1T 11204 [ABDGE 300
[ LachohacEum bucknes JOM 11 15 (AG15058
Licodacdon oyToe SO (ART I060

_K':lﬂxx-'ulmcus Do [EU T

Wsalla rckscans NAIC 15367 (ARIQID Y

<1¥ 19. 7EAm A Azl A3 ¢+ TRFF 16S rRNA sequence 54 A

. A8 e8] starter SR F 24 (Industry scale)

D A= 2 I

M-1& Z-&3}lo] Industry scaleZ A Z3A{ T HEl= 2 Alofo|A] o
2 dF 5 AEsAY. FAEE Vb, vhe, A%, A, F4,

T, aws AR AT g3 2o gEe e, A= et WS AASAL 4-5

STEOE Mt HEE FAY 20% vl&2 AFoE JF (20T, 24 AT FEEZ 33

A H3ha, 20C oA B53 3, A71e Hease HAstE AxTHOR Axsdon ¥ 38,

I 2o HF 2EEH FERFOE ARSE o A sAAxE F

st Az EFGA A A FAY 1%E FA7Fet Azt 45" HHA e 7 &

B FHR U WAV Uiro] SThxE HH GV A '

incubatorofl Al 1443t L E AL, o] Foll S/ 4T oA 3kt
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< 38. WHAE)] A= vl&>

Materials Weight ratio (%)
Sliced Alaska pollack 74
Red pepper powder 8
Ginger 1
MSG 1
Sugar 3
Glutinous Millet 3
Garlic 2
Salted Radish(1% salt) 7
Starter Culture 1

Hel By (M-Do 5AHS s 2asHAY (fermentation potential test)a}  16S
ribosomal RNA (rRNA) sequence analysise AAl stdth & Ha5H-S FUstr] #18 APL 50
CH strip3 API 50 CHL Medium (bioMerieux, sa 69280 Marcy 1'Etoile, France)-& ©]&3}% o,
A= 24, 48A7F Fof IS, EE]F9] genomic DNAE= genomic DNA isolation kit
(Intron, Sungnam, Korea)E ©]&3le] H2|3}H S ™, bacteria®] 16S ribosomal DNA®] E-o] A<l
primerZ ©|&3}a] polymerase chain reaction (PCR)S <33}t PCR condition& 35 cycle
(1 min at 94°C, 1 min at 58C, 2 min at 72°C)3} elongation®] 1 cycle (7 min at 72C)& ©]F
x e 16S rRNA sequencing Z3E ©]83}] genbank®] blast A4S T3l GABA A4k o

% F4srh
@ 49a%
Oh MAESE 24 A3

1D ¢ starter SR FS A&

M-1 #5& A&3 A4F7F A5, Far|zk s T 5 $E NALERH 10¢
4.48 log CFU/ge 22X E] 748 log CFU/geZ ZF7I8tA AL, 1% A 24Y7HA Hld dFE
AT iz 28H FE7F g7 Af, TRV 5 F o AdTE HE NANYE
BE 12€71A 3.19 log CFU/ge 2% 5.89 log a 2
7HA Hl=g #4E FASIATS M-1 #5858 83 Aded gxes Hluste Beks o,
M-1 #F Ag&7o] gxoihg meE 4 712 19,
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7]

=

(T

(W)

[=1:]

3

=

=

E — ]~ 1
3 == Control
&

-

3

=

[ O SN . R B = W N = TS B B ¥ e

o 2 4 B 8 10 12 14 16 18 20 22 24
Fermentation time (days)

<1d 31 5 2EtH FRIS A8 BeHdsie 2Er| s T Wb

2) 5 starter $HFS A L3 He| Ao Aikd M
M-1 #5& A&3 AT 45, dar|zt s F

] 3.71 log CFU/ge. 2 E 7.83 log CFU/ge. & Z7}8taL, o]F 44 24Y
5 FASAH. thExTel *E}Ei 37t "‘64%«] e

kot 013?— Y =

=
RS =
M-l 27 Z‘#%EO] EEnt e 4 BHE ol

o

g 4
.—uE —
-
=
J
g6
£ 5
g
4 —— -1
=
= ol Control
a
& 2
171
L |

0 T T T T T T T T T T |
o 2 4 6 8 10 12 14 16 18 20 22 24

Fermentation time (days)

(1 32. 5 2B FERAS 283 FeHao Tarizt <t ity Wb

RS
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() olslstd B4
1) pH W3}

o
=2

g
z —— -1
a

P ] Jem Control
35 -

4 .

0O 2 4 6 8 10 12 14 16 18 20 22 24

Fermentation time (days)

{19 33 9 =BE FERIS A& FeEdse] Tar|zt F<ke] pH Mk

o
=]

&
in

Q
I

—— -1

o
i

=l Control

o
b

Acidity (Lactic acid %)

o
=

L=

c 2 4 6 B8 10 12 14 1e 18 20 22 24

Fermentation time (days)

<19 34. 5 2HH FERFS A& FeAs o Tar|zt 5o e W
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M-1 55 A 8% Wejdslel pHEhe WE AAUNE 187X pH 613914 pH 4452 =
Basts AL FASRAL, olF S4 24U7HA pH o] oF 4452 fAHE AL o

&Aoo 7 ?

