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SUMMARY

I. Title
Technology Development on Low-salted & Fermented Seafoods and
Hygienic Packaging

II. Objective and significances

Fermented seafoods has played one of most important roles both
as food materials and also economic utilization of under utilized
marine resources like small fishes, shellfishes or by-products of fish

processing.

It is generally recognized that a series of processing technologies,
i1e. reduction of salt content as low as possible, establishment of
objective quality standards, improvement on packaging and quality
stabilization during distribution, etc. were required to meet the

consumer’s need.

In this connection, technology developments on low-salt
fermentation process of plain salted and seasoned anchovy were
conducted to increase commercial value of traditionally fermented
seafoods in Korea as 1st phase study. And technology development
on low-salted shrimp was intensively studied in 2nd phase. In last

phase(3rd phase), value—added process development was conducted by



disrupted alaska pollack roe, herring roe. To satisfy internaltional
standardization of seafoods packing, technology developed in sanitary

packing materials and packing method.

1. Content and Scopes

In the present study, fermentation characteristics of whole anchovy
were experimentally investigated by conventional salting and
fermentation process at various salt concentrations & temperatures.

In addition, possibility of partial replacement of sodium chloride to
potassium chloride, feasibility of reducing salt concentration by
applying brining in place of dry salting, application of carbon sources
to promote lactic fermentation to obtain light acidic fermentation
condition

In 2nd phase, low-salted and fermented shrimp was developed.
Optimum salting method was identified as brining. Shrimp was
adjusted to 15% NaCl content and fermented under 10T condition. 6
0~90 days were required for its optimum ripening stage. To develop
the sauces by using protease existed in fermented shrimp, protease
was purified by several purification steps and characteristics Were
identified.

In last phase(3rd phase), low-salted and fermented short-necked
clam was developed. For value added product development, alaska
pollack roe, herring roe was used and aggeregative and fermented roe

was developed. For sanitary packing, various packing materials were



used for packing of salted and fermented seafoods and quality
changes were analyzed. Fish sauce was cold-sterilized by filtration
and UV irradiation. And vacuum packing(660mmHg) and

non-transparent packing materials were used for sanitary packing.

IV. Conclusion and Recommendation

As a result of experiments, followings were concluded.

1. It was possible to prepare low-salt fermented anchovy(NaCl 15%)
by fermentation of brine salted whole anchovy at 10C for 6 weeks,
and optimum conditions for brining was identified as 12 hours in
saturated NaCl solution at 15C. Approximately 30% of NaCl could be
replaced to potassium chloride without specific adverse effects on

sensory quality.

2. It was possible to prepare low-salt seasoned and fermented
anchovy(NaCl 10%) by seasoning brine salted anchovy with
pepper(4.5%), ginger(0.5%), garlic(2.5%), glucose(1%), sorbitol(4%) and
alcohol(0.15%). It was recommendable to store experimentally
prepared products at chilled temperature(10C) to maintain good
quality and their shelflife was estimated as 3 month(plain salted & »
fermented product) and 4 weeks(salted, seasoned and fermented

product), respectively.



3. Low-salted and fermeted shrimp(NaCl 15~20%) could be made by
brining using saturated brine. Low temperature(below 10T) was
required for stable fermentation. After 4 month, good quality salted

and fermented shrimp was produced.

4. Protease was purified to identify the enzymatic properties of
protease from Saewoo-jeot (salted and fermented shrimp), Korean
traditional food. The optimal pH and temperature for the enzyme
activity were 80 and 40C, respectively. The enzyme was
significantly activated by manganese ions, while inhibited by STI,
TLCK, metals(K+, Li+, Na+, Mg++, Ca++, Co++, Cu+¥, Hg++, Zn++,
Fet+++). The Km value of the enzyme was 51X10°M to
hammersten casein. The enzyme activity was decreased with
increasing the concentration of NaCl. It was suggested that purified

protease from Saewoo-jeot seemed to be trypsin-like enzyme.

5. The proteolytic activities of crude protease on muscle proteins of
beef, pork, chicken were also analyzed by SDS-PAGE. Crude enzyme
easily degradated both heat-denatured and native meat proteins.
Protein degradation was rapidly occurred and most of myofibrilar
protein was disappeared within 5 min. Heat-denatured chicken
meat(100%) was most easily degraded than heat-denatured pork
meat(47%) and beef meat(31%).

6. Dipping sauce and meat tenderizing sauce was developed by using



the proteolytic properties of salted and fermented shrimp. Pineapple
and pear juice were co-used to elevate the protease activity.

Developed product showed strong protein degradation properties.

7. As for developments on value-added product, disruptedv alaska
pollack roe and herring roe were develped as aggregated & fermented
fish roe and salami-type fermented roe. Aggregated & fermented fish
roe was made by brining in edible collagen or cellulose casing. It has

good ordor of fermentation and rheological properties.

8. To obtain sanitary packing method of fish sauces, cold sterilization
processes, ie. high—pulse technique, filtration and UV irradiation, were
conducted and changes on microbial roads after treatment were
analyzed. High—pulse technique was not applicable because of
overheat generated. Filtration using catridge filter(0.2, 0.5um) was well
applicable than other methods, and microbial cell count was not

detected.

9. Common food packing material(PE, Nylon/PE, PET/AL/PE, glass,
plastic) was identified as sanitary in packing of fermented seafoods.
But metal can was somewhat dangerious because heavy metal ions

librated in model system(saturated NaCl solution).

10. Fish sauce was packed in transparency and nontransparency



plastic bottle. Fish sauce packed in nontransparency plstic bottle
showed quality maintenance properties because of UV protecting. In
packing solid state fermented seafoods, vacuum packing(660mmHg)
was recommended because of its shelflife extending properties(about

25%).
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A 23 A4 2 9]

A 13 A3A=

1. A 80}

7} 4R

B3, Engraulis japonica(A%: 9~12 ecm)= A vt Z84kE @4
TY43te dry ice® ol &3t F&F4st AFHA7A 29 F 20 ke
99 boxdEE o]F Hd ¥Aee] -30CedAM ARG AFAEE
10T =4 A AAAE ] A T

Az EX9 durgdE B4 ARE Table 49 YT 2993
ko] 16% A X33 VBN(volatile basic nitrogen, Q‘?—i"éﬁﬂ. 2A24)
dFe 134me% = Ebsren AN(Formol nitrogen, NHx-N) &3
014% % Yeh} A=s EF5d "ol

Table 4. Chemical analysis” of anchovy used in this study

pH 6.54
Moisture 74.5%
Crude protein 16.2%%
Crude fat 5.3%
Crude ash 2.3%
VBN” 13.4mg%
ANY 0.14%
1) Analyzed by A.O.A.C 2) Volatile basic nitrogen

3) Aminoino—nitrogen(NHz-N)
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. A
@ AHEE FHEQ AFE AR FAAAQYL AG A9,
371 &8 SAA AMF o FA 7o stFo] TR o ALF HA
FHsts A5 B FFATU o FAF HAAA btz dFd @
To AYspoen = 2 4FHd= 989 AL incubatore] X3}
HA 94 A5E ALES A H(Table 5)

Table 5. Results of chemical analysis of shrimp used in this

study
Components : Sorae Sinan
Moisture(%) 71.24 69.83
Crude protein(%) 126 138
Crude fat(%) 20 1.8
VBN(mg%) 18.75 18.77
Amino nitrogen(%) 0.14 0.12
. g, Aoz

Axy Baojd e AEE PFTL 10kg block FHHe BB T
< TY3 24389 )\}%5}91‘3}. B B9 xR Aol 2668%F ¥l
A Egon d5E 1.75% o). Hojde AS g dxd
Aele] 9EE TSt APo] &AL FHo] 60.18%E ZHHIA
ov YEE U5%E =UC B, Hojde IvkAdE B4 AdE
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Table 62} 7t}

Table 6. Results of chemical analysis of fish roes used in this

study

Components Alaskapollack roe  Herring roe
Moisture(9) 71.84 60.18

Crude protein(%) 26.68 14.43

Crude fat(%) 0.95 0.43

Salt 1.75 2455

VBN(mg%) 834 90

Amino nitrogen(%) 022 0.04

2. A=
2 Agd AFE3 4732 NaCl 5% AAGeolslew dipping

sauce AZXE AT FARZE %, 49, EQ, 1FF 59 zvigg
d AEAD ARE AMEIHH. T 9 =7
2e B34 AT ¥ FoAvRAA Fasides &, AARE, iz

A%, mis 5 S FeAE AN Fesd ALgstgh

Starter culture CHR. HANSEN Co,22 %y F43%



SL(Staphylococcus carnosus + Lactobacillus pentosus)& B A3 of A}
$3R L ALEE starter cultures -5C2 YERHFAA AR 107
cells/ge] # ¥ E7} HEE SRS AdY9AA 989 TIA As1a4

1. 25874 29 AL A3 A3 Ne79 44

HBE 3% HAFE FASL 10T Wee HLoa 3087 &
W71E & v Table 79 2 43 AYTFE ¥Ase] dFsigon
0L &% &9 grld ¥e § FUBS 3o 7t 252 zAHY

incubatorel]l ¥& ¥ $4 23 A8 FAH9.

Table 7. Sample treatment of anchovy fermentation

Material Temperature(C) NaCl content(%)
ATY 20, 30, 40 15
Anchovy ATY 20, 30, 40 20
AT 20, 30, 40 25
ATY 20, 30, 40 30

1) Ambient temperature



2. Brining W

HE5 10%(w/v), 15%, 20%9] A%, TIAA5-E AEsun. 2
Ae A% 48 A yE2 239 9804 Ao 8L, A
T, ZAEE] FAC dste] o 108(v/w)Fl 2eE 449e A%
stk AA e TEE 4oz A8 42 15C2 uqste g
AFEY 52 Fdsin.

3. Zvj2a XA Ax

HAE 3% HAETE AR FAT F 4AE P39t I4A 34
< brining(Y A, BEE) 1Y D& FUste dPaov] FEI &
= AAZ F FARE A7ete] SA4TE AR EE 2AA A
EA AHgE FAEE Table 85 2ol o= FEAZY 712 wigu=

714 5313 4" E wPdvE olgsigon A9E RAAUEE
=371 A8t glucose ¥ carbon source® 1% #H7lste] ZnA &

Azxste] 2 TEEAHL S AEIIAT

Table 8. Recipe of seasoned and fermented anchovy

Ingredients Ratio

Red pepper(powder) 5

- Ginger(fresh crushed) 3
Garlic(fresh crushed) 3
1

Carbon source




4. A 59 AY9LEE HE 9A 23 F4 49+ 24
BEEE 5%, 10%, 20%) Adsst A FTE AHESt] g4
L Psgon 2xE AgdHoz HIEr) AL 2% 15TAA
brining 3% ™HTable 9).

