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SUMMARY

. Title

Studies on the quality characterization of traditionally prepared
Kimchi, effect analysis of fish sauce & seafoods as ingredients and

development on new functional seasonings for Kimchi fermentation

. Objective and significances

It is well known that traditional Korean Kimchi has an attractive
taste, flavor and nutritional properties, mainly caused by lactic acid
fermentation with vegetables and various ingredients including spices,
seafoods and fish sauces. For the preparation of traditional Kimchi for long
term storage, Kimjang kimchi aiming for the supply during winter season,
various seafoods and fish sauces are being generally used as important
ingredients in addition to the basic spice ingredients with expectation of
flavor enhancing and nutritional enrichment effects.

This study was conducted to investigate the physiological roles and
nutritional  properties of seafood- origin ingredients in Kimchi and

development of instant Kimchi seasonings having biological activities.



This study was conducted for 3 years and detailed research scope and

. Content and Scopes

contents of each year were summarized as follows;

year content scope
. . Surv n th f f
Searching & selection e_y on the use o sea. ood
. materials for the preparation of
of seafood materials . . . ,
. traditional Kimchi and consumer's
for the preparation .
- ) . requirements
of traditional Kimchi . . .
Quality evaluation of commercial
. . Kimchi
1996 Preparation of high - :
. . Nutritional analysis of seafood
quality fish sauce as . . o )
: - . materials as Kimchi ingredients
Kimchi ingredients . L
Studies on the quality improvement
of fish sauce
Investigation of biological activities
of major seafood materials
Searching & selection Investigation of effects of
of biologically active seafood materials & fish sauces
seafood materials as on the nutritional & functional
Kimchi ingredient quality of Kimchi
Searching of valuable lactic
1997 Studies on the experimental trials for
processing of preparation of fermenting
functional Kimchi starter for Kimchi
seasonings fermenting Studies on the manifestation
bacteria, seafood characteristics of biologically
materials and fish active components originated
sauces from seafood & fish sauces
Development of Development of functional
functional Kimchi instant kimchi seasongs
seasonings from Determination of storage
1998 selected materials stability of kimchi seasonings
and quality evaluation Evaluation of quality,
economic value and confirmation
developed products




. Conclusion and Recommendation

Major results of this study could be summarized as follows;

1. Survey on the use of seafood materials for

the preparation of traditional Kimchi

For the preparation of traditional Kimchi and consumer's
requirements
1) Randomly selected 500 housewives living in the rural and urban
area of south Korea were requested to answer several questionaires
consisting of asking ingredient recipe for home made Kimchi, attitudes
on Kimchi consumption and qulity requirement on fish sauces as Kimchi
ingredients, etc.
The recovery of questionaires were 86%, in wihch 65.3% of
respondents thought Kimchi as essential commodity among their food
table, however, 6.5% of respondents showed a little significance as food

commodities for daily consumption.

2) Totally 96.3% of respondents used fermented fish sauces and
45% of them used seafood materials as Kimchi ingredients especially for
preparing kimjang Kimchi. The effects of seafood materials as Kimchi
ingredients were improvement on taste and flavor(79.5%), and increment
in nutrition value(54.2%). The reasons for rejecting seafood materials as

Kimchi ingredients were adverse effects on the flavor & taste of



Kimchi(13.5%), hygienic problems(13.5%) and shelf- life of Kimchi(12.8%)

respectively.

3) With regard to the use of fermented fish sauces as Kimchi
ingredients, 84.9% and 69.1% of respondents answered anchovy sauce
and shrimp sauce are preferably used as Kimchi ingredients.

In addition, 76.4%, 54.7% and 314% of respondents answered
oyster, small shrimp and sea- staghorn are favorite seafood materials as

Kimchi ingredients, respectively.

4) The majority of respondents wanted overall improvements on
quality of fish sauces as flavor & taste(86.5%) and hygienic

status(50.9%), respectively, for the use of Kimchi as international food.

2. Nutritional characteristics of seafood materials

and Quality of market Kimchi

1) For the development of Kimchi seasonings, the general quality status
of commercial Kimchi was investigated. Totally 15 samples of market kimchi
(chinese cabbage Kimchi) were randomly collected from the conventional and
advanced market in seoul, Korea and quality characteristics were analyzed

by chemical, microbiological method and orgarnoleptic test.

2) Approximate analysis of Kimchies showed similar levels and there

were no significant difference between samples. But the content of protein



and crude fiber of non-packaged Kimchi were higher than packaged Kimchi.

3) Major nucleotides were Hypoxanthin, and ATP & ADP were not
detected in all commercial Kimchies. It was also found that the average
content of these nucleotides in packaged Kimchi were higher than

non- packaged Kimchi.

4) The content of mineral in packaged Kimchi were higher than
non- packaged Kimchi except potassium, magnesium, phosphorus. Na/K value
and Na contents were 2.03+ 0.25 and 740.0+ 100.4mg% in non- packaged
Kimchi, and 194+ 0.16 and 765.9+ 1023mg% in packaged Kimchi,

respectively, showing excellent Na/K balance and low Na content.

5) The degree of ripening, pH, titratable acidity and total microbial
count showed similar values between sample Kimchies, and deposit of the
circulation and storage conditions were different respectively. But there were
no significant difference between packaged non- packaged Kimchi.
Although the pH of packaged Kimchi was generally lower than that of
non- packaged Kimchi but, the titratable acidity was opposite. The VBN
contents and total microbial count of market Kimchi also showed similar,
but slightly higher levels in non- packed Kimchi presumably caused by using
more protein materials. In sensory properties, flavour of non-packaged
Kimchi was slightly better than that of packaged Kimchi but overall sensory

properties were not significantly different.

3. Quality improvements of fermented fish sauce



It was possible to cut off salt and ammonia content effectively in the
fish sauces by desalting with electrodializer consisting of anion and catch
ion exchanging membrane. removal effect of 20 to 30% of amino acid and
over 85% of ammonia was obtained by desalting with electrodializer up to
the salt concentration of 10% from 26% of original fish sauces without any
adverse effects on flavor & taste, mainly caused by chemical ionic reaction
during desalting process. It was also possible to obtain fish sauces of good
flavors by reaction of them with 0.5 to 1% glucose at 80 to 95 for 15 to

30 minutes.

4. Quality characteristics of seafood materials as
Kimchi ingredients

1) Totally 15 kinds of seafood material including fish sauces were
selected among the traditionally used ingredients for Kimchi fermentation
and its physiological activity as ACE inhibitory effect, anti- microbial activity,
anti- oxidative activity, taste enhancing and taurine enrichment effect was
determined on raw material, enzymatically hydrolysed and alcohol extracted

material

2) ACE inhibitory effect was responsible for its high contents of
glutamate, taurine and functional peptides. It was also found that the alcohol
extracts from kelp(Laminaria spp.) and sea staghorn revealed meaningful
anti- oxidative and anti- microbial activity over E-coli, Bacillus spp. and Lac.

plantarum.



3) It was also concluded that the defects of fermented fish sauces such
as unpleasant odor could be solved by desalting with electrodializer at the
salt concentation of 10 to 5%, presumably caused by elimination of excessive

free ammonia in the sauce during electrodialysis

4) The stabilities of selected physiologically active seafood materials for
the use of Kimchi fermentation on pH and temperature were different by
functionalities. Glutamate, taurine, ACE inhibitory effect were all stable at
both pH and temperature(100 ), but antimicrobial and antioxidative activities

were stable on acidic pH and very unstable on heating process.

5) All the results obtaind from this study were expected to be
scientific sources for the development of physiologically active Kimchi

seasoning ingredients.

5. Development of biologically active seasonings

for Kimchi preparation

It was possible to prepare biologically active seasonings for
preparation of Kimchi by formulation with enzymatically hydrolysed seafood
materials(oyster, alaskapollack, shrimp, squid), alcohol extracts of sea
staghorn, desalted fish sauces and conventional spicy materials such as
garlic, ginger, pepper and welchi onion in a certain mixing ratios.