AdstAT At=e] A9 EF 7 ]O‘HH HE 14939 0.17%01 4 0.51%7+A 7kl AS &
ABIAAL, ol F =4 24A7HA] oF 0.6%2] A== F7HdS Fdsidnt L o]F 2= 0.6%H=
FAES &AdstHt (data not shown)

7 Z2EH FERIS AL WEAsiet vasty AATEAIR WEA e [ = E
H 240l °oF 0.52%=A AP viwste] @2 FAE UERHSlAL, pH #te] Ffex Ea
2490l 4.652 APy} Hlwste] Hyks of, ¥ %2 pHE AT

3 9= W3}
<GE 39, ¢ FEAF F7F pAEAE Y 2E v FESAE 2 9% st A3
Fermentation days aw Salt content (%)
0 0.941 + 0.00 3.42 + 0.01
3 0.939 = 0.00 3.45 = 0.01
6 0.939 £ 0.00 3.44 + 0.01
9 0.925 = 0.00 3.42 = 0.01
12 0.924 + 0.00 3.45 + 0.00
15 0.922 = 0.00 3.50 = 0.01
18 0.920 = 0.00 3.49 + 0.01
21 0.919 = 0.00 3.51 = 0.01
24 0.920 + 0.00 3.53 = 0.01
A=el A4 ZA7te] FHE A4 AT E BE 2 $471 5 2 Ws) flol 3
T 34T%E JEIAT, FEREE W oF 0.929) FEFHE e AAeE AoT vEw

D Azt dejdsfo] HdAd =

HeEfAall = Az Al ARSEE HEH dEY AS gAY AAo] fl7] wEe ouj 7o &
A & A= WJAUAE  (Escherichia coli O157:H7, Staphylococcus aureus, Listeria
monocytogenes, Vibrio parahaemolyticus)©l AZE 2 7Fsdol At ol& &Astr] <&l HH
Aafe] 95 P RARe TE g AV T HEA oA AN dES
Zb 2~BtE SRS A3 APTH AATaAT dxdodA BT HEHA &
st 1 Ad= & 40, 410 3 2

(

T g

P A
o 1t

Job
o

—~
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Materials EO SS SA LM VP
Alaska pollack ND" ND ND ND ND
Galric ND ND ND ND ND
Ginger ND ND ND ND ND
Radish ND ND ND ND ND

*ND : not detected, (-) : negative
1) EO: Escherichia coli O157:H7, SS: Salmonella spp.; SA: Staphylococcus aureus, LM: Listeria
monocytogenes, VP: Vibrio parahaemolyticus

<E 41. A= He s Fa7|t &<t

Fermentation days

ok

d44 s dE A9

0 3 6 9 12 15 18 21 24
Test
miCroorganisms
EO ND" ND ND ND ND ND ND ND ND
SS ND ND ND ND ND ND ND ND ND
SA ND ND ND ND ND ND ND ND ND
LM ND ND ND ND ND ND ND ND ND
VP ND ND ND ND ND ND ND ND ND

*ND : not detected, (-) : negative
1) EO: Escherichia coli O157:H7; SS: Salmonella spp.; SA: Staphylococcus aureus, LM: Listeria
monocytogenes, VP: Vibrio parahaemolyticus
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2 S5 FRFFE A 8T FeAs) ol vlol oA Goln (BAY FHF W

<FE 42. 95 starterE A L3 Hefdlae dar|zk & oyl b W3 A A

Biogenic amines (mg/kg)

Day
Trp? Phe Put His Tyr Spd Spm
) 33.01 = 2454 + 233 &
0 ND 0.15¢ ND 0.06 ND ND 0.01
17.34 =+ 2511 + 188 =+
3 ND 117 ND 0.65 ND ND 0.00
0.03 + 16.95 =+ 27.16 +
6 0.00 0.41 ND 0.90 ND ND ND
18.35 =+ 26.31 +
9 ND ND ND ND ND
1.22 1.29
19.99 =+ 28.65 + 0.08 +
12 ND 0.30 ND 0.01 ND ND 0.00
15 ND 16-0331i ND 31-13%; ND ND ND
17.35 =+ 3332 +
18 ND ND ND ND ND
0.22 101
18.37 =+ 30.98 +
21 ND ND ND ND ND
0.18 0.20
24 ND 1505§9i ND 28-1489i ND ND ND

& Trp: tryptamine, Phe: B -phenylethylamine, Put: putrescine, His: histamine, Tyr: tyramine, Spd:
spermldme Spm: spermine

"ND: Not detected (amine level is less than 0.1 mg/kg)

‘Mean =+ standard deviation.

9% starter® A g3l AxF FEAF ) vhol oA obYl FFE BAB

[o0 &N O
mg/kg, spermlne«] B shEFe 143 mg/kga 1/‘rE‘rlﬂ NI, G2 oUELS HEHA &2 A&
gl At

3 4 FRFFES H§F FeHshe] BE/T F GABA FF W3}

{E 43. ¢ FERIFE A7 Beidsi o] 2ar|zt 5 GABA &% ¥ &2 23

Ripening periods (mg/kg)

Compound
0 3 6 9 12 15 18 21 24
. 3020 £ 3741 £ 3539 + 3731 £ 3630 £ 3811 = 3927 =  41.03 «
GABA ND 7.01° 225 6.20 135 2.58 1.09 0.29 1.32

®ND: Not detected (amine level is less than 0.1 mg/kg)
"Mean =+ standard deviation.

mlo
A

Q-4 starterE F 83t A %3 Hef2s]e] GABA gHEF A% Adte= %, 43 3 2ok 1
A3 WE 7|7HsQ GABA 3} WHE= 0YAE AYstais & AolE Ho|X&= &skon,
GABA®] H# & 37.13 mg/kgs YER I
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(ZH He A& HF 7 FERAT A

Hej s Alzo] L3 ¢+ TRFFZ 16S rRNA sequence analysisE E3te] 543 A}
E 19 36.9 47] stk 16S rRNA sequence analysis 23 Lactobacillus brevis7t 99%<2] 7
S4E Ro HF2 07 Lactobacillus brevisg 5733t}

Lactobacillus yonginersis THK-VET (JN128640)

Lactobacilius koreensisDCYS0T (FJ904277)

Lactobaciliis paucivorans TMW 1. 14247 (FN185731)
Lactobacilius parabrevis LMG 119847 (AM158249)

Lactobacilius rammesi TMW 112367 (A1632219)

Lactobacillus senmaizukei 137 (AB287927)

r,acto'secfﬂus brevis ATCC 148697 (KI271266)
92 Istrain M-1

Lactobacilivs spicheriLTH 57537 (A1534844)

Lactobacillus namurensis LMG 235847 (AM259119)
Lactobacillus zymae LG 221987 (AJG32157)
2% | Lactobacillus acidifarinae LMG 222007 (AJ632158)
Lactobacilius rapi YIT 112047 (AB366330)
oo I; Lactobaciilus buchner JCM 11157 (AB205055)
Lactobacillus oryzae SG2937 (ABT31660)