Table 9. Sample treatment of shrimp brining

Material - Brine Temperature(C)
5% solution
Shrimp 1096 solution 15

209 solution

saturated solution

5. Q1S9 #5387 9 A2 93 43 A7 4AA

A ATE o] 83t WASE brining At A$ojAe A
C %, 15% ¥ ¥NEFE 2AF F -20, 0, 10, 20T L AezAdA
S A7IHA 25 2 dEEd uE ey 4 EXAL BAsg
(Table 10).
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Table 10. Sample treatment of shrimp fermentation

Material Temperature(C) NaCl content(%)
ATY 20, 30, 40 15
Anchovy ATY 20, 30, 40 20
ATY 20, 30, 40 2%
ATY 20, 30, 40 30

.oES o] 88 TRAAA Ax

of W &7, FE 5L E1 1z
of 23 E¥EY LEAANXE  AZRIIPR olF  cellulose
casing(Securex, 25mm)el] XA ¥ 54 € AXE FAAdHT 4

272 Table 129 2t}



Table 11. Formula used for the production of fermented

sausage with roe

) Sausage group

Material A B c
Herring roe(%s) 25 . .
Pollack roe(%) . 25 25
Surimi(%6)" 25 25 65
Lean pork(%s) 40 40 .
Pork back fat(%) 10 10 10
Salt(94) 2.8 2.8 2.8
Glucose(%) 1.0 1.0 1.0
NaNO2(%) 0.01 0.01 - 0.01
White pepper(%) 0.25 0.25 0.25
Coriander(%) 0.05 0.05 0.05

1) S.A grade prepared from allaska pollack

Table 12. Ripening conditions of fermented sausage

Time(days) Temperature(C) Relative humidity(%)
1 22~24 94~96
2 21~22 ' 90~92
3 18~20 85~88
4~20 12~15 75~80

A 34 o5g3 AU
pH 2 33d4% 4R
A ELE AOACY EE Pyl wet 489 pHE glass 43

o

0] -3 pH meterZ, F A4 (total nitrogen, TN)S Kjeldahl®, Z =4t



< cthyl ether® $WZ 3= Soxhletd, 32L& AXIFE g
Mohrj .8 &334},

i

Ax £4
A7) 10mLe HAste] TEF AH4E A& 0.IN NaOHE FA 3o
lactic acid #F%E =3 %.09 lactic acid F3FH (%)Y &AL &
3 2
mL 0.IN NaOH x 0.009
Lactic acid(%) = x 100

Weight of sample

olnj e} A4 (NH-N)9] 33

Formol &AW we} tf &3 2ol FAFAt F, A5 E§9 20mL
o 574 80mLE& 718 o& 0.IN NaOHE 78t} pHE 842 4%
% 4 ¥=2u1d $9 0mLe 7153 B4 01N NaOH £902 pH
847t 2 w 74A FAste &¥E 0.IN NaOH mLF(A)E ol o] o
H3te] otvixce] A4 FFE FASAUY old 44 14% 01N NaOH

ImLe] 493} Formold] 249 mgs UehAT

(A=A A-AEAEY A)x14x F
NH;-N(mg%) = x 100
Weight of samplé(g_)




AL 4719144 (VBN) 33

Conway unitE ©]-83% micro diffusion methodZ ZX3Ach =, A
E 5g& AHFA 4% trichloroacetic acid 20mL9} E33ta] 3087 ut
AT g5 S8R JAA7L B3] ImLE conway unit 9|40
A7bsta el N/150-HCL 1mL$t ¥3} K.CO; ImLE #718 § 37C
olA 90E3F WA T t& N/70 Ba(OH):2 HA3ste] VBNYE A3 9
1=

Water activity &3
A5 9 dA%9 F£E#AL thermoconstanter(Novasina RA/KA,
L2l 2HEA A

=
9 7tA 52 HAo=2 #FAse HY

SDS-PAGE

v AR 04 g& A FFEe 75 mLe 8M urea-2%
mercaptoethanol-2% SDS-20mM Tris-HCIU(pH 8.0)9] &g A 7}a}o]
100Cel Al 287 7FE S F HA2oA 20413 ZytslaA 7183 XA
7H83 A7l &4 Biurety o] ot @A g AFsgon F79E
of TAYE We A7 ABF 20 HE Hs U Ar9FLe
Laemilid@ol 23 10% poly acrylamide geld ©]43te] #atm
Coomassie brilliant blue R-2502 d43tgom €42 50% methanol,
7% acetic acid®Z 3087t @2 ¥ 7% acetic acid= gel®) WA o] £33
2 d7x gxg P
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Wo-W;
Adweight = x 100
(F-A o], %) Wi

Wi = weight of sample before brining(water free)

W, = weight of sample after brining(water, salt free)

Z849 2 7129 =4

B A AL QAL Aspds AT ol ol gEo] AN
A Azxzd AFRAo2A 15C FLFA AZsHA $AF7d =&
& A$HE& homogenizerZ2 TAZ AA 6000XgolA AR} F
Az=He A7 547 (selemion electrodialyzer, TYPE DS-0, Asahi
Glass Company)E ©|&3td AXE7l 2% °lst7l Hx=F €9AU A&
ZEAR0E 3o AP AHEIATH
AHEGE SRE9A VARE /M E ST 8, &5, A8 5
2 Ay AAZRAE /bsdd AAAeH HE¥dride 10T
BE E9A 208 MEstdd

o

o

49 AA P9
A A& MA homogenizerdl 23 TASAIA 6,000XgolA 30&3
AAEEHF F A5 HE D754 7)(Selemion  electrodialyzer, TYPE

DS-0, Asahi Glass Company)Z ©]&3] €9 #AS AXA NaCl =7}
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2% olsi7t =% & F 80% ¥3§x=9 ammonium sulfate §94-& 7}
sl @ES JFFAAD. o] FAEEL FA4F F Sephadex G-100
cohimn(25X100 cm)’el loading® ¥ 0.01IM  phosphate buffer(pH
70)Z fraction volumn 5 mL, elution $%% 8 mL/hr2 FEFAAT
Fraction ¥ @& #3] 45 EE DEAE-cellulose column(25X30
cm)’gell Fhske] G471 AHET buffer2 §EAA £I5A9o9 AA A
A #AAL Fig. 37 2o

chuld Ak
Column &9 9WAL 280nmoA A4H FFEHez 53
g o 199 Biuret® 9 ¢34 Bovine serum albuming X &

gz Agse] Bua g8 34890

AsAoz8e 23 protease? &4 Anson®] W #KEe @
$ Wy 3o Z2AEY. = F4AvEEAL 01 M phosphate buffer
mL, 1.5% hammersten casein 1 mL, £4% 1 mLE Y3 37CA
307t shaking water batholA] Wk&A}7]a 5% TCA 25 mLg Yo
298-g AAANRY. B84 FAL 12000XGolA 1083 44
288 F 439 1 mLol 055 M Na,COs 25mL, ZFF2 34 A&
Fol'm—ciocalteu AlF 05 mL& 4o 37CelA 30& WA F 660nmel
Aol FBEE FAAL. 48 WA 2 gz2Fe FFE Aol
£ ®F FAA tyrosine % (ug/mL.min)o2 #4tste] FA5H
= oF 1 mLo] 1831 ol A3 tyrosineS A3

oo
FE 1 unitZ A5t
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Saewoo—jeot

homogenize
centrifuge(6,000 X g for 30min, 4TC)

Supernatant Precipitate

electrodialysis
add ammonium sulfate
centrifuge (8,000Xg for 30min, 4C)

l

Precipitate ' Supernatant

dissolve in 0.0IM phosphate buffer(pH 7.0)
dialysis against 0.01M phosphate buffer(pH 7.0)
freeze dry

dissolve in 0.01M phosphate buffer(pH 7.0)

Sephadex G-100 ColumnChromatography

freeze dry
dissolve in 0.01M phosphate buffer(pH 7.0)

DEAE-Cellulose Column Chromatography

freeze dry

Purified enzyme

Fig. 3. Procedures of purification of protease from
Saewoo-jeot



EAF 33 2 &% 33

AA 249 EAFHE Laemmli Wyol we} SDS-PAGEZ &A39]
o A7]49% A7 ¥ Rmlrelative mobility) ol o} T34 L 2
48t AAE 249 RmEs di$AA AAFSA ol REFLZE
bovine serum  albumin(MW:66000), egg  albumin(MW:45000),
glyceraldehyde—3-phosphate dehydrogenase(MW:36,000), carbonic
anhydrase(MW:29,000), trypsinogen(MW:24,000), soybean trypsin
inhibitor(MW:20,100), a -lactalbumine(MW:14,200) & AM&-3tgith.

pHO 4% 2 AAA
pH 25~119 WS/t HxE wE pH ¢435389(pH 25~55 0.1 M
citrate buffer, pH 6.0~8.0 :0.1 M phosphate buffer, pH 85~90 01 M
tris—HCl buffer, pH 10.0~11.0 :0.1 M sodium cabonate buffer)e] &4
4 1 mL 714 €94 1 mLA 7tete] 24848 34 v, pH
AL 4 pH $F LA 2 pHE 2HT 84 9S 4TA 2447
WAG F JVTCAAN 24848 FAR] A€ 348488 w3t

_11)1'

259 9% 2 AAA

AL HA £%¥E 0.1 M phosphate buffer 1 mL, £4% 1 mL, 713
1 mL& 10~50CeA 3023 wHeAA 484 S SR8 252 &
AL o8 XA WXE a4 AzhE gud B &4 %
3o FE 4 B4 & nwsgh

E
M
tjo
N



A7 A AT HeAS BHE Agd 1AL trypsin®] 713
¢l N-benzoyl-DL-arginine p-nitroanilide(BAPNA), p-tosyl-L-
arginine methyl ester(TAME), chymotrypsin® 714 N-acetyl-L-
tyrosine ethyl ester(ATEE), carboxypeptidase? 7]12 < hippuryl-L-
phenyl alanine(HPA)E Al&3% 2% BAPNAL Erlanger 59 94,
TAME+ Walsh® W9, ATEES®l HPAY¥ Bergmeyer 59 W o
g3 71d &S F33AY.

Km #

7129 skd fE2e 54 g & FAHII A9 49
7}A FE(10~100pg/mL)2 %3 @ hammersten casein &% A A
P ¥ 1/ Sd dg 1/ vy
Lineweaver-Burk®d ©. & plotsld ¥ AMo=2HH Km #& T3
Aot

548 VEAA Ve £EE 53

-

&0l 9

7% ol2%9 LiCl, KCl, NaCl, CaCl;, CoCl;, CuCl;, MnCl,
MgCl;, BaCl;, HgCl;, ZnCl; FeClz2 1 mMo] HEH H/NE 249
1 mLE 37ColA 603 w3A7 Fd 71d= 1.5% hammersten
casein 1 mLE 7}8t9 casein £AF & 3, v AgA .

AdAd 3%
AdAS dFe 4 ANAE FEUE o] xLAF v W
& A7 Fol A} BEAA EABHE AT AEE A



A 2 metallopeptidases®] # 8] A ¢! ethylene diamine tetra acetic
acid(EDTA), thiol-protease®] = al#|<l iodo acetic acid(IAA), serine
protease(trypsin-like  enzyme)$ A ;A soybean  trypsin
inhibitor(STD3%  histidine 719 W38 E N-a-tosyl-L-lysyl
chloromethyl ketone(TLCK), chymotrypsin9] A 3 A <1
N-tosyl-L-phenylalanyl chloromethyl ketone(TPCK)< A} & ¢ t}.