Seasonings were prepared as paste type and aggromerated type to meet the



requirements of ACE inhibitory, anti- microbial and anti- oxidative activities.
As a results of confirming the manifestaion test, the ACE inhibitory
activity and anti- oxidative activity of seasonings were successfully
maintained during fermentaion of kimchi. It was also found that the newly
developed kimchi seasonings were stable for more than 6 months( paste
type) at refrigerated(10 ) condition, and more than 10 months(aggromerated
type) at 20 and competitive in production cost against raw materials by
using under-utilized small fishes and employing mass treatment and
mechanical processings. The major technologies obtained from this studies

were applied for Korean patent.

6. Recommendations

The results obtained from this studies are somewhat scattered in the
sense of objectives, research contents and scopes. However, the biological
data of the effects of seafood materials on the quality of Kimchi could be a
good scientific sources for understanding traditional korean Kimchi, and
processing technologies of biologically active seasonings could be applied for
the industrial production of commercial products. Newly developed Kimchi
seasonings developed from this study are also expected to be an attractive

commercial items for both local and international markets.
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Q)

NFE*

1. 61.6 20.7 9.5 0.7 7.5

2. 62.1 2.2 11.4 2.7 1.5

3. 66.3 154 13.6 3.8 0.9

4. 60.6 23.3 13.1 0.7 2.3

5. 63.0 20.8 1.1 4.3 0.8

6. 84.3 2.5 14.9 1.7 0.1

7. 86.1 3.3 10.0 0.5 0.1

8. 73.6 2.1 17.0 6.3 1.0

9. 82.8 1.7 13.5 1.8 0.2
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27. 92.0 0.6 1.6 0.1 5.7

* Nitrogen Free-extract



Bacillus subtilis ATCC 6633, Escherichia
coli, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 25923
Leuconostoc  mesenteroides, Lactobacillus plantarum, Lactobacillus

salioarius, Lactobacillus brevis, Lactobacillus pentosus ,

6 (Papain 16,000, HT-proteolytic, Flavour-

zyme™, Protamex™, Neutrase, Bromelain) Novo Genencor

Table 2 .

Table.2 Characteristics of commercial proteases

Condition Optimum  Optimum

Enzyme oH Temp, Manufactuer Origin Type

Genencor Bacillus Endopeptidase
UsA) subtilis var

Genencor Carica papaya Endopeptidase
Usa) fruit

Papain 16,000, 5.0 7.0 65 80

HT-proteolytic 6.5 8.0 45 55

NOVO Fungal Endopeptidase
. . tease/peptid i
Flavourzyme™ 5.0 7.0 50 (Denmark) protease/peptida Exopeptidase
se
Novo Bacillus Endopeptidase
ProtamexV 55 7.5 36 60 subtilis
(Denmark)
var
Novo Bacillus Endopeptidase
Neutrase 55 7.5 45 55 (Denmark) protease
Complex
N -
Bromelain 6.0 8.0 50 ovo pineapple Endopeptidase

(Denmark)
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Table 3. The composition of Kimchi

()
Ingredients Weight
Salted Chinese cabbage 1000
Green onian 31
Red pepper powder 18
Garlic 15
Ginger o4
Water 29




20%

, 500g
20 100g 100
waring blender 10,00Crpm 20
- ethanol acetone 10%, 25%, S0%
80% -40 24 , 10,000rpm 20
» 40 ACE
5.
Flemming - , E.cali Bacillus
subtilis . ,
pepton water  serial
dilution lactcbacilli MRS agar 30 48
colaony - E.cali LB agar ,
Bacillus subtils nutrient agar
toothpick 30 48
colony clear zone

6. (In vivo test)



Sprague-Dawley 3 C 100g )]

1
, 20% Lard
, Taurine
20+ 3 , 50+ 5%, 12
- Table 4-5 -
, Rudel 0 -phth-
aldialdehyde 550nm ,
Chollestezyme-V(Eiken Chem. Co.)Kit 9

TC-V(Eiken Chem. Co.)Kit

, GCT(Glutamic oxaloacetic transaminase) CGPT(Gluta-
mic  pyruvic transaminase) Reitman-Frankel Am
101-K Kit(Asan Pharm. Co. Ltd.) karmen

HDL HDL-C 555(Eiken Chem. Co.)Kit

Table 4. Composition of diet fed to SD-rat



(9/1009)

Ingredient 20% Lard
~ Casein 20.0
Mineral Mix. 3.50
Vitamin Mix. 1.0
Chaline-chloride 0.2
DL-Vethionine 0.3
Cellulose 5.0
Carn starch 25.0
Sucrose 25.0
Lard 20.0
Total 100
Calary 460Kcal
Table 5. Composition of the experimental diet fed to SD-rat
(9/1009)
Camposition  Control ™ Talir_ ;/Le o
Casein 20 20 20 20
Mineral MIX 3.5 3.5 3.5 3.5
Vitamine VIX 1.0 1.0 1.0 1.0
Choline 0.2 0.2 0.2 0.2
chlaride 0.3 0.3 c.3 0.3
DL-Vethionine 5.0 5.0 5.0 5.0
Cellulose 25.0 25.0 25.0 25.0
Carn starch 40.0 40.0 40.0 40.0
Sucrose 5.0 5.0 5.0 5.0
Corn oil 5.0 5.0 5.0 5.0
Taurine 1 1.5 2
Total 100 101 101.5 102.0
Calary 385 385 385 385

7.



1996 3 15 5 15
500
4
500
430( 86%) -
3 .
1.
A.C.A.C. - »
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2. pH, Brix
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Nohr , 10Qg C

HJ-5000T) 100ml mass flask 19
10l 100ml beaker 2% Potassium chromate 1l
0.02N AgNC: )
end point , mi
) .

()= 0.02N AgNC3 ml Xx0.00117x0.02N AgNC:  Fx100/10x 100

4.
MRS 37C
incubator 48 calany
5.
Phenol-sulfuric acid (Dubics , 1956) ,
Iml S%(w/v) phenal Iml 5rl

, 10 vartex 20 30 490nm

6.

Color difference meter L( ), aC ), b

),AE ]



5g 0.6N HCIC4 50ml

menbrane filtration (0.2p ) HPLC

HPLC Valentine
(5°-ATP, 5°-ADP, 5°-AMP, 5°-IMF, 5"-CMP, incsine,
hypoxanthine)  Sigma
retention time peak

- HPLC Table 6 -

Table 6. Operating conditions of HPLC for the analysis of

nucleotide and their related compounds

Instrurent Waters Associates HPLC System

Callumn M -bondpack C18(3.9mm 1.D. x 30cm)

Mabile phase 1% trimethylamine/ Phosphoric acid(pH 6.5)

Flow Rate 2.0ml/min.

Chart Speed Q0-25crr/min.

Detector UV detector at 254 nm
8.

1 95% Ethancl 3.5

0.45 rillipore filter - Collumn
M -Bondapak C18 3.9x 300mm 50mM  photassium
phosphate buffer (pH 6.78) 254 -



chlaroform:methanol (2:1,v/v)

Falch . chlarofornm

silicic acid column chromatography
- silicic acid (200-4C00 resh,Sigma Co) 30g
chloroform glass column(1.8x 30c)

G.5g chloroform chloroform, aceton methancl

TLC -
TLC plate(Kieselgel 60 F254 0.25mm precoated, merck CC)  spotting
petroleum ether:ethyl ether:acetic acid(80:20:1, v/v)
40%

RF

IN KCH 14% BF3/ NeCH nmethyl
ester GC . Table 7 .

Table 7. Operating condition of GC for fatty acid analysis



Instrurent Hewllett Packard GC Model5830

Column PAG calumn(C-25mm 1.D.x 30m,)
Carrier gas He, (20ml/sec)
Cetectaor Flame ionization detector
Injectar temp 250
Cectar temp 270
10.
10ml watch glass
2ml
10ml - 3

HCI (1:3) Sml
3 25ml ICP(Inductively

Coupled Plasra) -

11.
phenylisathiocyanate(PITC)
HPLC Pico-Tag - ,
20ml 95% 8ol 25%
TCA 3,000g 20
- Amberlite IR-120 column (100 200mesh, 2crx 20cn) 1
2ml/min 2N NH«CH
. phenylisothio-cyanate
(PITC) pH 2.2 citric acid buffer Smmel

C-2u v membrane filter -



HPLC

Table 8 .