T': Lactabacilius kimchicus DCY51T (EUG78893)
I

iz viridescers NRIC 15367 (ABD23236)

'T{

<% 35 HefAa Az H&3 ¢4 FHRFFC] 16S rRNA sequence 54 27>

o} AEE oA o239 starter FHFO A& (Industry scale)
D Az L T

b A oA A=

FRF B-D& FE3t4 industry scaleZ A %3}
FHE dEs & AMESIAT FAsRE a7t
T2 AMESIR A AlEWHE o33 Ao 2 A4ojs
S FAL 7% nl&2 ﬁ:%oi A4 (20C, 24 A1ZH
o Ao FAY 12% R A A (AgES=50:50, 20C, 2447 & FXE=E 33
Aﬂ%é]-_ﬂ 20C oA 253 3 Are] mFEstE e A oA Y XﬂZﬁ—E’— of wel Alzsi o
F 47, °] HEE EFSPT. HE 2AEE TRFOE ALE AAH A FHAAZRE E3
39 R ZAStY Am SFTA A HAA FAY 1%E HI7FekAo Az 458 2
AojAel= ¢ 2EH SR HAUbed BT o R Usro] ZEtaE WH SV &4 '

2 % 15C cool incubatorell A/l 144 3F &3 a1, o] Fo 42 4T oAlA YA

L

v}
to
[ ooX
2
=
H
i)
=2
R
2
Loy
)
to

o o ot
2
I jc;
off
ih)
)

7, ks, A%, 2", 29, F48,
g, g, Wd<s AAs

€]

(o

Y
i
o
£
0]

f & P>
Oﬂ, i

t

kd

FXL‘
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<G 59. A o] s Az BED

Materials Weight ratio (%)
Sliced squid 45
Red pepper powder 2
Ginger 0.5
MSG 1
Sugar 5
Glutinous Millet 3.5
Garlic 2
Salted Radish (1% salt) 40
Starter Culture 1

Aw) 7 A7} API-kit system (Bio-Merieux)S ©]-83}<

g WAL ERE 109714 4.84
log CFU/gEi—rEi 858 CFU/gEE 27519, o) A ULA M= FHE §A5
Atk tHET 0 2EHE ”747} AT A, Za&7| 5 F Fe 2R WY ERY U4
A7#] 3.81 log CFUIgO. 25 E 620 log CFU/go.2 Z718Q1, 1 ol T2 %4 24U7kA |
g #7E FASAH. B-1 75 8% AT ExT s Hlast Bgks o, B-1 +F
g0l xvrRg wWE JFF F7IE BAh

L
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=

5

b

L=

-1

3

=

g - -1
2

] —0O— Control
2

2

0 I 4 6 8 10 12 14 16 18 20 22 24
Fermentation time (days)
(19 45. 95 2BHE FRES HE3 ogolHsle] HEI FY Fas Wsh

2) ¢4 starter $R S 283 2Ao|A sl A
0-22 #5E5 A8 AdTY 4, a7 ¢ Fdrs TE AANLZRE 1074 4.87
log CFU/ge. 2 5-¥ 8.62 log CFU/ge.& ZF7}staL, ol %

At z=eQl 28 737 APae A, ' 2r]de Aabdo] BHEEHA gkont o
& gz Z7lele] @E 10Yo]E= 549 log CFU/gO. 5

% 2 1
%% #5E fAs AT Bl :#a‘ég g APTa 2T viwstel Bg ), B-1 #5
AgTo| gxTEYg WME I 7S BEATH
10
- O
S s
=
N 7
2
ri S
g 5
T -1
8 4 el £
E 5 = Critro)
"'g: 2
o

¢ 2 4 6 B 10 12 14 16 18 20 22 24

Fermentation time [days)

(1Y 46. -5 2BE FERIS A& Ao 2ar|t e idkds Wb
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1 pH W3}

6.5

55

== B-1

oo

anjes-pHd

- Control

351

16 18 20 22 24

B 10 12 14
Fermentation time (days)

]

ma

0]— pH

Ho

57|13k

o]

9]

gral

14
»A

s
=

]
(=]

el E.1
== Control

un o ) 4
o o [=] o

(% pioe ypey) Aupoy

=
=]

L

18 20 22 24

2 4 & B 10 12 14 16
Fermentation time [days)

o

5713k

SEEER

el

& MAYRE 129714 pH 6.239014 pH 4.28%

S/ 2447bA] pH #hol oF 4252 #AHE AL
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ATt Aol A9 BE AANLRH BE 12950 0.18%01A4 0.60%7HK Z7}ehE
i E 06%UZ #A9S Helstg

5 2ElE FRIS A4 ogolAalsl vt AAREAZ 2ol Msle] A 4w
L OUE 240 oF 0.45%2A HFEH Mmstel Fe FAE UBIAL, pH gt A9ol=
WE Y] 4492 AFE Vst Bt W, Gh B pHE FASAT

(Tt 2448} 5 FRFF FHAR

o

CE 60. 2olAse] S5 FRAF AR T
@5 57377}
B-1

Lactobacillus brevis 1 (% 1D, 92.3)

2o 2l o 8% 4 startere] API 50 CHL kit 54 ZA¥} Lactobacillus brevis= 78 =31
o}
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7v A A e Az 3

dx

(Flounder creature)

7

Pretreatment
(Removal of head, fin and viscera)

7

Washing

7

Water salt fish
(48 hour)

7

Washing
(Salinity control : 4.6%)

7

Dehydration
(2 hour)

7

Condiment
(Table 1 reference)

7

Starter bacteria injection
(Lactobacillus brevis, E5FA tvl 1%)

7

Fermentation condition
(fermentation temperature : 12.0C,
fermentation period : 12.5 days)

7

Packaging
(PET+AI+CCP laminated film)

7

Products

{Table 1. Sub material amount>

Sub material Contents(%)
Red pepper powder 16.80
Garlic 7.21
Monosodium glutamate 2.96
Ginger 3.70
White radish 10.12
Foxtail millet 13.72
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. gEase) Az 34

dx

(Freeze Alaska pollack)