10g # 3t HB+F peptone water(1%) 9OmLE 7}
FoHo 2 vt g F 1087 shaking incubatorol A Awrste] FAste
% 108 4stgon of AN AL plate count agart} 71EF AFE
WAl =wstel 37TAM 48Xt wFstanh FUAFE HAAE
VRBG agar(Difco) 16mL% £ 23 &, 1 ¢9d A VRBG
agar 10mLE Yol I3AA 3BTAA 2447 wi%d 3 gy
colony& AF3HT. nAESE 38 AS FFAE Jehp ol

Ax 4

A|AF ABE colour difference meter(Yasuda Seiki Seisakusho,
LTD)E °]&3t9 L, a, b &2 FAFAG. oW 4L L=892
a=0.921, b=0.783°| At}

Frelobv et 43
A5F 9 ofv:4t B8 phenylisothiocyanate(PITC) §XE4E wEo)
HPLCZ #A4al& Pico-Tag obvledt 24w o8] @stdlc. =,
Fotv=ite A2 4AFE 6N HCIE 7M5R38iste, faoluxite



AZ 20mLE 95% ethanol 80mLe} £33t #23d v oA 25%
o TCA &4& 7Isto] @¥dE AAAD £ 3000 x gl A 2087 9
ARt d& AFFE Amberlite TR-120 column(100~200 mesh, 2
cm X 20 cm)ol 1~2 ml/min® £E2 &8 oluxile EFA7 F
°I& 2N NH,OH &94A &&AA ZA4s: & & 43FE I
Z4z} PITC Hr=AE WE ¥ pH 229 citric acid buferg 713t 5

Mmol®] F=7F HEF 343 ¥ 02me membrane filter2 o 7}s}o] |

EHE AR 9o HPLCY #5x7L thg Table 137 2t}

Table 13. Operating conditions for the analysis of amino acid by

HPLC

Instrument: HP 1090 HPLC(Waters Aésociates Inc. USA)
Column : Aminoquant @ 2.1 x 200 mm (Waters)
Solvent : Channel A! 200 #M Sodium acetate buffer containing
0.01826 TEA+0.3% tetra-hydrofuran, pH 7.2
Channel B: 20% 100mM sodium acetate buffer, pH 7.2
* Detector : HP 1046 UV detector at 254nm

6N HCIO4 €9 50mLe} &3l i?—xl:g]."_} ];],_% oy x}3}
o] Agddo] 47 5 mLe AALF & A(pH 76) 5 mLS EFstaL 4
s4e 39 membrane filter(0.2/m)3 F HPLCE ©]§3t9 #4133

<3

. dxHA FFEAG-ATP, 5-ADP, 5-AMP, 5-IMP, 5-GMP,

>4



Inosine, Hypoxanthine)& sigma chemical co.9] ZFZAIFS 913519
AL o™ AEL ETFEHY A =9 retention timed Hlarstel 7} A)

T &% peak BAHOE eI HPLC E4%72 Table 149 2
o}

Table 14. Operating conditions for the analysis of nucleotides
and its related compounds by HPLC

Instrument : Waters Associates HPLC system
Column . u#-bondapack C18(3.9 mm x 30 cm)
Mobile phase: 1% triethylamine, phosphoric acid(pH 6.5)
Flow rate @ 2.0 mlL/min

Chart speed : 0.25 cm/min

Detector : UV detector ar 254nm

Hed §148

A& 20mLol 75% ethylalcohol 80mL& 718t #A3e S Q48
Z(3,000Xg, 20 min)dtd HFeHE ®EsaL LAl "l 7%
ethylalcohol 50mL2 713l xR o2 AAELYT F 4548 £
gto] A=A olAE dAFY EEA XUYS By,
Resnick 59 Wy wet oj2udsx AE stk =, 5449 A
= 40~50mLE amberlite TRA-410 column(100~200 mesh)o] 1~
2ml/min® £%2 EFITE FASI 15N (NH.)COz; 100mLE& 1~2
ml/min® £E2 E¥ FHH de #F7AE EEAA &S



rotary evaporator24 ¢Eyol WAZ} glojAwA] HEs). o
olRAL 2% EREA 343 amberlite IR-120 column (100~200
mesh)o] &3 FAsY 2 FE2AE FEso AnsYeh A A
5ol 14% BFs-methylalcohol 2mL& 718l S5WZ7|E o834 6
S5ToA 1083t 7h2F A2 20837 A5t esterst 3t} o]AL
NB#e &4 E3F (NH»SOs 4mL 2 CHLCL 2 mL& 713he] degts}
SRR F CHLLE S #3te] ¥4 NapSO.EA g4 Aestde). o
719l WF-EFEEQ methyllaurate®] EF L Imlg 718 £ 2g%s

o] RYNEE HPon BMEAL GoT 2o}

Table 15. Operating conditions for the analysis of nonvolatile

organic acids by GLC

Instrument : Hewletpackard GC Modei 5890

Column ! Supercowax 10, 0.33 mm x 30 m

Oven temp. : 70T (hold, 1 min), 5C/min, 210C (hold, 5 min)
Carrier gas - Hydrogen, 12 psi

Make-up gas: Nitrogen

Detector : FID
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A3F A48 2 37
413 AQ 4AA A
=9t 5o & dXAAY dsEA 4 ds AR AE
7}. pHe] W3}
LRI Aol me 2aA pH WEE 4T A= Fig 4%
59 LhERIQIGh pHE diAoR %4 3% oulel 43 Aststel pH
6.22~5.229 HA FFd o]2F Fwxd w A FASAY e
FTodA dAHE AFE UEAY. 5k 15% Z2do0A @HaAzl
AR e ¥aexo mel pHE HA 616~6222 WA A&d
F oAl pH 6.75~7.08 FE7HA F718d o £4L 57 ¥&4% pH
el A3t 2 /S mE FES YA dFE 20% AT
9 35 dWAHeRE dA¥E 15% AZYTE FARRE AFelRoy HA
pH #o] 554~5828 v Egen pH AXSUE 567~643 £F 2
2 Yy 2E7|HF pHY WstEo] dddoz vyt
dex 25% AT F$ pHE A% Assle daexd o
552~5639 FE7HA AstAEd §4 35 o|F5H pHY AsEE
7t =3 @9 B3-S B
e 15% Z 20% L& A2 A% pH #9 €WstZo] FdH
22 AA vEr Foiv o]dLE F BEUAY YR IdE F dE
7Vsdol R&& ¢ F U}

4. oulce) 249 W

ol Ao FFE A% A4ra Axe) AEst A B
Szl grisE QYT Bo| 7] WEe AR F2F F4AE
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Fermentation time(week)

Fig. 4. Changes in pH of whole anchovy during
fermentation with different NaCl concentration at
ambient temperature
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Fig. 5. Changes in pH of whole anchovy during
fermentation with different temperatures at 20%
NaCl concentration



o HeAd 971 2dA(VBN) §3%9 ws

HEPE71dLE Tk e #Ao] 9L W o R 5
BEEY HExA 49 JEE &84T F 97] Wi AAFHA £AX
olyAw HEHH] AFAHPLOT 3 o]gHo] g} dxr B
SxxZd wWE $aA VBN #39 BAHQ §FWsE Fig 89 9
of el @& F VBN e Z* AT A 3~4F7
A #F43 kst A=l wek 15% 2 20%9 A% AL Flst
W dEx 26% 9 30%9 AS 99 £x2 AL Frlate A
& YJerth

de=d ME 4% VBN $FE d%E 15%9 3¢ $4L%
of wel 2494~319.7mg% 74X, A¥E 20%° A-$ 170.1~264.8mg%
A, QEE 25%9 F$ 1389~2102mg% 74A F7tele] AwvE 2
BFEEo wE VBN & Aol7l w¢ =A JeEden dye3
20% olate] WEAFEE VBN #3Fo] AYUXA & B ohz #53
Tl FA o} o] FEEY Aol & Aoz AAFHATL

O
s

’l

rir

rir

Z. A54A v
AsEE 2Elgd A2 BXAF 4 228 2839 Axd
XA st #5AAE HA8Y 1 ARE Table 1659 Table 17
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Fig. 6. Changes in amino nitrogen(AN) of whole
anchovy during fermentation with different NaCl
concentration at ambient temperature



“* Ambient temperature

05 *10¢
*20T
+30TC
o 1O AR TN WY YU WU VUL WU N N N NN U OO IO VR [ S TN SO M
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Fig. 7. Changes in amino nitrogen(AN) of whole
-anchovy during fermentation with different
temperatures at 202 NaCl concentration
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Fig. 8. Changes in volatile basic mitrogen(VBN) of
whole anchovy during fermentation with different

NaCl concentration at ambient temperature.
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Fig. 9. Changes in volatile basic nitrogen(VBN) of
whole anchovy during fermentation with different
temperature at 20% NaCl concentration
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Table 16. Sensory evaluation” of anchovy fermented with

different NaCl concentrations at 20T for 10 wecks

NaCl conc. Flavor Color Overall quality
10% 2.14% ? 3.35% 2.15°
15% 2.95 3.13 2.98"
209 3.98 3.24° . 3.24°
25% 415 3.57° 397°
LSD? 0.43 0.42 0.44

1) Evaluated by 10 trained panels on fermented anchovy on 5 point
hedonic scale where 1=least acceptable, 5=most acceptable

2) Mean value of 10 sensory scores followed by different alphabet in
same row means significantly different at p>0.05

3) Least significant difference



Table 17. Sensory evaluation of anchovy fermented with 20%

NaCl concentrations at different temperature for 10 weeks

Temperature Flavor Color Overall quality
ATV 3.21° 2.96° 3.14°
10C 3.65° 354° 3.54°
20°C 326 3.28* ® 326> P
30C 3.18" 2.56° 2.83°
LSD 0.34 0.38 0.26

1) Ambient temperature

o1%e] pH, obvlweida §%F, HWAE71ALY A} L SAAY
Astz 2 o 71Ed $A 9% gl od 9AE TAAAA B
W GEEE AL 23% ol4e sHolok 4TI A5l Yk T

F a9k

2. AAWY AR L AFAA] AF AQYLE A% AT

z4¢ 98kl A9 (brining) PAL =
439tk Brining W dry salting® A9 WuTh gAFE HE7
wes gFFe] wol wATHe] FEBY o] FolF PRl Yo

Arge UP FYP AT TAES AU F o] A= BT
"13"‘

—76—
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Fig. 10. Changes in NaCl concentratiox_i of anchovy
muscle during brining. Anchovy muscle was immersed
in brine adjusted to various salt concentration and salt
content was analysed by Mohr method. The brine was
10% NaCl solution(@-€@), 15%(A-4), 20%(@-@) and
saturated solution(li-MN)
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2. SDS-PAGE pattern
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Fig. 11. Changes in volatile basic nitrogen(VBN)
content of anchovy muscle during brining.
Conditions and symbols are the same in Fig. 10.
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Fig. 12. Changes in water activity of anchovy
muscle during brining. Anchovy muscle was immersed
in brine adjusted to various salt concentration and water
activity was analysed by Thermoconstanter. The brine
was 10% NaCl solution(®-€#), 20%(@-@®) and
saturated solution(li-HD
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Fig. 13. SDS-PAGE patterns of solubilized protein
from brined anchovy at 15T (Time course) A) 10%
NaCl solution, B) saturated NaCl solution, Concontrol.
The position of myosin heavy chain, actin, tropomyosin
and myosin light chain are indicated as MHC, A. and
LCS.
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Fig. 14. Changes in wai:er content of anchovy
muscle during brining. Conditions and symbols are the
same in Fig. 12. A) salted anchovy, B) salt free basis
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Fig. 15. Changes in weight of anchovy muscle
during brining(salted). Conditions and symbols are the
same in Fig. 12.
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Fig. 16. Changes in weight decrease of anchovy
muscle during brining(salt free basis). Anchovy
muscle was immersed in saturated NaCl solution and

weight was measured in salt free condition.
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Fig. 17. Changes in volatile basic nitrogen(VBN)

content of anchovy during fermentation with or
without brining
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H KClol 713 AA Bzt 41 H77 =8A F7tete %= o
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Table 18. Molar concentrations at various ratio of NaCl and KCl

111 241 31 41 only NaCl

15% 1.28+10IM  171+067M  192+050M  2.05+040M 257M
2.20M(89.7%) 2.38M(92.6%) 2.42M(94.2%) 2.45M(95.3%) (100%

20% L71+1.3AM  228+089M  257+067TM  2.74+05AM  342M
3.06M(89.2%) 3.17M(927)  3.24M(94.7%) 3.28M(9595)  (100%

4 4FF Z YT Ulg flavor, bitter tasted] W BEAAS
333}99\2134 2 A3 Table 1991 YeldIith. Flavors KCI oA 2 g
Tl A2FAUd ' A- Tt AAs = AAY FAxE dEht
A Fgoy KCIE A #Astg A7 vjag L 3535E Jg
Wt 281 bitter tasted] 3¢ KCIE %ol H71d H7U5E ¥
< AFE Jehigled AAF 71ERdAAE KCE o] A7 Ay
T7F ¥ 713A4E YEded AolE NaCl®k KC19) Hl&o] 31
gol Hojof B A oR g 7A] ¥E Ao WuHo0
Aolghe FHAE KCld 9% dF dixle Add e

T AR

ot

uitd
off
bt
oo

2
o
o
e



Table 19. Sensory evaluation of anchovy fermented with

different NaCl:KC! concentrations at ambient temperature for 4

weeks
NaCLKCl Flavor Bitter taste Overall quality
11 3522 3.32° 2.53°
2:1 3.74% 2.92% 2.96°
31 3.84° 2.26 3.42°
4:1 3.92% 1.13° 3.82%
LSD 0.44 0.60 0.37