Table 8. Operating conditions of HPLC for the analysis of amino acid

Instrument

Callumn
Solvent

Detector

HP 1090 HPLC(Water Asscciates Inc.USA)

Aminocquant 2.1x 200mm(Waters Assocates Inc.USA)
Channel A: 200p M sodium acetate buffer containing
0.018% TEA + 0.3% tetra-hydtofuran, pH 7.2

Channel B: 20% 100mM scdium acetate buffer, pH 7.2
and 40% acetonitrile + 40% MeCH

HP 1046A UV detector at 254nm

12.

40 130

water bath 10

6N HCI 105 , 24

0.45u m menmbrane filter  seppak

barate buffer 30 AccQ-Tag 55

HPLC Table 9 -

Table 9. Operating conditions of HPLC for total amino acid

Instrument

Calurn
Solvent

Water U6K Injectar

Water 510 Pump x 2

Water 680 Cradient Controller

Water 746 Integrator

Water Pico-Tag colurn(3.9x150mm, 4 )

A - 0.14 Sodium acetate trihydrate containing
0.0%% triethylarine(pH6.4)+Acetonitril = 94 - 6




13.

Cormay Unit micro diffusion methad
- 59 4% Trichloro acetic acid sol. (sigra) 20ml
Harogenizer 300Crpm 2 3
Whatman No 4 Iml Carmay Unit
K2CC3 1ml 17150 N
HCI 37C 90 1/70N Ba(CH)2
. , Iml 75%
ethanol 30 4000rpm 20
sodium borate buffer 50l
- 5ml copper phosphate
4,000rpm 20 620nm
14. (Nitrogen Sclubility Index)
kjeldahl
Nitrogen caontent in B
(Nifrngnn Salubil i-th Indnv)— x 100

A : raw sample

B - hvdroysis sample

Nitrogen content in A

15. Angiotensin

ACE Cushran  Cheung

(ACE)



100 ACE 100 (pH 8.3, containing 400mM

NaCl) 200 , 37 preincubation -
12.5mM  hippuryl-histidyl-leucine 100 37 1
IN HCI 300 (
100 , IN HCI 3C0
ACE 100 )- ethyl acetate 1.5 15
, 3,00Crp 10 1 -
140 20 5 IM NaCl

3 15 228nm

ACE -

16. ACE peptide

-Iaon exchange chraomatography
5 Anvberlite IR-120(H+
form) column(3.0x 30 )
, NHH (0.01 1.0 V) ( ,30 /hr;
5 /tube) .

- gel chramatography

ACE 40 , Bio-gel
P-2(Bic-Rad ) colutn(2.2 x 80 ) 2
(C , 20 /hr ; 5 /tube) .
280nm -

- HFLC

ACE 40 Millipore



HA membrane(pore size 0.45 ) ,

HPLC (Waters

Associates HPLC system ; Calumn, TSK gel 0DS-120T(4.6 x 25 ) ;
, 220nm ; Mcbile phase, 10 50% acetonitrile/0.1% trifluoroacetic
acid ; , 0.8 /min -
17. Peptide
ACE peptide Edman protein
sequencer(Milligen 6600B, U.S.A.) -
18. (DPPH test)
4ml  NeCH 1.5x 10-/rl DPPH Il
vortex , 30 , 517nm optical density(C.C.)
control electron donating ability(ECA) -
19.
. Tryptic
say broth 24-48
» , 48 .
20.
1mM NaNO, 2 1
C.IN HCI (pH 1.2) 0.1M Glycine-HCI (pH
3.0 10 - , 3
7 1 1 2%



5 , CGriess (30% acetic acid 1% sulfanic acid

1% naphtylamine )
.4 , 15
520
(¢ - Griess 0.4
21.
3 , 80 3 , 0.5N NaCH 1,
1 80 20 -
0.5N NaCH pH 9.5
10 - 30
, 10 flask 5

Sulfanilamide 400 , HCI 400 , naphtylenediamide 400 -

10 20
540nm - 5 -
22.
dynaric headspace
) 10g 40 (50
60mL/ , 30 ) puring 5 dry puring - Tenax-GC(polymer

based on the 2,6-diphenyl-p-phenylene oxide, 60/80 mesh Alltech,U.S.A.)

(/8" x 12" stainless steel) . Purge-trap



system desorb preheat 220 , value, mount line
100 , desorb 225 (3 ), bake 230 (30 ) -
(bB-5, 60mx 0.32mr, 5% phenyl 95% methyl

silicone, 0.25p m in film thickness, J W, U.S.A.)

3B U )} 180 3
180 , 280 - ,
1.2ml/min split ratio 1:10 -

GC-mass spectraretic detectar(MSD5972,
Hewlett Packard,U.S.A)

Wiley NBS 138 library spectrum

23.
10 panel s s ,

5 G ) ad



10 -
40 30 35.3%, 33.3%
100 149 , 150 199
93

) 60. 4%

9.8%,

30.9%, 29.5%

1,477,800 (1994

80.0%



3.7% - 58.4%,
41._6% 40.5%
10.
0

o 20 29 51 11.9
o 30 39 143 33.3
o 40 49 152 35.3
o 50 84 19.5
0 99 68 15.8
o 100 149 133 30.9
o0 150 199 127 29.5
0 200 249 48 11.2
0 250 54 12.6
o 28 6.5
o + 344 80.0
o + 42 9.8
o] 16 3.7
o 251 58.4
o 179 41.6
o - 75 17.5
o] 58 13.5
o 53 12.3
o] 174 40.5
o 70 16.3

430 100.0




11

. 65.3% , 27.2%
70.5%
12.3%
11.
(D)

o 285 65.3
o 117 27.2
o 26 6.0
f6) 2 0.5
303 70.5
4 C.9
31 7.2
o] 18 4.2
o 74 17.2
430 10C.0




© “95

12
100%
63.5%, 62.1%, 57.9%, 53.0%, 47 7%
; 1
«
’ ’ ’ ’ ’ ’ ( ) ’ ’

11.4%,

3.5% -

). 1)



12.

)
o] 430 100
o] 273 63.5
o] 108 25.1
o 205 47.7
o] 267 62.1
o 49 11.4
o] 249 57.9
o] 10 2.3
o] 228 53.0
o] 22 5.1
o5 29 6.7
o 10 90 20.9
o 15 68 15.8
020 120 27.9
0 30 70 16.3
o] 53 12.3
o 391 90.9
o 420 97.7
o 323 75.1
o 187 43.5
o 275 64.0
o 208 48.4
o 57 13.3
o 424 98.6
o] 426 99.1
o] 421 97.9
o] 407 94.7
o] 293 68.1
o ) 17 4.0
o ) 18 4.2
o () 328 76.3
o 415 96.5
o 203 47.2
0 49 11.4
o 15 3.5




84.9%

69.1%, 19.5% ()
.( 13)
37.3%
, 29.4% 20.4%
16,00
13.
@

o) 365 84.9
o 297 69.1
o) 53 12.3
¢ ) 84 19.5
o 33 7.7
o 12 2.8
o 161 37.3
o) 93 20.4
o) 121 29.4
o 75 17.9
o 8 2.0
o 5 1.2




79.5%,

39.1%, 35.8%
11.6%, 6.3%
( 14).
“47.2%)
13.5%, 13.5%, 12.8%
14.
@
0 342 79.5
0 50 11.6
0 154 35.8
0 27 6.3
0 168 39.1
o 2 0.5
o 7 1.6
o g8 13.5
o 30 7.0
0 28 6.5
0 40 9.3
o 55 12.8
o 58 13.5
o 7 1.6
o 203 47.2




64 .4%

16.0%
( 15).
15.
)

0 52 12.1

0 19 4.4

0 277 64.4

0 69 16.0

4 0.9

13 3.0

16 ;
84. 7%,
15_3%
54.2%,

37.2% -



16.

(D)
364 84.7
o] 66 15.3
o 126 29.3
o 260 60.5
o] 56 13.0
o 7 1.6
o 2 0.5
o 42 9.8
(0]
122 28.4
(0]
25 5.8
76 17.7
(0]
24 5.6
0 ’
31 7.2
(0]
30 7.0
(0]
5 1.2
(0]
142 32.0
(0]
, 76.7%, 54.7%
19.8%, 17.4%, 15.1%,
12.3%, 12.1%
68.4%
58.8%

(1D



17.