7

Pretreatment
(Removal of head, fin, viscera, bone and fish scales)

7

Washing

7

Water salt fish
(48 hour)

7

Washing
(Salinity control : 4.8%)

7

Dehydration
(2 hour)

7

Condiment
(reference : table 2)

v
Starter bacteria injection
(Lactobacillus brevis, E5FA tvl 1%)
Vv
Fermentation condition
(fermentation temperature : 12.2°C,
fermentation period : 8.3 days)
Vv
Packaging
(PET+AI+CCP laminated film)
v

Products

{Table 2. Sub material amount>

Sub material Contents(%)
Red pepper powder 14.2
Garlic 8.4
Monosodium glutamate 4.1
Ginger 2.6
White radish 5.6
Foxtail millet 8.7
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o eRojHs) 9 A=z FA

dx

(Squid creature)

7

Pretreatment
(Removal of fish scales and leg)

7

Washing

7

Water salt squid + Sugared squid
(24 hour)

7

Washing
(Salinity control : 4.5%)

7

Dehydration
(2 hour)

7

Condiment
(Reference : table 3)

7

Starter bacteria injection
(Lactobacillus brevis, E5FA tvl 1%)

7

Fermentation condition
(fermentation temperature : 13.5C,
fermentation period : 2.2 days)

7

Packaging
(PET+AI+CCP laminated film)

7

Product

<{Table 3. Sub material amount>

Sub material Contents(%)
Red pepper powder 7.7
Garlic 3.3
Monosodium glutamate 2.6
Ginger 1.0
White radish 78.7%
Foxtail millet 8.3%
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10. 7}AHA] - 2 0] - WE| A ] FLVI TR ES] F 54 L AHF
7b 7154 84T 249 A} (GABA(gamma-aminobutylic acid) A4 44 24

DA L Iy
b #FE¢

7}ZPUV'3H9P LAANNERE FEFTE Flstr] sl MRSHiA| o] 37C ol 48A1ZF wlj &f

S &Y colonygE HYE Z}7F 300F<e EElste] Yo AE T oAl AR o HESk] 3
TCoA 48417 BhA] v sttt 18lal 288 fAt2 20% glycerol = A v gl A7}t
stod 70T ol A BHASAA Aol A&
120 A¥Ee wjgy #F= Thin Layer Chromatography(TLC, silica gel 60 F254, merck,
Germany)E ©|&3t GABAMASl wet 55 AEstdth  Standrde  GABA(Sigma
chemical Co. St. Louis, Mo, USA)= 0.IMO. 2 A x5} 0.5uL% 1W spotting s}, A& &
g9 #FE= 05ul® 39 spotting 3FATH GABARA #F A TLC ol5A AL (20x20,
BuOH : Acetone : water = 4 : 1 : 1) o]t} A& 7]&2 standard retardation factor (Rf)#k=}
H| =%k spots sttt 1 Add $RAEFE 23 AES 98] GABA AEZFS F<lstd
o Qe o AHEA 7] E o] &ate] AASAT fElotn kY] B4 g ofr| 4k
A5 10 g& A3kl homogenizer2 vwisfstal FEld<S F5¢ ¥, 0.45 ¢ m membrane filter
2 odste] d& oA Ohara®} Ariyoshi(12)9] Wl we} £43Ath & o< 10 mLo
sulfosalicylic acid 25 mgS H7}sle] 4T oA 4417 Bk WA A7 T AAE2(15,000rpm, 30
)3l el A F5E8 AASI, A NS 0.22 4m membrane filter2 o33ste] A& oBS E
AARZ ARESET. o AT EA 7] 2L op| A E A 18433, Sykam Co.,
Germany)E Argsted oS3 e zHdow REA3Yu. Cation separation column
(LCAK60/Na, 4.6 x 150 mm)E AF&3t9 3 0.2N Na-citrate buffer £<(pH 3.45, 10.85)2] <&
£ 0.45 mL/min, ninhydrin €92} %<& 0.25 mL/min, column &% 50~ 80C, HI$2x+&=
131C = 3R}, B A 68 minS = st
(2 A8ie] y-Aminobutyric acid(GABA) A TF2| &4 & <l

=)

(7h TLCE ©]&3 y-Aminobutyric acid(GABA) A&+ ==

TLCE o] &3t GABA AT 1x A& Fig 13 20| Yefuydet vz o] %418 MRSH|

=2 + Glutamic acid A7} 1% WA A 71AE] 2k e A2l o] GAFFS HjoFslad zHzh 1502
LAY o}oiﬁ MRSHI#] + Glutamic acid 0%% 7} Hl =] ol A 7}x}u]9} Aol A& GAFS 7}
ZF 15054 sk 711EH H & F600FY £ #FE thAl MRSAA| wfj =] ol ufj s}

o, TLCE o] 83 GABAY FHE sttt y—Ammobutync acid(GABA) standarde} #o]
AMste] Y Ao HF E GABA A4 RAFEZ HAAHIA=H F 7HAH A A
[e)

ot ax
16% oAl daloln 25 Bl 4+ YT
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Fig 1. TLCE E3F 7}xpmAs)o A #3283 GABAAA #F2 &2l

Squid sikhe 2-1 Squid sikhe 2-2
Fig 2. TLCE %3t oA ojals|o] A E2]8 GABAMA#F2 2l
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(b TLCol A GABA A dF= odFH FHIF9 GABA AT &<l

TLCE ©ol&3te] 1At 02 GABAAA O E dSFHE SHAT 18T fFreotvit £47]

o] &3la] y -Aminobutyric acid(GABA)®] $F&F& 3t Ayt= Table 13 2ok 1~16WH 714
JhApm Al S ol A EElgk SHFEoIH, 17, 18-S A3 £t FRAFE|Th 7}
Zu) Al s GABA A TR AT 165 FollA 2, 7, 83 9HE A3t T RFFA+= GABA A
g2 3ol & 5 gtk =3 UHA 4719 TRF EF 0.01-0.03 mg/l00g ER ofF 2
o] GABAZ}F AAEHAS 1011:} HhHo @ ol Aol A EE3F GABA Ad FH
ol 17, 18W 2% = 37.40mg/100g, 5.45mg/100g0.2 7}Apu] 23] THFFE
6] 17 FFol A =2 y-Aminobutyric acid(GABA) A4
= &t ZEubo| e AT

e

m f all
= 0

L OSE
flo
v
ful
=
2
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=
x
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o
i
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E
2
-
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Table 1. 2lefol A 23t GABAAAY FH 59 y-Aminobutyric acid(GABA) A4 = &<l