3. gty AF AL AF
7}. Carbon source #7719 2jg &g EA Ae
3 A1

< Ay e A%

Carbon sourceE #H7}sle BAE 54 A
F5 9 oA WSt o3 As1H RAwus Atk 1 Ad
LEAER PAHE §714 5ol o5 pHt ASHBEA AP S
A7m 2 z2ASCA DA 98 §Es BNz Ass W
A 5 e Aol Azsigen AY IEES AEHy] 9§ AP
A8 A

zu2E WAR ARA FF Al 4= BE 5S4 AR

7l 915t g8 RAEE AR 23 glucose, lactose, maltoseS 2}
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Zt EAFTF] date] 1%((w/w) Z7Mst] FLdA SAANTEA A
4% gz o5y WslE 24 Fig. 182 pHel W
&3t Jetd dHeld) GlucoseE H7Hs A+t 7% W= pH
7F 2ol en I gFo] maltoseo] AW lactoserZ} 7HF =g A A3}
He A%E Usd vAEY AR d3FIt oD F B 4A o] &¥
< ¢ 5 AT Fig. 198 FAEE Jed 2324 pHolA 9 wj&g
d3E = F, glucoseZt 743 M2 A FIlste Aot

Table 202 =A47|7t5 R $9 W3lE 248 A=A
gluicoseE FH7HE A7t vl w2 A o] Frlsigoy 7 A
YTl fF Aol TAHA vk

s

Table 20. Changes in the number of lactobacillus spp. strains

during fermentation

Carbon source

Time

Glucose Maltose Lactose
0 day 2.1x10* 1.5x10" 4.3x10"
3 day 5.3x10° 3.9x10° 3.8x10°
6 day 3.6x10° 8.3x10° 4.0x10°
2 week 79x10° 6.3x10° 5.9x10°
3 week 5.8x10° 79x10° 1.8x10
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Fig. 18. Changes in pH of anchovy with carbon
source during fermentation at ambient temperature
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Fig. 19. Changes in titrable acidity of anchovy with
carbon source during fermentation at ambient

temperature
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Fig. 20. Changes in pH during fermentation of low
salted anchovy with different recipes at 10TC.

H-M: glucose+alcohol @-@: glucose

A-A: alcohol €-49: control
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Fig. 21. Changes in pH during fermentation of low

salted anchovy with different recipes at ambient
temperature. o .
l-W: clucose+alcohol @-@®: glucose

A-A: alcohol 4-@: control
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Fig. 22. Changes in amino nitrogen(AN) during
fermentation of low salted anchovy with different
recipes at 10TC.

B-H: glucose+alcohol @-@®: glucose

A-A: alcohol 4-9: control
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Fig. 23. Changes in amino nitrogen(AN) during
fermentation of low salted anchovy with different
recipes at ambient temperature.

-M: glucose+alcohol ®-@®: glucose

A-A: alcohol 4-¢: control
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Fig. 24. Changes in volatile basic nitrogen(VBN)
content during fermentation of low salted anchovy
with different recipes at 10T.

H-M: glucosetalcohol @-®: glucose

A-A: alcohol €-¢: control
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Fig. 25. Changes in volatile basic nitrogen(VBN)
content during fermentation of low salted anchovy
with different recipes at ambient temperature.

M- glucose+alcohol @®-@®: glucose

A{A: alcohol 4-9: control
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Table 21. Changes in free amino acid composition of the low
salted anchovy at optimum ripening point at 10T

(unit : mg%)

" Amino acid Raw material A B C D MY
Asp 212.6 700.3 687.0  638.7 623.6  263.7
Glu 278.7 939.1 8657 8129  819.8 17489
Ser 111.0 407.7 380.1 3809 3273 6727
Gly 185.9 299.1 2646 2931 2489  640.7
His 1636.2 638.4 590.9 604.0  498.3  1056.5
Arg 165.9 475.4 5399 5244 4294  947.4
Thr 142.9 289 4190 3969 3558  959.4
Ala - 3423 808.7 740.8  702.8  731.3 12557
Pro 108.1 153.7 131.8 1387 1339 3189
Tyr 171.0 4202 4247 4611 3566 = 498.4
Val 167.7 547.7 513.4  489.6 4847 10183
Met 115.1 481.8 3925 2957 3822 5433
Cys 16.0 214 523 52.3 40.3 36.2
Ile 31.6 412.8 3669 3434 3533 9823
Leu 219.2 9295 835 745 TT.2 1700.8
Phe 9.7 4263 377.6 344 3433  T13.6
Lys 195.3 2459 2125  193.9 2028  286.8

1) Market product
A: Glucose+Alcohol B: Glucose
C: Alcohol D: No addition
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Table 22. Changes in free amino acid composition of the low

salted anchovy

temperature.

at

optimum ripening point at

ambient

(unit : mg%)

Amino acid Raw material A

B C D Market
Asp 212.6 ~ 1933.7 14209 14613 1081.1  263.7
Glu 278.7  2803.0 2180.7 21467 23340 1748.9
Ser 111.0  1037.4 782 TM1.2 4015  672.7
Gly 185.9 791.4 564.2 6167  670.5  640.7
His 1636.2  1110.2 8%.5 894.7  817.9 1056.5
Arg 165.9 574.7 5849  397.2  361.9  947.4
Thr 1429  1117.0 83%4.0 856 544  950.4
Ala 312.3 19157 14009 14827 209.6 12557
Pro 108.1 381.5 2856 297.3 3236 3189
Tyr 171.0 904.6 6789 074 7255  498.4
Val 167.7 13117 962.7 1006.5 526.4  1018.3
Met 115.1 819.7 57.4  626.6 8.8  53.3
Cys 16.0 761 8.9 5.8 419 362
Ile 3.6 1151.3 8125  893.2 10045 9823
Leu 2192 2415 1678.2 1738.9 1918.7 1700.8
Phe 4.7 893.0 620.5 680.2 T17.8  T13.6
Lys 1953 3637 2769 327 5369 2868
Al Glucose+Alcohol B: Glucose

C: Alcohol

D: No addition
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77} lactic acid %ol 713 =4 YEbEon glucose?t alcoholS H 7}
& AT= o FFol A vehd H71E glucosed] 9F REFHQ A
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Table 23. Changes in non—volatile organic acid contents during

fermentation of anchovy at 10T (unit : mg%)
Organic acid Raw A B C D  Market
Lactic acid 78.5 150.4 178.5 102.6 112.7 128.1
Pyroglutamic acid 4.9 45 1.6 15 56 58
a-Ketoglutaric acid 8.9 3.3 1.9 2.1 5.7 4.2
A: Glucose+Alcchol B: Glucose
C: Alcohol D: No addition
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Table 24. Changes in non-volatile organic acid contents during

fermentation of anchovy at ambient temperature. (unit : mg%)

Organic acid Raw A B C D Market
Lactic acid » 78.5 186.2 212.5 137.1 162.3 128.1
Pyroglutamic acid 49 1.2 3.7 46 4.4 5.8
a—XKetoglutaric acid 8.9 5.3 3.3 3.9 5.3 4.2
A’ Glucose+Alcohol B: Glucose
C: Alcohol D: No addition

BELEA Freotuxeit, 714 T3 FA
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Table 25. Changes in nucleotide and their related compounds

during fermentation of anchovy at 10T. (unit - mg%)

Nucleotide Raw A B C D Market
Inosine 19.4 24.6 18.7 17.2 21.3 24.7
Hypoxanthine 444 - - - - -

P 70.0 - - - - A
AP 31.3 - - - - -

A Glucose+Alcohol B: Glucose

C: Alcohol D: No addition
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Table 26. Changes in nucleotide and their related compounds
during fermentation of anchovy at ambient temperature.

(unit : mg%)

Nucleotide Raw | A B C D Market
Inosine 19.4 43.2 3.3 30.3 25.4 24.7
Hypoxanthine 444 - - - - -
IMP 70.0 - - - - -
AMP 37.3 - - - - -

Table 27¢ 10CAA SALE A 24470 29 Aelre B
AAF A3tolth. Glucosedt alcohold H7bstd A zxd A F7F o}
M9 2 AAD AR 1 B WAL YRS B ol @
117 59 AT BEEAL YPURes] SAFIE S5d e

Uete]l ¥4 $E xdo2 AAEAG

d
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Table 27. Sensory evaluation of low-salted anchovy fermented
with 15% NaCl concentrations at 10T

Treatment Flavor Color Overall quality
A 4.04° 413 4.09*
B 395" 418" 4.00*
C 384° 4.06*° 3.95
D 3.43 3.87° 3.64°
LSDY 0.28 0.31 0.29

1) Least significant difference

A: Glucose+Alcohol B: Glucose
C: Alcohol D: No addition

=~
Vot

o v HEAE Ax 2 F4 5 79
AR QA vy 9 € 3E20F §5 FARY AR EJAVIE 2
A3t7] 935k Table 991 YEHA wiel o] Ael+E =A% ¥ pH, ¢}
v A4 3 S0 o3ty £ AFS AAFATL

(1) pHe] W3}

Zzu] BAAAE Axstd 10CAA FAANNEA pH HHE 573

3t Fig. 2601 JEHith A&5H FARE EFst] Az =04
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Fig. 26. Changes in pH during fermentation of
seasoned and fermented anchovy at 10T.
l-B: seasoned and fermented after brining
@-@®: secasoned and fermented 2 weeks after brining
A-A: seasoned and fermented after dry salting
@-@: seasoned anf fermented after dry salting
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Uetilew 2k A 729 fo% oy EhA gkt

@) AR A7 A% FF W
7t7te) wilo] ek Az® 20 A2 10T AL AN 4
BEAIEA HEA 9] A4 FFE 235 Fig 289 Y.
obmlct] A4 AT wlLaA Azre Atk Fole BANA Gk
o olE ollE AE Hrle] SUhnE MEF AHom 4 @

271 AYHP7) diLelea ArRH A
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Fig. 20 Zu|2E AZS 10ToA 4 FEAZIEA Az Hs
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2 Ax7t FAEeng FEAQ] A4 SR dojds & F U™
th of7le] A9 AEE Table 240] AAE H7]4F BEAF lactic acid
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Fig. 27. Changes in amino nitrogen(AN) during
fermentation of seasoned and fermented anchovy at
10TC.

B-B: seasoned and fermented after brining

@-@: scasoned and fermented 2 weeks after brining

A - A: seasoned and fermented after dry salting

€-@: seasoned anf fermented after dry salting
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Fig. 28. Changes in volatile basic nitrogen(VBN)
content during fermentation of seasoned and
fermented anchovy at 10T.

B-B: seasoned and fermented after brining

@-@: seasoned and fermented 2 weeks after brining

A-A: seasoned and fermented after dry salting

-9 seasoned anf fermented after dry salting
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Fig. 29. Changes in titrable acidity during
fermentation of seasoned and fermented anchovy at
10TC.