)
0 79 18.4
0 17 4.0
0 4 0.9
0 65 15.1
o] 8 1.9
o) 44 10.2
o) 85 19.8
o) 5 1.2
o) 53 12.3
o) 330 76.7
o 235 54.7
o 51 11.9
o 52 12.1
o 4 0.9
o 6 1.4
o 11 2.6
o 34 7.9
o) 253 58.8
o] 14 3.3
o] 6 1.4
o) 22 5.1
o 135 31.4




(53.0%)

(38.8%) 10.7%,
%
35._6%
, 29.1%, 24.1%, 17.4%
( 18).
18. (C
()
0 228 50.8
0 167 37.2
o) 46 10.2
o) 8 1.8
o) 153 32.7
) 103 22.0
0 125 26.7
0 75 16.0
0 12 2.6




19

61.1% “ « »
“ 25.3%
86.5%,
50.9%, 13.0% .
19.
@
o] 109 25.3
o] 33 7
o 20 7
o 18 2
o 249 57.9
0 1 0.2
o] 372 86.5
o] 24 5.6
o 56 13.0
o 219 50.9
o] 6 1.4
o 5 1.2




27

D

15%,

(VBN)
¢ D.

2)

" -IMP

468.60Mgk,

60 90%, 12
90% 0.5 4% -
10 15%
4.5 S% 1%
1.11 1.3%

0.C4% -

5 -AVP 5 -hypoxanthine
E -IVP 5 -hypoxanthine
23.61mg%, 16.02mg%

ATP 29.73mg% -

(Table 20).



Na

Fe, P, Mg . Zn

696.6mgYk(dry basis)
(Table 21).

Cleé:1, Ci18:1, C20:5, C22:6

- C22:6
10.49%, C20:5 5.71 %
C22:6 34.57% (Table 22).
10% glycine, glutaric acid, alanine,
histidine
taurine 532.0mg%, 495_0mg¥% -
10%
0.8 1.7%
10% glutamic acid

NSG (Table 23).



Table 20. Nucleotide contents of seafood materials

(mg%)
Sample Hyporxanthin IMP HXR AVP ADP ATP
1. 14.40 - 7.10 - - -
2. 1.53 3.58 1.76 25.40 2.58 3.24
3. 0.78 - - - - -
4. 4.71 - - 4.30 - -
5. 48.60 1.51 - 0.06 - -
6. - - 1.46 - - -
7. 1.40 - 3.52 - - -
8. 3.34 - 3.75 4.05 - -
9. 20.06 13.65 0.93 0.59 - -
10. - 6.62 - 6.18 11.49 -
11. - 54.50 2.70 3.30 12.26 6.51
12. 17.50 42.04 - - - -
13. - 13.91 - - - -
14. - 89.10 3.69 2.27 5.97 -
15. - 44 .27 2.15 2.40 5.84 0.33
16. - 102.78 17.65 55.25 43.38 25.81
17. 16.02 - 4.30 3.10 5.93 2.74
18. 7.54 - 5.80 - - -
19. 23.61 - 14.30 20.63 2.16 29.73
20. 7.94 - - - - -
21. 6.23 - 5.41 - - -
22. 5.20 - - - - -
23 - 20.62 3.04 211 13.66 -
24 - 62.63 1.92 1.29 8.05 -
25. - - - - - -
26. - - - - - -
27. - - - - - -

Table 21. Mineral contents of seafood materials



(mg%)

Sample Ca P Mg Fe K Na Mn Cu Zn
1. 57.5 118.5 37.7 5.3 169.5 8,472.9 0.20 0.23 0.76
2. 104.0 147.0 292.9 2.5 3329 6,723.3 0.14 0.14 0.42
3. 460.8 381.3 189.9 5.9 256.9 4,402.8 0.44 0.44 0.87
4. 241.2 202.2 531.8 0.5 319.6 8,099.3 0.31 0.31 0.42
5. 584.7 407.8 269.9 1.7 459.8 6,221.7 0.10 0.10 1.44
6. 327.0 39.9 31.0 0.69 294.6 210.7 0.06 0.06 0.71
7. 412.3 80.0 19.4 0.47 84.7 1,244.2 0.06 0.06 0.58
8. 844.3 323.7 42.5 0.72 294.8 212.8 0.04 0.04 0.71
9. 3,399.0 117.4 63.7 1.7 75.7 437.1 0.76 0.76 0.90
10. 1,412.3 304.4 201.4 0.75 356.8 549.0 048 (0.48 1.50
11. 37.5 159.1 82.7 7.7 339.7 464.6 0.14 0.14 1.16
12. 6.8 97.7 37.0 0.46 160.2 2339 0.20 0.20 0.87
13. 105.9 110.7 210.1 0.63 50.5 255.0 0.13 0.13 1.80
14. 79.7 180.0 26.7 0.34 240.2 125.2 0.07 0.07 0.89
15. 232.9 286.4 49.6 0.21 284.0 366.2 0.14 0.14 0.96
16. 32.5 194.0 32.5 0.99 350.0 284.9 0.08 0.08 0.53
17. 17.6 2115 52.7 2.1 244.6 316.7 0.13 0.13 1.00
18. 15.4 99.3 32.6 0.86 90.6 138.3 0.38 0.38 1.52
19. 108.6 145.1 65.42 1.2 269.7 549.3 144 1.44 0.34
20. 4249 392.4 260.0 0.30 387.4 4,624.1 0.05 (.05 0.81
21. 39.7 714.49 188.4 0.53 589.6 7,144.9 0.10 0.10 0.26
22. 110.2 399.8 277.4 1.3 332.3 6,671.3 0.08 0.08 0.22
23. 49.0 362.1 171.3 0.30 283.7 6,893.0 0.35 0.35 0.66
24. 107.4 806.4 313.14 1.3 653.7 7,964.8 0.49 0.49 2.14
25. 59.8 13.0 3.7 0.70 11.4 153.3 0.03 0.03 0.21
26. 101.4 4145 60.9 0.61 437.3 205.2 0.01 0.01 0.12
27. 27.7 31.1 26.2 2.9 26.7 70.3 0.01 0.02 0.15
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15 ( 10 , 5 )

Table 24 -
90% , 2.5 2.9%,
2.0 2.3%,
0.3% 0.8% -
Table 25 -
pH
- pH 4.2
0.6% €, 0.45 0.7%% 9
pH 4.5 5.4, 0.38 0.61
- 108 10¢
Table 26 5
2.9 34 -
Table 27 -
ATP  ADP HX, IMP, HxR, AVP

HX -

Table 28



9

2.1

Table 29

Na

Na

Ca

32.6 33.4mg%, 44.6 45.0mg%

1:1 Na<K

1,856.8 2,555.9mg%



Table 24. Proximate composition of commercial kimchies

(unit:%)
Item Moisture Ash Pratein lipid C. Fiber
A D 91.1 2.8 2.0 0.1 1.1
A D 89.7 2.8 2.2 0.1 1.1
B- 91.4 3.2 1.9 0.1 1.1
B- 89.2 3.3 2.3 0.1 1.9
C- 91.4 2.5 1.9 0.1 1.1
Packaged  ¢_ 90.5 3.0 2.1 0.1 1.1
Kimchi  p_ 89.9 2.7 2.1 0.1 1.3
D- 90.8 3.0 2.1 0.1 1.4
E- 90.8 2.6 1.9 0.1 1.1
E- 91.4 2.9 2.0 0.1 1.2
Avgt Std  90.6+ 0.8 2.9+ 0.2 2.0+ 0.1 0.1t 0.01 1.3+ 0.2
F- D 90.9 2.2 2.2 0.1 1.6
G- 91.3 2.4 2.1 0.1 1.5
Non- H- 89.8 2.3 2.7 0.1 1.5
packaged  p_ 88.7 2.8 2.6 0.1 1.8
Kirchi ¢ 89.1 2.8 2.0 0.1 2.0
Avgt Std 89.93+ 1.0 2.5+ 0.2 2.3+ 0.3 0.1 0.01 1.7+ 0.2
1) = Whole Cabbage Kirchi(pegi Kinchi)

2)

Sliced Cabbage Kimchi(rat Kinrchi)