(mg/100g)

No. Sapmle y ~Aminobutyric acid(GABA)
1 Flounder sikhe 1-1 N.D

2 Flounder sikhe 1-2 0.01

3 Flounder sikhe 1-3 N.D

4 Flounder sikhe 1-4 N.D

5 Flounder sikhe 1-5 N.D

6 Flounder sikhe 1-6 N.D

7 Flounder sikhe 1-7 0.03

8 Flounder sikhe 1-8 0.01

9 Flounder sikhe 1-9 0.02

10 Flounder sikhe 1-10 N.D

11 Flounder sikhe 1-11 N.D

12 Flounder sikhe 1-12 N.D

13 Flounder sikhe 1-13 N.D

14 Flounder sikhe 1-14 N.D

15 Flounder sikhe 1-15 N.D

16 Flounder sikhe 1-16 N.D

17 Squid sikhe 2-1 37.40

18 Squid sikhe 2-2 5.45

N.D ; Not detected.
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. 7bAE], W, 9goj4jshe] det @Hlgk conjugated EPA - DHAS] el 2 =3

D Az 2 ¥

A, e, el dsls 471e HAshE 242 ol §akel Azt

#A23tE AAE oF 05-1.0 g& B3| AFste] mpxUojde] ¥ oF 100 mge] J=ZE
SHME 3 2 mLe YHEEFENS HUMSY npxyoje] EYES Yy 2 mL dESS
H7rste] AA AAZE 2 Aduj7t=] &g} 8.3M H4HEH 10 mLS 93 & d=th vz
Yojge] np| & 15F &2 HEEHo| 2502 UE3 5 70780 T FxoA AHFsH
T2 wykstHA 4083 Bttt myoj@e] #ue ol dAsel & &5 2 5 3
== n 10&8vid wEkE E23d 273 mL FEEXEY 273 mL HodoHEzzFES
AN o] 15 mLAEHORE &7 & 40CFZANA AaFT=8la 2.0mL 7% EZEFLEH
HeE8d 1.0 mLel =70 Hristth HIZE/AGZAEY iz & 453k 100 C
o A 4587t 7FEd & Aoz Wzt 5.0 mL /4, 1.0 mL 4k 2 ¢k 1.0 g F
5 A7 & et BAsta #edE ASAE FHet oF 1.0 g9 FFESAYUE
Fe gE nlo]de Ya g3 & Aggdor Ity 77|84 AgilentAl 7fAH 20}
& Z¥  SupelcoSP-2560  (Capillary  column
polyethyleneglycol 100% ; 100m*0.25mm*0.20um)—€ o] g3tRnor, FYUXE 2505, HEVI2E
280%, split ratio 100:1, % 1.0 mL/min®. 2 3} EAJ3tH .

pr

(2) 74Am], B, 270232 EPA, DHAS| &<l 3 &5
ZFAtu], HH, e oj s e] ARAE 28-S B 23R 4RI palmitic acid, B3R 4ERL
oleic acid¢} linoleic acid7} ®koh 1 9 & X|W4EO Z = eicosapentaenoic acid(EPA)S}
docosahexaenoic acidDHA)7} 1=tl, EPAE b HZEol YA Azt 7199S A4st
+ Y sirtAEY FAAES] W73 Ao s
3l AdFsor sta, g AHETGE 5o, X,
=, el 7 w2 A2 Aolg ot IA|7Eel % %R?ﬂ 3
iiﬂ’“Eﬂi Xﬁﬁ} 547]%% SXA71E 23 A, FHE A
Box Foe d7EAAV HuHQY. DHAE A4 ZAY = S&7
FEo A= 2HW7E3 AWAe] dFoE ARl HAZY Adx 10% B
2 4HA Utk EPAS mizb7tA= DHAS A &Adshes o
wo] 287 st DHAE 3fste 5249 AAd o9&
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ZhAE Al o] EFA g 3087.6 mg/l00g F FLAAFel EPA9} DHASHES  365.8
mg/100g, 297.6 mg/100g FZFS UGEHATE F A GAEE 21.4%E AA 8T o= Joo et
al(199) el Al 1150], &), Fo] 5 olfoli EPAS} DHA ZAn17} 242zt 13.2~28.3%, 8.4~14.6%
AEE Yegty B ook fARE 24HE vERth "HeAdde & ANEEF
1301.3 mg/100g % EPA$} DHA®] ko] ztz: 54.6, 122.2 mg/100go-2 7FAbu] Al f ol u]sj A
o drers Jehglon, 2AH =3 13.8% AEE 7Au 9k oA o]l BlA e H
&< Yt eAoiysidlMe= & AW 600.6 mg/l00g T EPASL DHA e 2+z)
44.4 mg/100g, 151.5 mg/100gS Yety o, 1 gFe Jlxu|dlann IR FAARZ B
S W= = AW F 32.7% M = 2AHE YT
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<E 1 7k 2lsl o) 24t 5 EPA, DHA =49 2 33

Fatty acid Component ZA8)(%) mg/100g
4:0 Butyric acid 0.0 0.0
6:0 Caproic acid 0.0 0.0
8:0 Caprylic acid 0.0 0.0
10:0 Capric acid 0.0 0.0
11:0 Undecanoic acid 0.0
12:0 Lauric acid 0.2 6.2
13:0 Tridecanoic acid 0.0 0.0
14:0 Myristic acid 4.1 127.1
14:1 Myristoleic acid 0.1 3.1
15:0 Pentadecanoic acid 0.5 15.5
15:1 cis-10-Pentadecenoic acid 0.0 0.0
16:0 Palmitic acid 18.1 561.1
16:1 Palmitoleic acid 9.0 279.0
17:0 Heptadecanoic acid 0.4 12.4
17:1 cis-10-Heptadecanoic acid 0.0 0.0
18:0 Stearic acid 3.3 102.3