BB seasoned and fermented after brining

@-@: scasoned and fermented 2 weeks after brining

A-A: seasoned and fermented after dry salting

@ -9 scasoned anf fermented after dry salting
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Table 28. Changes in free amino acid composition of seasoned
and fermented anchovy at optimum ripening point at 10T

(unit : mg%)
Amino acid Raw material A B C D Market

Asp 212.6 1336.9 1420.9 760.3 1234.5 597.7
Glu 278.7 1590.6  2180.7 1458.7 1582.8  3196.0
Ser 111.0 606.8 782.2 347.7 619.9 345.4
Gly 185.9 580.9 564.2 277.8 436.7 © 9355
His 1636.2 953.4 856.5 500.5 705.3 1479
Arg 165.9 930.4 584.9 476.7 493.2 242.9
Thr 142.9 696.5 834.0 360.4 666.5 1369.1
Ala 342.3 1183.7 1400.9 7955 1222.8  3030.9
Pro 108.1 352.3 285.6 311.9 382.4 713.1
Tyr 171.0 443.0 678.9 377.8 531.1 11204
Val 167.7 868.0 962.7 488.3 521.5 1537.9
Met 1151 520.3 575.4 281.8 493.5 769.1
Cys 16.0 38.3 81.9 48.3 5.1 951
Ile 3.6 692.4 812.5 393.5 706.5  1576.0
Leu 219.2 22415 1383.4 733.8 13579 2446.7
Phe 94.7 893.0  610.9 364.7 561.7 1013.3
Lys 195.3 363.7 260.0 29.8 2536 117.0

A seasoned and fermented after brining

B: seasoned and fermented 2 weeks after brining

C! seasoned and fermented after dry salting

D: seasoned and fermented 2 vs}eeks after brining
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Table 29. Changes in non-volatile organic acid contents during

fermentation of seasoned and fermented anchovy at 10T

(unit : mg%)

Organic acid Raw A B C D  Market
Lactic acid 78.5 244 8 281.9 263.7 203.7 112.3
Pyroglutamic acid 4.9 4.3 45 6.0 7.3 5.8
a—Ketoglutaric acid 8.9 3.1 1.7 4.2 3.0 42
A’ seasoned and fermented after brining

B: seasoned and fermented 2 weeks after brining

C: seasoned and fermented after dry salting

D: seasoned and fermented 2 weeks after brining
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Table 30. Changes in nucleotide and their related compound

contents during fermentation of anchovy at 10TC. (unit : mg%)

Nuclectide Raw A B C D Market
Inosine 19.4 11.0 7.3 12.9 1.4 173
Hypoxanthine 44 4 - - - - 1.2
P 70.0 - - - - -
AMP 37.3 - - - - -

A: seasoned and fermented after brining

B: seasoned and fermented 2 weeks after brining

C: seasoned and fermented after dry salting

D: seasoned and fermented 2 weeks after brining
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Table 31. Sensory evaluation of seasoned and fermented

anchovy during storage for 3 months at T

Paking media Flavor Color Overall quality

Control 4.21* 3.54 3.74
Vegetable oil 3.89 415 4.08

* Mean value of sensory score



Y. =0 AR AEY AZA N
= FAR 712 wghe] AZAPe A% BHom
sorbitol & 496 H7}ste] Azt £4 A7d) dge AyreE &3,
aste] AFd NY AT A48t v 231 98 A9
2ol wle nlwd Aggel BA YEht £A4AY] o]F 10T olst ex
e Bdo]l aFHQon I &X FANA 3~4F AT AL
e o™ 1 o] F= o YA E 2] o8 As L Fujs
HERASITHTable 32). ol AY 2o W& *e 958 7xm glo
HOARHE, vhe, A 9 RARC] Y Fe] i o5 o2
of AALEI A&FH o2 AP 3w PSS & F AU

Table 32. Sensory evaluation of seasoned and fermented

anchovy during storage for 4 week at T

Storage time Flavor Color Overall quality
(week)
1 4.35% 4.15 4.26
2 411 3.84 397
3 3.68 3.12 3.46
4 3.24 2.55 2.89
5 2.47 2.36 2.38

* Mean value of sensorv score -
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A2 AQ AR AL 2 A+A &
1. AY 25 9% 3 94 =4 9 A¥
B E 5%(w/v), 10%, 20%9) 4% ¥
AA B (brining) ¥} AFA(dry salting)'B& o] &34 APz L3
7] ¢ %< 15C 4444 AR A4A =1 44 AEE AAsaH
(Fig. 30). 44949 s=71 Z/MEFE Q84 250 AFe §5
7b mEA Jeiged ARFE FrIsgT TG A5 94 10
ANz Fol 15% HEE YeErdiden 1 olF2E dF=rt AXE F7t
Sat. 20% A5: AdZ 13% AX dEEst Zrsded dry
salting®] 3% 10% A= 4=& YehlArh Dry saltingol vlte] ¥
FAAFE o] &5le] AT o WA do] AFInE AU &
Ashs g ad 28 249 BEAASE AL brining 3=
Aol EFA d& ¢ F YAk @HA AE A¢A s AT HA
gz e ¥ PGSl 1042 BE briningdte] FEEAHES =2

S Rol ALE oAl B9 FWAN $5FE ¢ 5 dATh

= 2 dxo e AR BE
EHAQ5E o] 83 AASE brining A3t} AgoiAe A%
g 10%, 15%, ¥£35x=z 3% § -20, 0, 10, 20T D AP F A o A
2 NAWA LE 2L A% Ed BE Ao $4 S4L BAsSAY
(Table 33).

Ao w 20T AATFE Axzdl B4 Qo] BF o 802 Bl ¥
el chggron] 10C AdTE 150%01'7334@ Fol Raje] 2Lt
0C AYTE AT 10% AT A4S TE 1109 Fol Rl ity

Jm
ox
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Fig. 30. Changes in NaCl concentration of shrimp
muscle during brining. Shrimp muscle was immersed
in brine adjusted to various salt concentration and salt
content was analysed by Mohr method. The brine was
5% NaCl solution(li-lD, 10%(@-@), 20%(A-A),
saturated solution(¢-4) and dry salting(X—X)
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Table 33. Changes in pH, TN and AN content during

fermentation of shrimp at differed temperatures and NaCl

concentrations
{30 day)

Temp.  Salt content pH TN%) AN(mg%)

-0T 10% 14 13 173

15% 751 12 145

saturated 75 1.1 106

0tC 10% 761 13 226

165% 764 11 207

sat 179 1.4 134

10T 10% 798 12 369

15% 804 1.08 352

sat 8.12 10 52

AT 10% 8.05 12 422

15% 8.14 118 R%Y)

sat 816 107 27

2T 10% 823 1.4 592

15% 327 120 480

sat 832 L1 354
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{60 day)

Temp.  Salt confent  pH TN(%) AN(mg%)
-0C 10% 119 138 364
15% 78 128 224
sat 797 0.99 151
0T 10% 8.23 145 342
15% 824 117 319
saf 832 1.08 218
16T 10% 831 148 492
15% 831 L19 302
sat 843 104 246
AT 10% 8.30 14 425
15% 832 128 476
sat 837 103 380
20T 10% 8.35 122 79
15% 840 106 636
sat 842 104 616
(90 day)
Temp. Salt content  pH TN(%) AN(mg%)
-0T  10% 823 126 a3
15% 852 119 140
sat 858 097 84
0C 0% 845 121 364
15% 8.39 122 35
sat 844 0.9 285
0T 10% 835 118 207
15% 846 132 558
sat 849 107 507
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Temp.  Salt content  pH TN%) AN(mg%)
-0TC 10% 864 1% 218
15% 863 139 184
sat 862 1.06 102
0T 15% 857 119 21
sat 850 1.02 312
15% 851 151 824
10T saf 851 095 642
(150 day)
Temp.  salt content  pH TN(%) AN(mg%)
0T 10% 866 LH 369
15% 870 1.37 352
sat 8.60 1.06 336
0C 15%
sat 865 09 392
A% oFd & 4w EA

BE A2 FFS 28389 brining Wl o8 d¥x 15%9 A

FAE Axste] 10T =AM Tr S ¥ Byt NS
2 Az A7 P =dA $45H e 49S JeEudey £d7)
A+E o83t Axd AT7t 7HF M2A A4 dasto ofe

o A
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Table 34. Influence of species on the changes in pH, color, TN
and AN content during fermentation of shrimp at 10T with 15%

Na(Cl concentration

(15 day)

Color value
Species pH TN(%)  AN(mg%)
L a b AR

AAFA 812 492 751 151 429 120 221
B 823 498 5&% 121 413 127 230
A7 821 475 547 139 439 128 284
¥ 814 346 987 122 567 142 260
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Color value
Species pH TN(%)  AN(mg%)
L a b AE
A A 7% 512 623 891 392 142 234
B 787 490 631 131 423 1.39 263
TU7MS T8 478 391 137 434 1.38 424
54 ¢ 776 353 788 116 554 152 374
(45 day)
Color value
Species p TN(%)  AN(mg%)
L a b AE
ANLA 766 509 572 87 393 146 320
A4 B 770 415 774 130 439 4 410
TU7IS 759 475 547 139 439 14 5%
54 ¢ 768 346118 122 567 176 472
{60 day)
Color value
Species pH TN(%)  AN(mg%)
L a b AE
AN$A 734 509 666 94 396 145 523
B 733 484 617 126 427 152 560
Ed 7% 743 387 908 125 524 141 674
24 % 724 3H8 121 127 58 185 662
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Color value
Species pH TN(%)  AN(mg%)
L a b AE

AASA 853 480 610 711 419 147 592

B 862 514 483 142 402 15 614
ZU71A% 865 M6 845 122 466 149 4
A% 860 370 19 142 9 18 793

EE 15%2 2% GHE 4L 24NN AY AR 4T
AZAYE ANSHAT. ABE K2E ASATL qFHE o] oz
sto] A TE AR

7}. pHO] W3}

Al¢Ae] %4 220l & pH ¥W3E Z73ste] Table 3501 e
Atk 2719 pHe A AT A4 787°131e08 B Azt 32
7712 eyt 2571 &% pH AdFe] ZA YEgen 10T
AT A9 608 AAF A AT pHIF 74601007 B A7
A7 1322 veEbston 1208 AdFele A A TUE 74302 v

o B A7 A% 73622 JEY 60¥ AAE ANRAAE pHIL
Ao O ojFEE 49 FUEE ¢ £ AU -10T, 0CY A
< AT A A&Hoz pHyl Z4ste %S vehio] 447
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Table 35. changes in pH during fermentation at different
temperatures

Fermentation period(days)
Treatment Initial

30 60 90 120

-10C A 7.87 7.76 1.70 761 7.56
B 7.71 7.65 7.62 7.53 7.46

0C A 787 1.75 7.31 713 7.11
B 7.71 7.68 741 1.28 7.18
10C A 7.87 157 7.16 7.29 743
B 7.7 7.59 6.82 713 7.36

4. AN 3] ms

2719 obule A A FFE WAmg%E JEGon wE Mz o)
A AxAem A AFL UhiAL. 10C AT S 54
30¢ A= A 5*13]::"7]' 332mg%E, B A 77} 396mg%E YeERQ
. %4 120 BlE A A7t 80me%, B A7) A 788mg%e]
F3e JHIEZ 540 933 APHALS ¢ & AYou ozt
Aol EHHE SRE AL $4F FA ZdA fFoFe
g Aoz Jeldth(Table 36).
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Table 36. Changes in AN content during fermentation by
different temperature. (unit : mg%)

Fermentation period(days)

Treatment Initial

30 60 90 120

-10C A 224 265 304 326 348
B 224 264 295 332 362

0C A 224 287 325 . 378 476
B 224 302 336 426 518

10C A 224 332 484 692 870
B 224 396 o37 610 788

o. fFEotu = FF ws

fre] obulegbe RAFe Fvlo] Mg FaF JFE vAE:
WA BIUERZA LTEA FoT FAARZ F&H Yt

wE 902 Aol 7 22 NEE s fFoluixt dFS
%33t} Table 3791 YeERJh BE A FoNA glutamic acid FF
o] 71 FR3IA el on leucine, aspartic acid, aianine,
phenylalanine, lysine® #&¥Fo] 2& Aoz eyt AA Y {FEolv
=4e) FFe 20TAA 4 A2 A”77t A 22 S s
on 1 thgo] 0Tolew -10C ATt 713 e HEotuxit
g3 JEIQAAT 12 ZolE A FRvh 10T &4 A7 A

o
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Table 37. Amino acid contents of low-salted anchovy fermented

at different temperatures for 90days (unit : mg%)
-20TC 2T 10C
Asp 52.1 69.9 50.5
Glu 160.8 166.9 153.8
Ser 54.8 50.3 46.9
Gly 57.0 50.9 51.1
His 27.6 22 4 20.3
Arg 81.0 76.7 40.9
Thr 49.8 46.8 43.2
Ala 67.1 57.0 55.1
Pro 50.8 46.8 . 448
Tyr ' 39.5 52.3 33.6
Val 33.8 40.8 40.3
Met - 36.8 34.6 - 32.5
Cys 111 10.7 12.2
I1e 28.8 37.5 36.7
Leu 85.4 85.1 81.0
Phe 48.7 53.6 52.3
Lys 90.4 91.3 90.0
Total 926 974 1,036
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2 A3 AHEE AR YV E-S Table 389 2. F, +
60.196, ZH WA 106%, ZAY 0.1%, 38 26.2%, 57} 255%= 4]
B e AL AL 44 HAHE SA0= A9 FE3 AHvbsld
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Table 338. Proximate composition of Saewoo—jeot used in this

study
Componént Composition(%)
Moisture 60.1
Ash 26.2
Crude protein 10.6
Crude fat 0.1
Salt ' 255
AN/TN’ - 644