Table 25. Chemical properties of commercial Kimchies

(unit:%)
Tcotal
Itens* pH Acidity NaCl VBN  ricroflora
(CFU/T D)
A- 4.9 0.42 2.6 14.7 6.0x107
A- 4.2 0.51 2.5 52.9 4-0x105
B- 4.1 0.69 2.4 8.4 8.5x105
B- 4.4 0.55 2.9 16.1 3.8x106
o 4.4 0.45 2.2 14.0 4.5x105
Packaged . 4.6 0.59 2.5 20.1 5.7x108
Kimchi o- 4.3 0.75 2.4 13.3 1.0x105
o 4.6 0.51 2.6 14.0 12105
E- 4.9 0.45 2.3 11.9 o 0x107
E- 4.5 0.55 2.3 11.9
6.0x106
Avgt Std 4.5t 0.3 0.61% 0.20 2.5+ 0.2 17.7+ 12.1  7.3x107
F- 4.9 0.42 2.1 16.1 2.3x108
G- 5.6 0.28 2.5 11.7 3.2x106
Non- H- 5.8 0.37 1.9 20.8 3.0x107
packaged 5.6 0.39 2.5 26.9 2 5x105
Kiireh c- 5.0 0.46 2.5 2.8 15008
Avgt Std 5.4+ 0.4 0.38t 0.06 2.3+ 0.3 5.7+ 8.2  5.0x107

* Item:referred to Table 24



Table 26. Sensory evaluation of commercial Kimchies

Items)) Total
Flavor Appearnce Texture Taste
Sample Preference
A- 3.5 3.4 4.1 3.9 4.0
A- 3.8 4.1 4.0 4.2 4.3
B- 2.4 3.4 2.9 2.8 2.7
B- 3.2 2.7 3.3 3.3 3.1
C- 2.6 4.3 3.3 2.2 3.0
Packaged  C- 2.1 4.0 3.0 2.5 2.6
Kimchi C- 2.8 3.5 3.5 2.8 3.2
C- 3.0 1.9 3.7 3.1 2.9
E- 3.0 2.8 3.1 3.1 3.1
E- 2.1 1.9 2.8 2.9 2.7
2.9 3.2 34 3.1 3.1
Avgt Std
+ 0.5a + 0.8a + 04a =+ 0.6a + 0.5a
F- 2.4 3.4 2.1 2.2 2.1
C- 3.1 3.6 3.4 3.3 34
Nan- H- 2.0 1.7 2.1 2.2 1.9
packaged  F- 3.9 4.2 4.0 3.6 4.1
Kimchi C- 3.3 3.1 3.6 3.5 3.1
2.9 3.2 3.0 3.0 2.9
Avgt Std
+ 0.7a + 0.8a +0.8a +0.6a + 0.8a

1) Item:referred to Table 24
2) Within a 1tem, values with same superscripts are not

significant(p<0.05) by Ducans®s multiple range test.



Table 27. Contents of nucleotides in commercial Kimchies

(Unit:mg%)

Items™
HX IMP HXR AVP ADP  ATP
Sample
A- D
) 6.0 1.4 - 0.4 - -
A= 9 14.9 10.1 6.4 6.3 - -
B- 5.3 1.6 2.5 0.3 - -
B- 12.7 3.6 2.45 1.2 - -
C- 11.0 2.4 0.65 0.5 - -
C- 15.0 5.1 2.65 1.4 - -
Packaged . 5.9 1.4 0.40 0.1 - -
Kimchi O 20.3 6.8 0.47 1.6 - -
E .0 1.8 3.81 0.2 - -
5 1.2 4.37 0.4 - -
E-
Avgl+ Std 6.8+ 2.3 1.7+ 0.4 15+ 1.6 0.3+ 0.2 - -
Avg)+ Std 13.7+ 5.4 5.4+ 3.4 3.3+ 2.3 2.2+ 2.4 - -
Total
10.3+ 5.3 3.52 3.0 2.4+ 2.1 1.2+1.9 - -
Avgt Std
F- D 6.6 1.5 - 0.5 - -
G- 8.5 2.1 0.9 1.3 - -
Non- H- 6.1 2.4 0.5 0.4 - -
packaged  p_ 9.0 0.8 0.5 1.3 - -
Kimchi c- 5.8 2.6 1.1 - - -

Avgt Std 7.2+ 1.5 1.9+ 0.7 0.6+ 0.4 0.7+ 0.6

* Items:referred to Table 24



Table 28. Contents of minerals in commercial Kimchies

Unit=mg%)

Items*

Ca P Fe Mg K Mn Cu 2Zn Na Na/K
Sample
A- 33.5 445 0.44 3.8 384.6 0.23 0041 0.30 848.1 2.21
A 28.1 45.4 0.57 32.5 2442 0.20 0037 026 631.9 1.84
B 3.9 45.1 0.42 36.9 391.9 (.17 0.037 0.30 739.4 1.89
B 28.1 50.4 0.64 43.6 390.6 0.26 0.044 0.48 654.8 1.68
- 30.7 415 0.47 30.7 375.3 0.39 0.043 0.33 738.3 1.97
- 37.8 42.8 0.52 32’5 426.4 0.2l 003 0.30 945.5 2.22
b 34.3 40.3 0.52 31.6 300.8 0.20 0.039 0.33 597.9 1.99
Packaged

T e 37.3 445 0.47 38.8 408.4 (.24 0.044 0.31 798.5 1.96
Kinchi 30.0 43.5 0.42 33.4 3769 0.21 0.043 0.28 679.4 1.80
E 30.4 49.5 0.64 35.3 404.1 0.16 0.049 0.36 766.0 1.89
2.9 43.0 0.45 34.3 365.8 0.24 0041 0.31 720.6 1.97

Avgl+ Std
+2.5 +2.0 £0.04 +3.5 +37.0 £0.09 + 0.003 + 0.02 +91.7 +0.15
2.3 46.5 0.57 36.7 394.7 0.2l 0041 0.3 759.3 1.92

Avgzt Std
+4.9 +3.3 +0.07 +4.5 *31.0 +0.04 * 0.007 * 0.08 + 125.9 + 0.20
Total 2.6 45.0 0.51 35.5 380.3 0.23 0041 032 740.0 1.94
Avgt Std  + 3.5+ 3.1+ 0.08+ 3.8 +33.8+ 0.06+ 0.002+ 0.06+ 100.4 + 0.16
F- 31.1 40.5 0.66 28.6 332.0 0.21 0.066 0.3 922.9 2.78
G- 29.8 31.6 0.44 235 327.2 0.23 0.03 022 741.8 2.27
Nan- H- 30.0 47.6 0.66 29.8 340.0 0.25 0.055 0.43 705.2 2.07
packaged |_ 43.3 57,5 0.74 37.2 468.2 0.35 0.068 0.42 897.7 1.92
Kimchi 3 40.4 40.6 0.71 33.4 4159 0.27 0.058 0.29 821.4 1.97
349 43.6 0.64 30.5 376.6 0.26 0.056 0.3 817.8 2.03

Avgt Std

+ 5.7+ 86+ 0.11+ 46 +58.1+ 0.056+ 0.012+ 0.08+ 84.7 = 0.25

Total 334 46 05 33.8 379.1 0.24 0.046 0.33 765.9 1.91
Avgt Std + 45+ 56+ 011 + 4.7+ 42.6+x (0.06 + 0.011 + 0.07+ 102.3+ (.50

* Items:referred to Table 24



Table 29. Contents of total amino acid in commercial Kimchies

(Unit:mg%)

Sarple*
Packaged Kimchi Non-packaged Kimchi

Amino A- A- B- B- C- C- b- b- E- E- F- 1 G- H- 1- J-
acid

1. ASP 161.4| 156.1| 250.4| 334.0| 255.1] 256.5 92.0| 328.1 160.6| 215.6| 327.3| 222.5| 163.9| 265.9| 227.
2. GLU 603.5 580.1| 585.5 492.3| 477.3| 730.4| 121.9| 717.1] 633.2 648.8| 441.6| 658.8| 784.5| 775.2| 588.
1. SR 70.0f 66.7| 50.9| 59.6| 41.8 48.7| 72.7| 78.6| 59.3 51.1 65.6 78.0 77.2] 83.2 77.