18:1 trans Elaidic acid 0.4 12.4

18:1 cis Oleic acid 18.6 576.6
18:2 trans Linolelaidic acid 0.4 12.4
18:2 cis Linoleic acid 15.0 465.0
20:0 Arachidic acid 0.3 9.3
18:3 trans y -Linolenic acid 0.1 3.1
20:1 n-9 cis-11-Eicosenoic acid 1.3 40.3
18:3 n-3 Linolenic acid 1.8 55.8
21:0 Heneicosanoic acid 0.0 0.0
20:2 cis-11,14-Eicosadienoic acid 1.5 46.5
22:0 Behenic acid 0.2 6.2

20:3 n-6 cis-8,11,14-Eicosatrienoic acid 0.2 6.2

22:1 n-9 Erucic acid 0.3 9.3

20:3 n-3 cis-11,14,17-Eicosatrienoic acid 0.3 9.3

20:4 n-6 Arachidonic acid 0.0 0.0
23:0 Tricosanoic acid 1.3 40.3
22:2 cis-13,16-Docosadienoic acid 0.4 12.4
24:0 Lignoceric acid 0.1 3.1

20:5 n-3 cis-5,8,11,14,17-Eicosapentaenoic acid (EPA) 11.8 365.8
24:1 Nervonoc acid 0.3 9.3

22:6 n-3 cis-4,7,10,13,16,19-Docosahexaenoic acid (DHA) 9.6 297.6
Total 100 3,087.6
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<E 2. Hejalsfe] A u4k = EPA, DHA %48 9 ek

Fatty acid Component ZA1](%) mg/100g
4:0 Butyric acid 0.0 0.0
6:0 Caproic acid 0.0 0.0
8:0 Caprylic acid 0.0 0.0
10:0 Capric acid 0.1 1.3
11:0 Undecanoic acid 0.0
12:0 Lauric acid 0.4 5.2
13:0 Tridecanoic acid 0.0 0.0
14:0 Myristic acid 1.1 14.3
14:1 Myristoleic acid 0.0 0.0
15:0 Pentadecanoic acid 0.1 1.3
15:1 cis-10-Pentadecenoic acid 0.0 0.0
16:0 Palmitic acid 184 239.2
16:1 Palmitoleic acid 0.8 10.4
17:0 Heptadecanoic acid 0.2 2.6
17:1 cis-10-Heptadecanoic acid 0.0 0.0
18:0 Stearic acid 4.7 61.1

18:1 trans Elaidic acid 0.3 3.9

18:1 cis Oleic acid 10.5 136.5

18:2 trans Linolelaidic acid 0.1 1.3

18:2 cis Linoleic acid 44.1 573.3
20:0 Arachidic acid 0.4 5.2
18:3 trans y -Linolenic acid 0.0 0.0
20:1 n-9 cis-11-Eicosenoic acid 0.7 9.1
18:3 n-3 Linolenic acid 3.1 40.3
21:0 Heneicosanoic acid 0.0 0.0
20:2 cis-11,14-Eicosadienoic acid 0.2 2.6
22:0 Behenic acid 0.3 3.9

20:3 n-6 cis-8,11,14-Eicosatrienoic acid 0.0 0.0

22:1 n-9 Erucic acid 0.1 1.3

20:3 n-3 cis-11,14,17-Eicosatrienoic acid 0.0 0.0

20:4 n-6 Arachidonic acid 0.1 1.3
23:0 Tricosanoic acid 0.3 3.9
22:2 cis-13,16-Docosadienoic acid 0.1 1.3
24:0 Lignoceric acid 0.2 2.6

20:5 n-3 cis-5,8,11,14,17-Eicosapentaenoic acid (EPA) 4.2 54.6
24:1 Nervonoc acid 0.2 2.6

22:6 n-3 cis-4,7,10,13,16,19-Docosahexaenoic acid (DHA) 9.4 122.2
Total 100 1,301.3
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<& 3. 2Aojaso A4t 5 EPA, DHA =408 2 33

Fatty acid Component ZAH](%) mg/100g
4:0 Butyric acid 0.0 0.0
6:0 Caproic acid 0.0 0.0
8:0 Caprylic acid 0.0 0.0
10:0 Capric acid 0.5 3.0
11:0 Undecanoic acid 0.0
12:0 Lauric acid 0.3 1.8
13:0 Tridecanoic acid 0.3 1.8
14:0 Myristic acid 1.0 6.0
14:1 Myristoleic acid 0.0 0.0
15:0 Pentadecanoic acid 0.4 2.4
15:1 cis-10-Pentadecenoic acid 0.0 0.0
16:0 Palmitic acid 20.2 121.2
16:1 Palmitoleic acid 0.4 2.4
17:0 Heptadecanoic acid 0.6 3.6
17:1 cis-10-Heptadecanoic acid 0.0 0.0
18:0 Stearic acid 4.3 25.8

18:1 trans Elaidic acid 0.0 0.0

18:1 cis Oleic acid 9.3 55.8

18:2 trans Linolelaidic acid 0.0 0.0

18:2 cis Linoleic acid 24.1 144.6
20:0 Arachidic acid 0.3 1.8

18:3 trans y -Linolenic acid 0.0 0.0

20:1 n-9 cis-11-Eicosenoic acid 1.6 9.6

18:3 n-3 Linolenic acid 2.1 12.6
21:0 Heneicosanoic acid 0.0 0.0
20:2 cis-11,14-Eicosadienoic acid 0.1 0.6
22:0 Behenic acid 0.2 1.2

20:3 n-6 cis-8,11,14-Eicosatrienoic acid 0.0 0.0

22:1 n-9 Erucic acid 0.5 3.0

20:3 n-3 cis-11,14,17-Eicosatrienoic acid 0.0 0.0

20:4 n-6 Arachidonic acid 0.0 0.0
23:0 Tricosanoic acid 0.9 5.4
22:2 cis-13,16-Docosadienoic acid 0.0 0.0
24:0 Lignoceric acid 0.1 0.6