*AN: Amino-nitrogen(NH>-N)
TN: Total nitrogen
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1. Protease activity BAE A # A3 g9

M52 Ade AAS S A 2R FTAF g8 B Ao
AZIFAE S Agstgon A7EN 344 F o|gdsa YRS =3
Z3E Fig. 3190 YA % =7} 2% o8t d7AR 74
ol 28 5% A FAL(TN), ol =8 BANH,-N), ¢=
Yote] ZANH3-N) F 2 protease activityss 9@ A 3to] =713

of @2} TR on NHs-No &3 Zasts 3¢S deiydo.

l

A

rgt

o, A+ A 25 ¥ proteased FA
s ¥ X2FZFES ammonium sulfate
£H¢ A Table 39 Zol Fgol 71%, wEHAE 3
unit/mg o2 °F 339 AAHUT. 74 dL FHHE S T4, F
B X3 Sephadex-G 100 column chromatographyd ZA 3= F
329 A 9} Zol peakZt 270 UELR o™ o] peakF E A Ao
5 73 A peakE FHI FHAZX Y. o BHYRL £
48%, W &4 947t7t 519 unit/mge 2 X&4 9 Bk & 64 F7iety
CHTable 39). o EAYEE Bt of FA 3793 DEAE-cellulose
column chromatography®l &A% 23 = Fig. 333 2] peak’} 27}
UE5t o™ o] peakd EAEAHO ZE B peakE Hdo TAAXRS
o AA E4=2 Atk 9714 2B BA Zae F&ol 14%, ¥l
B H7tE 842 unit/mgl E FUte g ow xFEEd ude A
W 989 718k tH(Table 39).
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Electrodialysis time(hr)

Fig. 31. Changes in chemical index of Saewoo—jeot
during electrodialysis. Saewoo—jeot was homogenized
and centrifuged at 6,000g, The supernatant was used as
a desalting sample. electrodialysis was conducted at floe
rate 150 mL/hr under 7A condition. €4-€: total
nitrogen, A-A: amino nitrogen, [-B ammonia
nitrogen, ¥-V¥: NaCl, @-@: protease activity
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Fig. 32. Gel filtration chromatogram of protease from
Saewoo-jeot. The column(25X30cm) was equilibrated
with 0.01M-sodium phosphate buffer(pH 7.0) and eluted
with the same buffer. The flow rate was 8ml/hr and
5ml fractions were gathered.

—139—



5 2500

4r —2000,_%
! E
P S
£ 2
& 3r 11500 §
o =
5 2
o2 S
o
2]
1L 3
- 500 &
&

0 °®

0 10 20 30 40 50 60 70 80

Fraction number

- Fig. 33. Chromatogram of protease from Saewoo-jeot
by DEAE-cellulose. The column(25X30cm) = was
equilibrated with 0.01M-sodium phosphate buffer(pH 7.0)
and eluted with the same buffer. The flow rate was

20ml/hr and 7ml fractions were collected.



Table 39. Summary of purification steps of protease from
saewoo—jeot

A Total Total Specific . o .
ngg ation protein activity activity W?;l)d Pursz 1€§§10n
D (mg) (unit)  (unit/mg)  *° 0
Crg;}&act 3540 3033 0.86 100 1
Am_“;fl?fi:tfg 756 2177 283 71 33
Sepgﬁ‘}g’(; 285 1478 5.19 43 6.0
?ggﬁl o 50 421 842 14 9.8

Hammerstein casein 1.5% was used as substrate.

Hjelmeland 52 WolZE HH trypsin B4 #ANAH ammonium
sulfate fractionation, Sepharose 4B, Sephadex G-100 column,
DEAE-Sephadex A 25 column chromatography® ¥, AA 4 &
W gAY ste TR, &2 69% T2 BHudgen dXAL
2HH  protease A A A ammonium  sulfate  fractionation,
DEAE-cellulose column, Sephadex G-100 column chromatography3}

8, AASE S v E4H7E 10554, &2 11%E Rd
ATH.

3L

.AAELY AVGF
ALRAA FZ3 proteased £5 L BEAFL 47 g8 AALA

24 & SDS-PAGE® Z# Fig. 349 A9 #o] © ¥ bandZ YEY
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A) B)

Fig. 34. Polyacrylamide gel electrophoresis of
protease from Saewoo-jeot.: A)10% polyacrylamide gel
electrophoresis pattern of purified protease stained with
Coomassie brilliant blue R-250 ; B) active staining pattern
in skim milk plate.
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ol AAEAE GG WAT FHHALS FAsHon sy Qe

AA Gl gle] 24kDadl dAZHE EAFS e 1a=2
FAHAG. =& ol FAELALE polyacrylamide gel electrophoresis
3 F A719F band 49 EATAH AXNE L71AF AAF active
staining 23+ Fig. 349 B)¢ zZon o

CFSd 40 Yedorn® FAEsE duld B 5AYLE G 5
A ot

2. AA 549 EA

7t. 43 pH 2 pH ¢34

AAEALY HA pHO pHel dd AN E SAHE ZHE Fig. 36
R 37 YEti A pH 804 Aol 7t A deElgew pH
70~10.0914 XA, ole AAEL/ EZeE HHAA A
o 44 #4¢ Jdeldol alkaline proteased & ¢ & UAT}

BHid 9&dA A$ =859 protease, milkfish protease, %"%9]
protease, poikilotherm=Z %8 &2 § 3% 9 typsine HF pH”T 8.009]
gon grass shrimp9 2372 RE E&F 3% 9 proteased
3% 2%& pH 809A, ymA 15 pH 7094 HA E4& Y
YRz WojdgA g B 2F9 trypsin® FA3 T4 E pH 8~
9, A9 TH H AZAA AT 2F9 trypsin®d AT i e
pH 65~112 FYNT WHE YeadAdn dF9 85 2404
2 & protease pH 9.0~969 MY, 159 FEF =
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Fig. 35. The calibration curve for the
determination of molecular weight of protease
from Saewoo—-jeot by SDS-Polyacrylamide gel

electrophoresis
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Fig. 36. Effect of pH on the activity of pretease
from Saewoo-jeot. The enzyme activity was measured
at various pH adjusted buffers.
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Fig. 37. Effect of pH on the stability of protease
from Saewoo—jeot. The enzyme was incubated at 4T
for 24 hrs on each pH and the remaining activity was
measured at pH 8.0.
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2| % protease= pH 9494 HA 4L Ugdo oAzxE £
H trypsin® FAE E4E H4 pHF €24 UL ¢ F 4
Ax 2 A dAx o9 FASAT.

EF pHOl WE F49 A B RuE S I ¢ 3
oA £ ¥ 2% 9 proteaser pH ¢t Ao pH 6~12, YT+ £ &
F ZA A B3 protease= pH 8.8~9.694 At sgoy
poikilotherm®} WojolA EZ3F &4 AS$L X pHA EoAS}

_?__
o she] B AY Bush HAE ARl

. HH 22 4 2% AFA

BAELY A &2 9 dAANY HA= 29 JFE HAET
Z3E Fig. 38 2 399 detdidd. £ AFHA ZATF 229 F
A EEE 0Toey & AL 30~50T9 WHAA A
BIAANAE 90% ol JE QS vude AHE dAF Ao
ALE 5 QAT

B4R HA 25 2% o AP diFd Rud 9FdA
Wol9 trypsin-like enzyme2 42T, A $9 7+ 2 #AFdA &3
trypsin f-AF 4 E 45T, 259 F&F A dA £ proteases
45~50C, 79 FE&F 2AANA E8 3 proteases 46~48T, M ¢
=& A B3 proteases™ 60T, grass shrimpd 487 1#o =2 BY
B8 8 4% 9 protease & 3F L 65T, UHx 13L& 55C7 34 2

Eova AT, ol ZAFAdA E 9 oAHzRH HIyd
protease WAZ FEAUES ¢ ¢ AN ¥ AYAA A4AE &

2% FTL49Y proteaseZA W £ AZAE YAy,
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Fig. 38. Effect of temperature on the activity of
protease from Saewoo-jeot. The enzyme was

measured at various temperatures.
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Fig. 39. Effect of temperature on the stability of
protease from Saewoo—jeot. The enzyme was
incubated at various temperature and the remaining
activity was measured at 40C.
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. 713 5ol 4

ol 7tA FAVIE dig B FAEL E4&
Table 403} %ol Trypsin® @A 712 < BAPNAS TAMEC &
specific activity= ZZt 7.28 units/mg, 852 units/mgl. 2 Y e #
3 AL JePAAY  chymotrypsin®  EA71Z<A ATEE,
carboxypeptidase?] ¥4 7] 22 HPAdJ &= &Aool A3 yepx &
o, FAZIAd Y3 w3 A I RIZE grass shrimpd 43
71FAA BEEE 4% 9 protease 5 3FFH milk fishe &S5 A £
¥ protease ¥ 1% Z7 TAMEY #4& veol trypsind #A
¢ E4AE Hugs HFFo F %‘7‘4, 1o, Fgrido], gt ol
9 trypsin® BAPNA, TAME® @A 3 X< HA.

7(

J{}lc

rsh
A;J
rlr

Table 40. Substrate specificity of protease from Saewoo—jeot

Substrate” Specific activity(units/mg)
BAPNA 7.28

TAME 852

ATEE 0

HPA 0

* BAPNA: N, -benzoyl-DL-arginine-p—nitroanilide
TAME: p-tosyl-L-arginine methyl ester
ATEE: N-acetyl-L-tyrosine ethyl ester
HPA: hippuryl-L-phenylalanine



2. Km &

T 249 7Zd dE 188 & AHR7 93 Lineweaver-Burk
plotZ Km#t€ A3 A= Fig. 403 Zo] HAFTL9Y Km@e
51X107 MZ M43 protease®] Km# 16x10° M, d3xz
protease® Km#t 267x107 Mxth o @A Jeug B 289 Ax

T AAE gAY == V12H AgHe £ 542 AR
Aot

v, 2% o] L9 g

HE& ol A/ vl EBE 24840 v 9% Table
413 2ol Mn"E 60% AE &4 TAHES F/AALY K, LI
Na', Mg, Ca”, Co™”", Cu™’, Hg™", Zn™", Fe"5& &4
sS4 |

B AZoAE MnTd & 54 Aol A Fiees ENS
Reed o= Mo 4% AANE JeEddn B3 Doke 52 Al
=5 A 22 protease, Jiang 9 milk fishd ZFoA £
3 trypsin 4t &2, Honjo 59 A $9 23 2 AFdA #d9 2
9 trypsin A Ea%E AvdE Z2#4E JeEgYen 2 59
Mnol & &4o] F7F mFolgt Foigdo] trypsinds YA E
A% E Y,

o
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Fig. 40. Lineweaver-Burk plot for hydrolysis of

hammersten casein by purified protease from
Saewoo-jeot
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Table 41. Effect of metal ions on activity of protease from
Saewoo-jeot

Metal ion{1mM) Relative activity(%)
Control 100
Li’ 52
K" 47
Na’ 64
Ca™ 51
Co™ 51
Cu"™” 65
Mn"™" 160
Mg 48
Ba"" 49
Hg"™ 45
Zn"" 48
Fe™" 78

The mixture containing 1ml of protease solution dissolved in 0.1M
phosphate buffer(pH8.0) and metal ion solutions were preincubated
at 37C for 60min and the enzyme activity was determined.
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. A A9 9%

AAZLA AE AfAY 4FS& SAHAT A3} Table 429 Zo]
AP EAE IAA(nhibitor of thiol-protease), TPCK(inhibitor of
chymotrypsin)o] 9dAH= 4FL wx &gz STI® TLCK
(inhibitor of serine protease, trypsin-like enzyme)d] 8] z+z} 88%,
HB%=ZE AFdgHo AAGFA E&XHIF HJov EDTA(inhibitor of
metallopeptidase)d] 93] 61% = AAHUTt. watA E AA g4
trypsin® ¥l %3 binding siteE ZE serined 9 trypsin-like enzyme

o7 AEHYC.