55.8/ 65.5| 34.6/ 50.7| 35.5| 45.1 53.8 54.8/ 53.7] 35.5 57.1 74.1 79.2 79.5 81.
o o 31.0, 61.5| 16.9] 26.4| 15.8 20.3] 118.2 29.4| 22.5| 18.9 20.9 - 29.4] 33.7] 32.
2: :;j 7.3 215 - - - 4 .2 4 10 - - 4 84 6.7 so.
7. ARG 39.5 119.3 18.9 45.8 20.2, 7.6 134.7 19.8 79.2 48.0 83.2 24.0) 211.3] 180.3| 122.
78.4/ 71.8 €8.3| 103.0| 65.5 24.1| 79.4| 100.3] 69.2| 99.6| 129.5| 206.5| 74.4] 72.2] 123.

. ;:z 73.8] 115.3 63.0 72.4 76.7 46.5 76.5 91.7| 112.5 70.4 73.8| 109.4 99.6| 138.7| 121.
jj_ FRO 112.6| 192.4| 123.2| 144.6 93.6 84.6 91.3| 135.5 188.7 86.6| 128.7 94.3 117.6) 137.3
11. TYR 84.4 61.6 57.0 69.5 54.8 77.4) 121.7 79.8 61.1 74.6 64.4 76.7 20.6) 13.2 97.
12, VAL 84.7 74.8 51.1 64.4 57.4 87.4 73.7 87.5 72.2 53.7| 69.8 78.8 79.2 59.0 73.
13- VET 100.4| 73.8 - -| 18.1 15.8/ 123.0| 15.4] 55.8 29.1 -  42.9] 146.3] 118.6| 38.
14- ovs 104.6| 109.3] 396.6| 201.3| 401.3| 382.8| 380.2 172.2 72.9] 404.4| 328.2| 251.2| 174.0 178.2

) 70.0| 56.8 102.8 98.3] 96.9 95.0 126.0] 118.1 36.9 - 78.7| 214.2] 44.7) 29.2| 18.
15 I8 93.6| 98.6| 41.5/ 64.6| 46.0/ 60.4/ 102.5 75.1| 83.8] 49.7| 70.2| 96.6| 201.7| 186.8 172.
16. L& 81.4) 61.4] 28.9] 48.2| 33.0/ 40.4/ 147.9] 59.0 53.0] 37.7| 59.9] 61.4] 70.5 76.2 61.
1. P 105.9| 82.5| 80.1 85.0f 67.8/ 8.8 105.1| 112.1] 70.3] 87.7| 98.8 108.9] 97.6| 122.3] 117.
18. LYS

Total |1,958.3/2,068.9|1,969.8/1,960.0|1,856.8/2,109.7|2,116.8|2,274.5|1,886.6|2,011.3|2,097.6| 2,398.2| 2,480.0| 2,555.9| 2,013.

* sample:referred to Table 24




12 15
model system
(Table 30).
dichloramethane , chloroform
B. subtilis Ps.
Tlurescence -
0.01%, 0.05%, 0.1%, 1% , chitcsan 0.01%,
0.02%, 0.05%, 0.1% . Table 31 24
- 4 contral
’ chitosan B.
subtilis 10-€ chitosan  0.02%

calony



Table 30. Anti-microbial characteristics of seafood materials

(unit - mm )
D Leu.mes. Ps. f. B.S. B.C. L.P.
(352) (199 (183) (630) 437 (144)
Solvent
1.0 - 0.9 - - 0.9
1.1 - - - - -
- - 1.1 - - 1.0
0.9 - 1.3 - - -
1.0 1.0 - 0.9 - -
1.1 - 1.0 - - -
1.2 1.0 2.5 - 3 1.4
0.8 - 1.7 - - -
1.4 - 0.9 - - -
water
0.9 - - - - 1.4
0.8 - - - - 0.9
- - - 0.9 - 1.4
- 0.9 - - - 1.1
1.3 - 0.9 - - -
1.4 1.0 - - - 1.0
1.2 - - - - -
1.2 0.9 1.1 - - -
0.9 - 1.4 - 1.5 1.2
- - 0.9 - - -
0.9 - - - - -

1) Leu. Mes : Leuconostoc mesentercides, Ps. f. : Pseudomonas fluarescens
B.S. : Bacillus subtilis, - Saccharonyces cerevisiae,

B.C. : Bacillus cereus, L.P.: Lactobacillus plantarum



Table 31. Anti-microbial characteristics of shrimp anchovy sauce

C Unit = mm)

Chittosan Salt-fermented salt-fermented
Control shirmp anchovy

0.01% 0.02% 0.05% 0.1% 0.01% 0.05% 0.1% 1.0% 0.01% 0.05% 0.1% 1.0%

E. coli +++ +H+ + + + £ = = + + + =
B. subtilis e s S
P. aeruginosa +++ ++ +H+ H+ -+t + = % + - -
S. aureus +++ ++ o+ o+ + + + £ ++ + o+ o+ -
1) ++ : very strong, ++ : strong, + : weak, * : very weak, - : no
activity
- ACE
D ACE
ACE
’ 60
ACE Table 32
- , €thanol 50% 1.44g
ethanol 10% 1.62g , ACE
ICt0  (ACE 50% )] 0.512
protein/ . Acetane

ethanol }



Table 32. Changes of ACE inhibition effect of salted and fermented

anchovyl) according to extraction solvents

Solvents (%) Pratein-g, Yield 1CE(, protein/
Unfractionated 2.72 (100) 0.830
Ethancl
10 1.62 (60) 1.179
25 1.58 (58) 0.791
50 1.44 (53) 0.512
80 0.72 (27) 0.789
Acetone
10 1.60 (59) 1.445
25 1.24 (46) 1.037
50 1.22 (45) 1.000
80 1.14 (42) 1.106

1) Fermented for 60 days at an ambient temperature.

2) ACE
ACE

protein/ , 60

peptide ACE

ICt0

[ [00] 0.512 protein/

2,976

ACE



Table 33. Changes in 50% ethanol soluble peptide-nitrogen and ACE

inhibitory activity during fermentaion of salted anchovy

Fermentation } } i}
(Gays) Peptide-nitrogen, / 1CE(, protein/
0 15.08 2,976.000
20 25.09 1,256.000
40 28.51 0.564
60 44.04 0.512
80 38.87 0.698
100 29.58 1,232.000
iy
(Hitachi Nodel 835) Table 34
- 15
» 1.4 ,
4.7 - Ala>Leu>Lys>Glu>val

Tau>Ala>Lys>Val>Arg



Table 34. Taurine contents of salt-fermented seafood materials

salt-ferrentated

salt-ferrentated

anchovy ) shrimp
anchaovy shrimp
mg% AT g% AT mg% AT mg% AT
Tau
. 24.7 23| 206| 185| 64.0 10.6 | 13.4 6.0
T 1.3 01| 0.6 0.5 2.3 0.4 4.4 2.0
24.0 22| 5.0 45| 16.2 2.7 11.5 5.1
Ser 0.0 00| 1.8 16| 10.3 1.7 8.1 3.6
Glu 118.0 | 10.8| 6.1 54| 13.5 22| 26.0| 11.7
Gly 1.5 0.1 3.6 3.2 | 1421 23.6 18.7 8.4
Ala 194.1| 17.8| 16.1| 14.4  51.3 8.5| 18.7 8.4
Cys 64.0 59| 0.0 0.0 0.0 0.0 0.0 0.0
val 103.5 95| 6.9 6.2 20.1 33| 12.4 5.6
Vet 45.7 42| 43 3.8| 11.9 2.0 6.8 3.0
e 87.5 8.0 4.2 3.8| 10.6 1.8 9.6 4.3
Leu 1436 | 13.2| 8.9 8.0| 19.9 33| 17.8 8.0
“wr 25.6 23| 3.5 3.2| 13.8 2.3 9.5 4.3
the 67.9 6.2| 5.2 46| 16.5 2.7 9.6 4.3
e 1243| 11.4| 35 3.1 41.4 6.9 26.0| 11.7
2.9 21| 3.4 3.0 1.0 0.2 0.7 0.3
\H3 1.1 1.0| 13.3| 11.9 1.3 0.2 0.7 0.3
His 0.5 0.0 1.5 1.3| 1156 19.2| 21.8 9.8
Arg 31.2 2.9 1 8| 49,9 8.3 7.5 3.4
Pro
E.AA.7)| 596.44 | 54.65 | 38.06 | 34.10 | 136.54 | 22.70 | 93.63 | 41.99
Total |1091.36 | 100.00 | 111.61 | 100.00 | 601.59 | 100.00 | 222.97 | 100.00

1) Essential amino acid



2)

)
Taurine
Table 35 .
20% lard
1% Taurine 12.8% 1.5% 2%

12.39%  25.50% .

taurine 11% ,

Table 35. Body liver weight of rat fed taurine

Treatment Bady weight Liver weight
(g 7/ 4 weeks) (97100 B.W.7/ 4wneek)
control 114.48+ 26.49 2.55+ 0.42
1% Taurine 95.22+ 19.60 2.71+ 0.25
1.5% Taurine 128._66+ 20.87 2.71+ 0.25
2% Taurine 143.73+ 24.34 2.73+ 0.22

Values are given as means * SEM(N=7)



Taurine

HDL-CHCL,

1% Taurine

Taurine

19.6%

, HDL-CHOL, TG

Table 36 .