20:5 n-3 cis-5,8,11,14,17-Eicosapentaenoic acid (EPA) 7.4 444
24:1 Nervonoc acid 0.2 1.2

22:6 n-3 cis-4,7,10,13,16,19-Docosahexaenoic acid (DHA) 25.3 151.8
Total 100 600.6
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7hAm], BEl, 2ol Aol HAsE e ol&ste] Azt

b 23d

AA oF 0.5g& FAg & Falla45EAE d4 TmLet #Akste4A ImLS 93l Microwaving
T Aol HE dow A o
G FEE M5t ALYz AR AHE7]7]= ICP-OPTIMA 8300DW (3 21 A ™)
o] &3l BAsP o, EFEHL quality control 21 standard 218 AHE3la B4 =z7
7F2 85 0.6L/min, A1EFYHF 1.omL/mine 2 3tF 1 2+zhe] bAoAl Na, Mg, Ca, Zng]
o e SAsA

fo o i b rt

all
I

(2) 7HAm], W, Aol Asfo] Fr1d T/ B T
Asf el Fa Fr1dQl Mg, Ca 183l Zno) &%
4 673.3 mglkgo® 7}A mgrom, 1 theo
o)A s7 4194 mglkgo &2 7 e TS BATh Mge WEA gH o & 714
2 JAA WA Zg, A3 A wo thAatel] Fag 7eS S ofn| At A3 Eket ATPY
A, gl Ao AAAR TS ata, AAHAGHEANA BET AR GEE A8
EE BAAES V% st 25S o= TS @k Ca =3 7hAw A s ol 4] 2082.0
mg/kgo 2 7H Egkar, Aol oA 100.9 mgkgo 2 HE wskth shAmAsol A tE
A 7ol Hls o]FA =& =,
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z =
Cad &< Uetd Aoz A7 Ca2 Y 31, &5Y F574 ol AAY A 9
5, AAAG Bdo Bu), G40 A3, §Ro &%, WMIFY AFAE, AEo Y o
P& AL ZE Foll BAst Ja, AlEus B3 Edolwe AR IS g =
g FUERT ofyg AT 2H, G, A O FAE 9&E = 71Ee] Utk Znd
gFe 7zt Ao Z AolE EBolA= ¥ou, Mgt Cadt g eAgojasolA] 5.547
mg/kge 2 7 =& FHe B, Helds oA 3.360 mg/kge 2 JH wre S BT
Zne /A WolA MEE FASE AYHR 7l5s Fdste dEHQ Fr=dE F53HA
HH 4 o 1ol AAFoE e 7 Jdon A& BAE oA HY AY A

9] =]

Rl
A o= Mg 248 T2 EA47F 2
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Table 1. The amount of trace elements(Mg, Ca and Zn) in Sikhae

(mg/kg)
Sample Mg Ca /Zn
Squid Sikhae 419.4 100.9 5.547
Alaska pollack Sikhae 597.4 169.8 3.360
Flounder Sikhae 673.3 2082.0 4.217

g} 7FA\], He), 230439 FudYA GABA(gamma-aminobutylic acid)s AZ715AEA
o] AF

A7 A 7], e, Ao s o] HAsH AxFAHOE Axsted  y-Aminobutyric
acidGABA)9] $t#S =A3 A3t ® 13 2ok y -Aminobutyric acid(GABA)$F-2 w4 Eff 2] 3]
7} 23.28 mg/100g2.2 714 =& seks veugen, S o457t 18.76 mg/l00ge2 T W
A2 = TS U AT 7HAe A8 ol A 15.76 mg/100ge. &2 714 & GABAE 33t
AT Oh et al (2013)] w=w GABAE 28l e] Lactobacillus brevis, Lactobacillus
plantarum¥ 22 f4ltdo] AEEE LS It &EiA ded oHdd FAHFER QU
28] GABA7} AR Aoz AlgHT. GABAQ F4kd WolA e a7 &S Aw i,
GABAE kA2l 4tell tish Ul 7129 3o 24 L-glutamateZH-E F3kE o] YA = of
Atk & 719 Asie] HAASA AxI3AHS FAdstd HEAS AA e monosodium
glutamte(MSG)2] &&Fo] 4.1%= 714 o] HIUlEo] g & A& Hlsty] & GABATHS
Uetd Zlo 2 Al HTh

O

W

(mg/100g)
Sample GABA(gamma-aminobutylic acid)
Squid Sikhae 18.76
Alaska pollack Sikhae 23.28
Flounder Sikhae 15.76

ot 7 A], BE, o439 FEjolrxt FF H 1 = <l

7hAm], e, A o)A frefotr| 4t S B 3 TR frelotr]iito]l F ofm
wAke] 50%E RS A9 B2 siAm, WE, ool A= glutamatert 50% ©173
S AAst Yo 7R A E = glutamate 1964.80 mg/100g, aspartic acid 84.38 mg/100g,
taurine 41.93 mg/100g, WElA = glutamate 3257.98 mg/100g, aspartic acid 112.61 mg/100g,
alanine 43.63 mg/100g, <23 oj2}d+= glutamate 891.04 mg/100g, taurine 58.72 mg/100g,
arginine 45.89 mg/100g S°] F& fgotn|ito g 7iztu| el He o] Hla] o] e AA
=0 ¥ol FgfFEol A& taurine> EMFES HEEOY B2 AEYFH 75 sted, &

ZAAE WED AEAAV 7S FAS=Y B4FHol, HE A (blood brain barrier,

ox
o

s i
\
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T F M AFAE=ES Fa, sty Tlse A= T
Nee 24T F& AT E AW ZAMLE i, AFEse 24 2o e A
T JaL, Az A& HRtE dAsts 9Ee st AeE2R dEA Ao 2 9l &
E FEobriesiel g-ABAE HdAS 9 ol &Y 9o Mo MATIFE TV OEZN
H Az Al se FIATIA AAS dAANTH EdFE si&sr = shal, 404 o] 5
3 1ZH= ARAZELE AWARZ AYS dAst 255 AT Vee AL