Table 42. Effect of some inhibitors on activity of protease from
Saewoo—jeot

Some inhibitor (1mM) Relative activity(%)
Control 100
TPCK 100
TLCK 25
IAA 81
STI 12
EDTA 39

* TPCK: N,-tosyl-L-phenylalanyl-chloromethyl ketone

TLCK: N,-tosyl-L-lysyl chloromethyl ketone

TAA: Todoacetic acid

STI: soybean trypsin inhibitor

EDTA: ethylene diamine tetraacetic acid
The mixture containing 1ml of protease solution dissolved in 0.1M
phosphate buffer(pH8.0) and inhibitor solution was preincubated at
37T for 60min and the enzyme activity was determined.
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A 1MZE WAA SDS-PAGEC] A8 AAE Fig. 41e] Jehgiet.
7tauAd e AeF(ane 2)9 S dEZT2 AMEE 985S (lane 1] 9]
3t myosin heavy chain (MHC), actin(A), tropomyosin(TM), 150K,
100K 5ol ozt BaldE AFE vehidet. =549 giild 75
€ 7 1A3F WA Zl(lane 3, 4) A7 B¢ 9880y 7Y
WA S H3te ZF gAY subunit A0 A H]%k F

By G dRdrt A9 o]FoxA Fe Aoz AWRHY: 71D FF
o we oMd fa $AE AHEE (A YEhd ¢

2 Zhduide] gqksl doju} MHCY 4% Faiv
FFE WUt QY E A 1A B3 A

%< 714 (ane 59 A MHC7I &A% 2o actin: 4IFF
Eald 2o 74 e 7[A(ane 6)9 F$E Hd FAE Y
Bl ey actin®] £l & o APd Aoz ey E4B)E
7122 AHESIEE A9 5 viste slAwWAA MHCY B3 2
actin®] E37} %t o AYSHE Ao 2 Yelgon 3 2EL G4
HS3AS o /1A RAEA] &L E8(ane 5)9 F ¥ actindl FRE=

band7b %t EAY B B 2A4F @94 bands HolX &3 3l

o
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Fig. 41. SDS-PAGE patterns of solubilized protein

from various meat muscle incubated with crude
protease at 37T for 1hr.
(A) beef (B) pork (C) chicken meat. ,

Lane 1: control (raw meat), 2: heat-denatured meat
at 100C for 20 min, 3: raw meat incubated with
water for 1 hr, 4: heat-denatured meat incubated with
water for 1 hr, 5! raw meat incubated with crude
protease from saewoojeot for 1 hr, 6: heat-denatured
meat incubated with crude protease from saewoojeot
for 1 hr. MHC: myosine heavy chain, A: actin, TM:
tropomyosin, LCs: myosine light chains.
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42 protease activityy @93 Z7lstgon 1 o]F HYPd w3 Y
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Fig. 42. Effect of substrate concentration on the
protease activity.

Substrate concentration curves were drawn on a
plot of substrate concentration(mg of protein) versus
initial rate(enzyme activity). The substrate used for
comparison were heat-denatured beef(A-A),
heat-denatured pork(ll-l) and  heat-denatured
chicken(@-@)
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of ghe v Ea e 3R 98 18 w2 AATE A s
SDS-PAGE® Z3#E Fig. 4391 Jehidct. (A)d] Jebd stduwin &
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] dipping sauce AF L2 L7 Adte] A oS A W}
o A A7F Holx ¢A 3o Xanthan gum ¥ AP A
S A7t AR 24 2 v uigels 2R B A e 93
A4 9 dipping 222 A Wiy Table 439 e QA

Table 43. Recipe of developed dipping sauce

Ingredients Ratio(%) Ingredients Ratio(%)
Shrimp juice 46 Sesami 0.2
Pear juice 46 Egg dye 2.0
Garlic(crushed) 45 Xanthane gum 0.1
Green onion 2.0 Red pepper(powder) 0.2
Mustard sauce 1.0
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HAAE o] &3t HA 1] 2 4378 308 A AYsAe 9@ A3
o A3t AxE Yo 1 23 Rz 247 2 gg Uy
At

Table 44. Recipe of developed seasoning and tenderizng

sauce.

Ingredients Pork sauce(%) Beef sauce(%)

Shrimp juice 13 12
SOy sauce 5 24
Sugar 11 13
Pineapple juice 11 12
Sugar syrup 27 - 27
Gochujang 21 -
Onion 6 6
Garlic(crushed) 6 6
Pepper, Caramel trace trace

5. M AF #2 54 2 AF 54
& Screw capped bottled] ¥o] 10C &2 A4 A

AeuA wuARY, $75 S F4 54 U¥ ZAAQ usE

=
%
2
i
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7}. Dipping sauce®] AF EA 39
(1) pHe] W3}

C10TA AZFAA 108 FAOE RS Aol pHE =7
dgtt. z7lolE pH 8258 Uehilen AA77to] Augel ule}
pH7b Astsls 54 Y. A% 609 oSl 6809 pHE vhehy)
At} ol RAR EFd FFESA o BE APY AHZ o]
BARHYA7) WELE BaE At webA Ato] AAHEE AFgel A
A8E 597 9 Aos AFoh |

2719 AEE 016%E /AT AQor] Aol Aztgel ue} ¢

W] AR FrbskE ¥l A% 30Y AelE 026%9 =g vt
o A 60U Ao 042%9 A=E e ol 9%

I MR G o Aabdast dojv Az A=

(3) 4+ Ws
Dipping sauce A% A% %7] wlAE £+ 23x10° colony/ge
2 SAHS e A7 7|7he] BAgtel w ewts] Fobste AEE U
Rk A 30Y A Sl 10 colony/g?] £2FFE AT Ygiow
A% 608 AolE 10° colony/g AL FRFE 7HA L QA
o]& dipping saucell®] 9 A B FLE HAF AIA &7 S8
At FRE AT AFoly] " nAEY Aol doju= Aoz A
ZHE Qo) ol v AR AFE AMARAY FAZ HE falAFol
7] Hoe e AAstE daddo] FEFY 9% olgelnz AN
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AR71E D F s dete 53 FH9 #5AAE AN
om I Z3E Table 4591 JERAT. A= AT NEE gR2TE
sdom gixTe Folrt glewE 50, HELE o7} ge W= 30,
A7k wol glews 1022 Utk A% 7zke] A we} J5
B MM Zasdon 30dol AReAe W 4328, 602 AHsg
< 4 3959 7I1E=E e A 604 71X A FAN] Ao
E AAHA g Aoz gasd

Table 45. Changes in sensory properties of shrimp dipping

sauce during storage at 10T

Storage time(days)

Sample Initial 10 20 30 40 20 60

Dipping sauce 491 485 465 432 412 403 395

.S 5938 )i 20 AR EA 7Y
(1) pHS] W3}
A AEES 10C AL 206 AFsEA pHY W3E A3}

o 2 BAFE Table 461 YERA AT
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Table 46. Changes in pH of meat tenderizing sauces during

storage at 10T

Storage time(days)

Sample 0 10 20 30 40 20 60
Pork sauce 524 518 513 507 503 492 487
Beef sauce 042 537 532 526 520 514 509

Commercial sauce A” 518 516 5.14 510 507 5.05 499
Commercial sauce B 525 524 524 5923 520 517 5.16

1)Commercial sauce for seasoning pork

2)Commercial sauce for seasoning beef

BE RYTN BTEA plIl BasE Aoz edon A
AEEo] ZA YERT ol= AAE e

H
A3 wN B3 Bast ASHOR Aean Y] qEoR 2

(2) Protease activity2] W3}

Mg AAFS qx2To vy nud meE 2 gy By &
Aol Zaste Ao Uehgisd ol AWREY A AF AFo2A
HBEY ATl AdAHEE F2 Wyl FEiskA o wiwe] g
NAEFL A4 anad B3 ase gL AAs sy Y8 4F FA
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& AAA 9] WEe] M4 R 5a0 o8] $2 Wt dojuke A
oz AudArt HA 17 sauced) AL 2719 wuA B il o

AL 4172, ZY] sauce® A$ 41002 et A = u7]E g3
sauce 0.41, A& Z4]-& A3} sauce 0.329] B3} EHZIEU] sauce?] 7
F 10179 ¥ E4& A3 dRen ZAu] d34 sauced] 43t
12814 ¥& 84& YA K (Table 47). $593 4 Zvl42E 10T
olste] WARTA o 60Y0] AFsAE 7= AT ulste] oF 104
ole wud BABAS Gesc |

Table 47. Changes in protease activity of meat tenderizing

sauce during storage at 10T (unit : gg/ml.min)

Storage time(days)

Sample 0 10 20 - 30 40 ' 50 60
Pork sauce 417 412 405 393 389 381 372
Beef sauce 410 406 397 387 381 373 363

Commercial sauce AV 041 040 041 039 038 038 037
Commercial sauce BY 032 032 031 029 028 027 028

1)Commercial sauce for seasoning pork

2)Commercial sauce for seasoning beef
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3) FHF9 A3}
a7 ¥3ste ASE B ANAE 25 Agd Ast gle Ao
Z Yegth ABES Fg AF AFoAN AL A & 10°-10°
colony/g RAES wAEo HZ:HJew AAEFY A% 10-10°
colony/g A=Y "AEo] HEHAU ANAFY B5 2d #4& AA
A &7 e s mAE 7 Ftske TR UEgoy A
F9 AT A 713 B e vAESF] 5% St 4F2HA
BT ole AlEE R AAEN AEHE A7, ER T o £
Aol vtolx nAEL AFE AASAY] dFEolgt ARHUT

r‘#i

(4) #F53 713xe W3z

A7 2Ed A5 distd 53 HAPe #ASHAAE LA AU
onl 1 A#E Table 48] Uellidth Ax AF S AuE dE2T=E
slgen gzt Zolrt W= 50, o2 Folrt & WE 30,
Zol7t @o] g&uwE= 1002 3T AR 717ke] AHFe w V%
EE AA3 Zastgden 30d0] AAaAS W HA2Y] AgE L=
o) A9 AME, 2 AE 229 A¢ 4128 YEAAT 60€°] A}
39S W =SR] AE 229 B¢ 4028, 2y 43§ L2
4 3689 7|ZEE Jeho] HAr] A8 A2 Hrhes dv AHE
229 FAWSL A% ¢ go] JPFE ¢ F I 23U F Ut
A AL AF BT 10C 2494 AF 602 7AA Ackd F249] Fo
t J9AEA g Aoz AasA A AL AFE cold chaing
o] &3te] FETTIA 120 o] F4o] AT Ao w ARHAUD
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Table 48. Changes in organoleptic accepability of meat

tenderizing sauce during storage at 10T

Storage time(days)