HDL-

89.2%

1.5%, 2% Taurine

, 2% taurine 25.6%
2%
2% Taurine
1% Taurine
3% 41%

Homogenate 2% Taurine

Table 36. Effect of taurine feeding on the cholesterol serum
lipid of rat
(mg/db)
serum Liver
Treatment Cholesterol  HDL-Cholesteral  Tryglyceride Cholesteral
cantrol 160.33+ 31.15 41.58+ 2.59 129.12+ 15.45 1.58+ 0.13
1% Taurine 135.69+ 19.01 33.80+ 2.84 140.62+ 23.83 1.36+ 0.25
..5% Taurine  128.83+ 19.18  45.29+ 9.30 85.04+ 26.03 1.62+ 0.14
2% Taurine 119.28+ 12.25 78.69+ 17.79 76.1€+ 15.03 1.27+ 0.08

Values are given as means =+

SEN(N=T7)



) GOT, GPT

GCT, GPT

Table 37 -
20% lard 4 GCT, CPT
1% Taurine
GOT/GPT 6.5 1.5% Taurine 8.3, 2%

taurine 7.2 .

Table 37. Effect of experimented diet on serum GOT, GPT activity

(Karmen unit/ nl)

Group GOT GPT

0 368.25 + 10.07 173.33 + 31.34
4 400.94 = 29.28 230.01 £+ 25.49
control 308.74 + 76.08 47.54 + 23.41
1% Taurine 292.47 £+ 20.05 5244 + 42.67
1.5% Taurine 308.12 £+ 52.11 3327+ 21.24
2% Taurine 344.30 + 38.20 47.72 + 18.52

Values are given as means = SEN(n=7)



. chitosan

contral BHT chitosan
Fig. 6 - chitosan
rethancl 0.5% , chitcsan caontral
- methanacl
. DPPH 30 C.D. cantral C.D.
, BHT(Butyrated hydroxytoluene)
chitosan , , EDA
chitaosan
0
60 _...--""J
I,.--""
-
a0 o
s
< P
E 40 4 /‘,
2 I
20 .
i
1|:| T ;.f_,g---""'c"' w "'M/A
g4 :Et——'———'rw-..___‘_ ___.__,_F-ﬂ
l—h_‘_hr_._.-"
A0 : : : : : TR !
0 20 40 B0 a0 100 120 140
o concentration(ug/mi)
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Table 38. Chemical characteristics of fermented fish sauces

)
Item . _
samplel) pH TN AN NH3 Salinity Moisture
A 5.73 1.99 1.25 0.39 24.2 66.2
B 5.07 1.80 0.98 0.36 247 67.3
C 5.55 1.46 0.99 0.22 28.1 67.5
D 5.00 1.12 0.76 0.17 31.0 68.4
E 5.52 1.33 0.91 0.22 27.6 67.5
F 5.07 0.39 0.21 0.04 27.4 72.9
G 5.63 Q.70 0.48 .10 29.0 69.0
H 5.16 1.37 0.84 0.12 28.7 67.0
1 5.55 1.76 1.11 0.24 24.9 67.4
J 5.58 1.79 1.00 0.25 241 66.5
K 7.27 1.99 1.33 0.85 23.6 66.0
L 5.70 1.94 1.34 0.41 23.4 66.7

1) A G:Commercial anchovy sauces, H J:Commercial sandlance sauces,

K:Commercial hig-eyed herring sauce, L:Anchovy sauce prepared in lab



S-S(Suspended Solid)
manual
catridge filter S-S
Fig 7 catridge filter 15
23.7% 20% 30
80 , 10% 130 , S% 180
% -
- pH
3 pH
8 - pH
pH
) 5.70 pH 2%
pH 5.07 2%
pH 5.58 2% 5.98
- TN

2%, S%, 10%, 15%, 20%

15%

200

10

Fig

6.66

5.44



Fig 9 -3
- TN
1.94% 2% 1.58% 1.38
N 1.7%% 2% TN 2.6%% 1.48
NaCl
- NaCl
- AN
1,340mg%
980mg%, 1,000mrg% 3
KS (600Mg% ) )
AN 1,340mg% 2%
1,600mg% 1.2 1.58 ,
1.58% (Fig 10).
(AN/TN)
- AN/TN
59.7 69.9%, 54.4 58.8%, 54.1 59.0%
AN/TN -
AN N



pH

- 0.41%,
0.6%, 0.25%
0.41% 20% 0.21%
2% 0.02% 95.1% (Fig
11). NH: charge
Nad
% 0.3% - NH3
pH pH
pH
pH
electric charge
-(Table 39) Aspartic acid 15.41mg/rrl 20%

17.41mg/ml 2% 26.01mg/ml



1.7 -

pl serine , cysteine
pH pl lysine

pH  pl

lysine, serine
electric charge
charge -
10%

5%, 2% -



NacCl (%)

0O 30 60 90 120 150 180 210
Time (min)

Fig.7. Changes in NaCl content during desalting of

anchovy sauce prepared in the laboratory.
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Fig-8. Changes in pH during desalting of fish sauce
m -m -anchovy sauce prepared in the laboratory
e —e -commercial anchovy sauce

A - A commercial sandlance sauce



Total nitrogen (%)
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-
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Fig.9. Changes in total nitrogen content during
desalting of fish sauce

m —m -anchovy sauce prepared in the laboratory
e —e -commercial anchovy sauce

A - A commercial sandlance sauce
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Table 39. Change of free amino acid by salt concentration

(mg/ml)

Treatments
Raw 20% 15% 10% 5% 2%
Amino acid
Aspartic acid 15.41 17.41 19.75 21.91 23.57 26.01
Glutaric acid 27.46 29.38 32.44 36.05 37.26 40.89

Serine 49.5 5.31 7.41 8.46 10.96 11.42
Glycine 89.4 9.39 9.62 10.44 11.66 12.77
Histidine 64.8 6.70 6.90 7.22 7.36 8.3
Arginine 15.6 1.66 1.76 2.12 2.65 3.06
Threonine 82.7 8.60 8.24 9.02 9.84 11.64
Alanine 10.19 10.37 9.89 11.05 12.19 14.62
Proline 6.16 6.40 7.07 7.63 8.03 9.66
Tyrosine 1.10 1.08 1.13 1.21 1.37 1.54
Valine 9.20 9.66 9.08 9.87 12.71 14.44
Methionine 4.53 4.60 491 5.78 6.93 7.13
Cysteine 1.02 1.28 1.42 1.65 1.98 2.26
Isoleucine 5.90 6.36 6.91 7.15 8.19 9.58
Leucine 8.59 8.96 9.47 10.64 12.14 13.65
Phenylalanine 6.79 €.82 7.13 7.49 8.11 8.41

Lysine 17.90 18.88 17.63 18.95 21.82 22.40
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AN, Brix

(Table 40).