(mg/100g)
Flounder Sikhe Alaska pollack Sikhe Squid Sikhe
Tau 41.93 41.69 58.72
Ala 25.61 43.63 36.16
Lys 2.75 28.87 13.68
Leu 18.90 40.83 29.20
Glu 1964.80 3257.98 891.04
Val 21.59 27.34 19.42
Tyr 13.37 15.06 7.80
Gly 10.71 11.38 10.62
Met 9.14 13.46 14.84
Arg 6.72 24.56 45.89
g-ABA 15.79 23.28 18.76
His 3.90 3.49 20.22
Asp 84.38 112.61 31.86
Cys 0.00 0.00 23.10
Ser 14.50 22.74 11.32
Thr 12.50 20.71 12.25
Phe 13.37 23.30 19.33
Total 2259.96 3710.93 1264.21

vt 7hA], B, 204 IR &

(1) 2Hoj2sle] JF

SAo A0 PUPRLS B B 787% 23 H 35% 2T §1% B5EE 9.1%, =AW

0.6%, E3hA4F 0.1 g/100g, EA=AT 0.0 g/100g, Za] B2 108.35 mg/100g, }EE 1048

mg/100g 121 % 2= 74.2 kacl/100g0. 2 EFTh A0l YAl MAA 7] YAk
]H

o,

Aol wel ga Zole AAAT, AL E AAstAL SHFES ARSSte] Alx7 AsjolE=
dol A, =diidy} ga3ts o] = Uekgt. £33 Ao AAld =

dzEEo] Bol ool AT Be FHAHE FFS B 5 Ytk
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Table 1. Nutritive components of Squid Sikhae

Components Squid Sikhae
Moisture (%) 78.7
Crude ash (%) 3.5
Crude protein (%) 8.1
Carbohydrate (%) 9.1
Crude fat (%) 0.6
Saturated fatty acid (g/100g) 0.1
Trans fat (g/100g) 0.0
Cholesterol (mg/100g) 108.35
Natrium (mg/100g) 1048
Calorie (kcal/100g) 74.2

(2) B4 sl FFHE

el 2] 3] 2] ‘?—-l‘?l"é%i‘—% B B3 714%, 238 8.2%, =99 11.8%, ©F3st&E 7.3%, £

ub 1.3%, E3A A 0.2 g/100g, EA=AM 0.0 g/100g, =& 2E2 108.35 mg/100g, LYE

2653 mg/100g 18]31 Z-Zg = 88.1 kacl/100go. 2 YelYt He+= AAE5ESQ 23 o] Hl3|

ﬂﬁ“él«l gheFol Fa1, Rl wet Aol o]l AA 2t Ao BTy Ao §FiFol

= 2 F5HEu. 2ga A8 AlxA @A GRS st Ao ge 2y
s

gasol A B2 HEF FFe = F UM

J
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O
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o
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Table 2. Nutritive components of Alaska pollack Sikhae

Components Alaska pollack Sikhae
Moisture (%) 71.4
Crude ash (%) 8.2
Crude protein (%) 11.8
Carbohydrate (%) 7.3
Crude fat (%) 1.3
Saturated fatty acid (g/100g) 0.2
Trans fat (g/100g) 0.0
Cholesterol (mg/100g) 48.71
Natrium (mg/100g) 2653
Calorie (kcal/100g) 88.1

(3) 7R A& o] o oFAd
rA>AR=ESEC RS RRCIRZ S IR
ZA% 3.1%, E3FA| g2k

BY SRS 69.2%, 23E 82%, 2w 11.2%, w552 8.3%,
0.7 g/100g, EA A4 0.0 g/100g, Za 2= 108.35 mg/100g, LE
F 2549 mg/100g 18l ZZ2El= 105.9 kacl/100ge.2 Yelgth dAAQA dES He A9}
2 atolz} glouk, AR A4S AxA A A AAE WA 2 ARl Azt
MEo] A AR ge Aol Faslol dol 2Ae] FFo] A 248 Ao 3=
3RS e w3 Be

rlo
P
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Table 3. Nutritive components of Flounder Sikhae

Components Flounder Sikhae
Moisture (%) 69.2
Crude ash (%) 8.2
Crude protein (%) 11.2
Carbohydrate (%) 8.3
Crude fat (%) 3.1
Saturated fatty acid (g/100g) 0.7
Trans fat (g/100g) 0.0
Cholesterol (mg/100g) 78.63
Natrium (mg/100g) 2549
Calorie (kcal/100g) 105.9

0,

@) 7FAm], W, 2o 4o HEwl TR/ & R A=

o Ao, B, 7FAu|2ls)e] vlel §3S Table 59 YERATH BIEFT] By =& vpojolrlolg}
Ee UaEeEke 589 3 437, 88, 57 T Bol dFEo Aok FFS 2o
oAl 1.33 mg/100ge 2 7} vrgtom, spxpulAla|el A 5.97 mg/100g, HEf2 &l A 56.63
mg/100ge.2 71 £ d&Fs UEHlth 11 57, §a], AR 22 w24 A5 FAF
o] AFFH HRFYNLS IdF ol Fastth FS 2 o454 0.08 ng/100ge =
74 gk, HeEjAsiel 7hAbu sl A 0.13 ng/l00ge.2 22 e yEldd. ol oA
gaFo] eAojHT VA Y HEZF =] wEo] YEhd Aoz F=Hth HElRICY -9
HeEf Aol A 4.45 mg/100gS WERARN S ™, ZEAE 287 0.67 mg/100g 27 o237 1.79
mg/100g A =5 Yehf it

Table 4. 7}xtv], WHef, Qo] 23] nletdl g

Sample Nicotinic acid Riboflavin Vitamin C
(mg/100g) (ng/100g) (mg/100g)
Squid Sikhae 1.33 0.08 1.79
Alaska pollack Sikhae 56.63 0.13 4.45
Flounder Sikhae 5.97 0.13 0.67
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