Sample Initial 10 20 30 40 50 60
Pork sauce 474 467 452 444 421 410 402
Beef sauce 467 452 431 412 394 384 368

o ARAE FA 54 R AF 5A

712 AHF S @A B 524E AVske AxHA de
o 9x] 27§ A2 AxHo AvHI e dAoE dd FTAE
ARA7) e A% 7105 F29 F4% W} fle AeE adHA
=8 |

M ANAFY A AN EAsts FEFE a9 29 24E
A7rste] Axdged B3l 4& I3 vl A8 A=A FA9 @
Wl 23 52E AUt AxIHY) WEd SFE 983 £33
A7 F5E 7150l AAT. FATE 7]EL] ABF AE A T
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Fig. 44. Scheme process of developed fermented—-roe.
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Table 49. Sensory evaluation of aggregated and fermented fish
roe(AFF)

Sample Taste Flavor Overall quality
AFF 4.03 3.87 3.85
Control” 412 368 3.97

1) Young—-am fish roe

2t AEAEFE Fe obvl:=it &3 W3

Az o AxF fFobn it §3FE Z435Y Table 5001 ek
A}k, Aspartic acid, glutamic acid, leucine, lysine, valine 5 4o}
At g Au A ofulgte] ko] A JElgth
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Table 50. Free amino acid composion of aggregated and

fermented fish roe(AFF) (unit : mg%)
Amino acid Raw material(fish roe) AFF
Isoleucine 2104 2814
Leucine 286.7 365.5
Lysine 413.3 ' 504.5
Methionine 2294 2419
Cysteine 424 | 438
Phenylalanine 134.77 174.8
Tyrosine 156.8 2178
Threonine 132.7 1514
Serine 313.8 337.7
Valine 289.3 342.3
Arginine 366.5 465.7
Histidine 212.2 2146
Alanine 3145 3759
Aspartic acid 444.6 503.8
Glutamic acid 445.7 : 625.5
Glycine 279.2 349.9
Proline 2239 2419
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Bkl Asge & & dan

%
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—

Table 51. Rheological properties of aggregated and fermented
fish roe(AFF)

Parameters Raw material AFF
(fish roe)

Adhesiveness 25.6 2.0

Cohesiveness 0.2 05

Hardness 13.2 17914

Gumminess 30 ‘ 980.8

Condition : deformation 10%
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Fig. 45. Changes in pH of fermented fish roe
sausage during ripening. @-@: A (herring roe
25%+surimi  25%+lean pork 40%+pork back fat 10%),
-l B (pollack roe 25%+surimi 25%+lean pork
40%+pork back fat 10%), Aa-A: C (pollack roe
25%+surimi 65%+pork back fat 10%).
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Fig. 46. Changes in water activity of fermented. fish
roe sausage during ripening. @-@®: A (herring roe
25%+surimi  25%+lean pork 40%+pork back fat 10%),
B-B: B (pollack roe 25%+surimi 25%+lean pork
40%+pork back fat 10%), a-a: C (pollack roe
25%+surimi 65%+pork back fat 10%).
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Fig. 47. Changes in lactic acid bacteria cell count
of fermented fish 1oe sausage during ripening.
@@ A (herring roe 25%+surimi 25%+lean pork
40%+pork back fat 10%), - B (pollack roe
95%+surimi  25%+lean pork 40%+pork back fat 10%),
A-A: C (pollack roe 25%+surimi 65%+pork back fat
10%).
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Fig. 48. Changes in enterobacteria cell count of
fermented fish roe sausage during ripening. @-@:
A (herring roe 25%+surimi 25%+lean pork 40%+pork
back fat 10%), HI-E: B (pollack roe 25%+surimi
25%+lean pork 40%+pork back fat 10%), A-a: C
(pollack roe 25%+surimi 65%+pork back fat 10%6).
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Fig. 49. Changes in color index of fermented fish
roe sausage during ripening. @-@: A (herring roe
259%+surimi  25%+lean pork 40%+pork back fat 10%),
B-B: B (pollack roe 25%+surimi 25%+lean pork
40%-+pork back fat 10%), 4a-a! C (pollack rtoe
25%+surimi 65%+pork back fat 10%).
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Fig. 50. Changes in moisture contents of fermented
fish roe sausage during ripening. @-@: A (herring
roe 25%+surimi 25%+lean pork 40%+pork back fat 10%),
B-B: B (pollack roe 25%+surimi 25%-+lean pork
40%+pork back fat 10%), A-A: C (pollack To0e
25%+surimi 656%+pork back fat 109).
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Fig. 51. Changes in weight loss of fermented fish
roe sausage during ripening. E-8: A (herring roe
25%+surimi 25%+lean pork 40%+pork back fat 10%), R
-l B (pollack roe 25%+surimi 25%+lean pork
40%+pork back fat 10%), [J-[]: C (pollack roe
25%+surimi 65%+pork back fat 10%6).
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Fig. 52. Changes in water activity of short—necked
clam during brining. €-€: 10%, - 15%, A-A:
20%, @-@: saturated NaCl solution and []-[I: dry

salting
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Fig. 53. Changes in pH of salted short-necked ciam
differs in salting method during fermentation at
AT. @-@: 10% dry salting, -l brining
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Fig. 54. Changes in amino nitrogen(AN) content of
short-necked clam differs in salting method during
fermentation at 4TC. @-@: 10% dry salting, -
brining
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Fig. 55. Changes in pH of short-necked clam
according to fermentation temperature. ll-Il: -20C,
@-@®: 0T, A-A: 4T, -€: 10T and x-X: 20T
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Fig. 56. Changes in amino nitrogen(AN) content of
short-necked clam according to fermentation
temperature. ll-Il: -20C, @-@: 0C, A-A: 4T, &~
&: 10C and X-X: 20T
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Table 52. Microbial count of fish sauces after filtration

Storage period(days)

Pore size(/m) Raw Initial 7 14
0.20 3.1x10* - - -
0.45 3.1x10* - - -
1 3.1x10° 2.1x10° 2.7x10° - 3.7x107
3 3.1x10* 4.0x10° 3.5x10°7 75x10°
10 3.1x10* 7.2x10° 9.7x10° 46x10°
20 3.1x10* 2.5x10° 2.6x10° 8.9x10°
50 3.1x10" 6.2x10° 6.2x10° 9.4x10°

A3 F A4S AR EA MAE FE SANAS 9 g0 AE
RE FilT £F9 Aojdt & B AT nAEFE JeEhidey
0.20, 0.45um catridge filterE ©] &3l ATFIF AT AFZAZTHAE
v Eo] AEHA Yol AR FAMT V& 434 o€ & ¢
& Aolgta AtmEHA.

3. UV =A 55

7t UV =41 v 8 49 949
HAAELS UVel 935 44 AldEE 540 loenz olg o&
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ZAL AFe Quk Ao S éﬁ?’lé AHEE gl UV A7
71(253mm, 39W, PVC housing)& °]&43tglew E Mo gy 47
FTAL 2o etk 43e pumpE ol 43t A &FI(UV
7t ARG HeAY HEo] M EE A9 23 wbed Fx)d 9
o] o] REE FHstE 59 UVrE ZAMH o AFo] o]Fojx 7] dr)

4. W AESe W

A4 §5¢ 2Hste] UV 475 E3447) ¥ n4E4E 37
sgom 40Tel Agas 425 ZH3e] Table 539 ehigl
.

Table 53. Microbial count of fish sauces after UV irradiation

Storage period(days)

Flow rate
(ton/hr) Raw Initial 7 14
1.2 3.1x10* 3.2x10* 1.5x10* 2.4x10*
0.6 3.1x10* 7.5x10° 6.2x10° 8.2x10°
0.3 3.1x10* 42x10° 2.7x10° 3.7x10°
0.15 3.1x10* 2.4x10° 3.5x10° 45x10°
0.075 3.1x10* 3.8x10° 9.7x10°  46x10°
0.038 3.1x10* 1.2x10° - 86x10" 3.9x10°
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N3¢ pH 4%l 71 ZA eyl o]i= PET/AL/PE filme] 73
¥ aluminiumol] &% FFdo] A= 3F & filmolg 7l= AdA
ol glo] F71Fe] EAs= A4 filmUl Tl 9§ 237 AAHY
71 WELZ AU Plastic} #4710 RAFE A7 A
 PET/AL/PE 3% A3 film¥% A %S ehigich

Table 54. Effects of packing materials on the changes in pH of
salted and fermented shrimp at 30T

Storage period(months)

Packing material Initial 1 2 3
PE 8.13 8.24 8.55 8.87
- Nylon/PE 8.13 8.22 8.45 8.71
PET/AL/PE 8.13 8.22 841 3.68
Plastic - 813 8.23 8.42 8.67
Glass 8.13 8.24 841 8.66

. AN &3 s

olv] e A4 B 254mg% MRS 3F9 plastic film, plastic
471, fE871d xAZ st 30TeA AZsHA ofn=dt] AL T
¥sle =4 3AHTable 55). Plastic film F]4= PET/AL/PEAl £%
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PET/AL/PEE ol-&3te] 238 A9 AR A ge|A.

Table 55. Effects of packing materials on the changes in AN

contents of salted and fermented shrimp during storage at 30T

Storage period(months)

Packing material Initial 1

2 3
PE 454 892 1300 1681
Nylon/PE 454 764 1195 1574
PET/AL/PE 454 646 937 1322
Plastic(transparancy) 454 635 917 1225
Glass 454 685 984 1245

. 71E AR LZAA= 43 FFE 59 54
71E AZ £ZAE 5 plastic €71, 8% can, #+3-87], plastic
flme o= F55 78 §AS A9

O{N
JH
o o
I
oX
it
nd
flo
o
2
nR
tio
=
o do
—O'_L
2
&
9\\
=
NS
o
2
ot
foich
_l

—-201—



HEARE Yk 3080 FHEF F9 ICPE o &dt F& A
4 ZAE Table 561 YeERAATE plastic €71, §387), plastic
film &% T35 F7F 24 @dor] F% cand ¥FT AT
AN Cd7t EFF FgEAS 1&g F5 £33 AL o

=
plastic filme& °]&3ste] WERZE 2 FFE Fy7 HAGA 4R

Sv
i

L.
=

AL WA F gleng e A4 AHEEa e =EE L ALE

34 2t Aol AN AW Meo] B Aolam Yzhdch

Table 56. Heavy metal libration patterns of packing material in

model system (unit : mg%)
Packing
material Na Fe Pb Cd Cu As

plastic bottle 12,600 - - - - _

Metal can 12,760 - - tr - -
Glass bottle 12,750 - - - - -
plastic film 12,762 - - - - -
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Fig. 58. Changes in pH of salted and fermented
alaska pollack roe differs in packing method during

storage at 20TC.
B-B: vaccum at 660mmHg @®-@: control
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Fig. 59. Changes in pH of salted and fermented
short—necked clam differs in packing method during
storage at 20T.

H-B: vaccum at 660mmlg @®-@®: control
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Fig. 60. Changes in pH of salted and fermented
squid differs in packing method during storage at

207TC.
B-B: vacuum at 660mmHg @®-©O: control
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Fig. 61. Changes in pH of salted and fermented
shrimp differs inv packing method during storage at
20T.

B-M: vacuum at 660mmHg ®-@: control
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Fig. 62. Changes in amino nitrogen(AN) content of
salted and fermented alaska pollack roe differs in
packing method during storage at 20TC.

-8 vacuum at 660mmHg @-®: control
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Fig. 63. Changes in amino nitrogen(AN) content of
salted and fermented short-necked clam differs in
packing method during storage at 20T.

B-B: vacuum at 660mmHg ®-©: control
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Fig. 64. Changes in amino nitrogen(AN) content of
salted and fermented squid differs in packing
method during storage at 20TC.

M-8 vacuum at 660mmHg ®-@®: control
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Fig. 65. Changes in amino nitrogen(AN) content of
salted and fermented shrimp differs in packing
method during storage at 20TC.

-8 vacuum at 660mmIg @®-@: control
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Fig. 66. Changes in pH of fish sauce differs in
packing materials during storage at ambient
temperature.

M-B: transparent material

@®-@®: non-transparent material
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Fig. 67. Changes in amino nitrogen(AN) content of
fish sauce differs in packing materials during storage
at ambient temperature.

BB transparent material

@-@: non-transparent material
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