80%



Table 40. Change in properties of raw materials by processing condition

/ eH Brix

() (W) (D) () B
1 6.99 0.69 1.88 704 74 45.8
3 6.98 1.18 215 80.5 9.3 370
6 6.96 1.24 244 80.9 10.1 70.2
1 8.28 0.66 214 79.3 9.8 99.3
3 6.96 1.11 234 86.7 11.9 97.6
6 7.23 1.29 224 82.0 12.2 40.0
1 6.54 0.92 2.06 75.7 6.2 74.9
3 6.83 1.04 224 824 85 79.8
6 6.77 1.12 1.87 88.8 75 65.5
1 6.71 Q.71 1.87 715 9.2 47.9
3 6.72 1.21 212 795 84 385
6 6.96 1.23 1.44 61.1 10.0 69.2
1 811 0.68 215 80.3 9.9 95.4
3 7.02 1.23 2.35 85.8 11.7 98.7
6 7.23 1.31 224 814 12.3 50.0
1 6.84 Q.15 0.86 322 1.7 234
3 7.52 Q.16 091 337 21 18.0
6 7.16 Q.16 091 337 33 68.6
1 7.24 Q.24 091 333 3.6 13.6
3 7.28 Q.26 1.02 378 41 10.9
6 6.83 0.34 1.18 437 44 16.6
1 6.80 Q.14 0.34 125 46 20.0
3 6.92 Q.17 042 154 51 57.9
6 6.93 021 0.62 228 57 66.6
1 6.79 Q.14 0.84 222 0.7 244
3 6.78 Q.16 0.90 314 1.2 20.0
6 6.96 0.16 0.90 32.6 21 68.6
1 7.21 Q.25 0.92 357 44 335
3 7.96 0.28 111 38.1 52 30.7
6 7.23 0.33 1.17 428 5.6 36.4
1 6.43 15 56.4
3 551 1.8 56.7
6 6.26 1.8 29.8
1 6.94 2.0 61.1
3 6.83 ) - - 22 434
6 6.34 21 84.9
1 6.51 2.0 61.5
3 6.48 2.2 78.0
6 6.67 2.2 101.0
30% 6.47 0.7 77.1
50% 6.21 0.9 61.4
80% 5.82 1.0 79.8
30% 6.62 0.8 71.2
50% 6.31 - - - 0.9 925
80% 6.08 1.1 56.4
30% 6.45 0.6 26.0
50% 6.45 0.8 58.0
80% 6.59 0.9 84.1

D
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Fig. 12. Influences of reaction temperatures on Nitrogen
Solubility Index of fish meat hydrolysates treated with

0.2% Flavourzyme for 4 hour

:Alaskapal lack, -Squid, :Croaker, :Cyster, zShrimp
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1, Ca, P, Fe

Table 42 20 121

121 180

(30Brix)

Table 42. Changes of Brix and viscosity in Laminaria accoding to

extraction time

Time(min)
0 60 90 120 180 240 300 360
Iters
Brix 2.1 25 2.7 3.1 34 3.1 3.0 2.8
Laminaria _ _
Viscosity

4.83 5.70 6.14 3.49 2.61 2.54 2.9 1.41
(Pas)x 1,000




E.cali

(Table 45).

Brix

-(Table 44).

30%

50%

50%, 6C%, 80%

20

50%

(Table 43)

50%

Table 43. Growth inhibition of different solvent fractions and

water extracts of sea staghorn against various microorganisms

Clear zone on plate(mm)

Strain Ethyl Ethyl Cistilled
Hexane Chlarafarm
acetate alcahol water
Bacillus subtilis - 6.2 6.5 9.0 -
Bacillus cereus 8.0 - 6.2 7.0 -
Pseudomonas aeruginosa - - - 9.0 -
Staphylococus aureus - - 6.2 10.0 -
Lactobacillus plantarum - 8.0 6.5 6.5 6.5
Lactabacillus brevis - - - 8.0 -
Leuconostoc mesentroides 6.5 6.5 6.5 9.0 -
E. cali - - - 10.0 -
Soluble sclid (rg/disc) 1.3 1.8 10 1 Q0.5




Table 44. Changes of solid content, @rix and anti-microbial
activity aganist E.coli iIn sea staghorn according to ethanol

concentrations at 50 for 1hr

Ethanol Solid i Antimicrobial activities
concentration(%) content(%) Brix against E.coli (mr)
30 0.78 3.4 6.2
50 0.78 3.4 10.0
60 0.63 2.9 8.0
80 0.70 3.1 8.0

Table 45. Changes of solid content and Brix in sea staghorn

according to extraction time at 50

Extraction time(hr) Salid cantent(%) Brix
1 0.60 2.8
3 0.62 2.9
5 0.68 3.3
7 0.68 3.3

10 0.66 3.1




( 25%<, C ) ) ( 25%<, C )

)] (Selemion electrolyzer Type DS-0)
5% 30 Brix
3.
46, 47 .
2
- 9

6,772 .3mg%
18,189 1mg% 3
aspartic acid, glutamic

acid, glycine, leucine, lysine, alanine

glutarate 15.7%

16.5% alanine 5.7%



glutanate

3.9%

Brix

alalnine
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1.8, 2.2, 2.2
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Table 49
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pH

a/b

a.8 , 0.8

Leuconcstoc

( , 1990)

pH 4.0

Lactabacillus



Table 49. Quality charateristics of fermented Kimchi with seafood

m a t e r ] a 1

Fermentation Materials* pH Acidity Reducing Color Total cell count

time (days) sugar(mg/m) ( E) (CFU/ml)
Control 6.05 0.22 32.28 62.9 2.9 x 106
5.01 0.26 29.76 63.0 2.1 x 106
5.88 0.26 30.53 62.0 5.3 x 106
5.86 0.24 32.37 62.1 4.4 x 106
5.87 0.27 36.03 62.7 1.1 x 106
0 5.94 0.29 32.52 61.3 3.2 x 106
5.97 0.33 35.34 57.2 1.9 x 106
6.28 0.23 32.46 61.8 4.2 x 106
5.78 0.27 33.86 61.5 3.1 x 106
5.88 0.24 30.43 62.7 2.1 x 106
5.95 0.24 30.24 63.5 2.4 x 106
5.95 0.23 30.43 61.2 1.7 x 106
Cantrol 4.70 0.44 24.15 61.3 3.6 x 108
4.16 Q.77 18.97 59.9 1.7 x 108
4.28 0.68 21.77 61.2 1.3 x 108
4.23 0.69 21.85 61.8 1.3 x 108
4.14 Q.79 19.94 61.0 1.4 x 108
3 4.19 0.86 16.01 60.3 1.7 x 108
4.27 0.86 18.40 56.7 2.5 « 108
4.20 Q.79 17.09 61.6 3.9
437  0.79 25.48 60.3 2.4 * 108
4.42 0.56 24.15 62.2 1.5 x 108
4.25 0.65 23.98 61.0 2.7 x 108
4.26 0.62 25.47 60.2 1.5 x 108
Contral 3.92 0.80 18.36 61.3 4.2 x 107
3.80 0.99 15.84 60.0 6.2 x 107
3.87 0.93 14._56 60.9 6.5 x 107
3.86 0.95 17.89 60.5 5.7 x 107
3.81 0.99 15.39 60.8 7.6 x 107
6 3.86 1.06 14.70 60.0 8.0 x 107
3.91 1.14 13.73 57.5 7.7 x 107
3.84 1.03 14.32 61.8 7.4 x 107
3.88 1.07 17.58 60.4 7.2 x 107
3.84 0.83 18.36 61.8 8.9 x 107
3.82 0.89 17.48 60.6 9.3 x 107
3.80 0.84 22.41 60.9 3.2 x 107
Control 3.63 1.13 14.01 62.2 12.8 x 107
3.65 1.11 13.04 60.9 9.9 x 107
3.71 1.16 12.99 62.2 6.1 x 107
3.71 1.25 14.61 62.8 10.8 x 107
3.68 1.19 14.25 62.2 12.7 x 107
9 3.70 1.30 10.39 61.8 10.1 x 107
3.71 1.39 11.04 57.7 14.7 x 107
3.69 1.24 11.08 62.6 14.5 x 107
3.76 1.32 14.17 62.2 7.3 x 107
3.72 1.05 14.01 63.1 3.1 % 107
3.66 1.12 14.17 61.8 8.8 x 107
3.62 1.08 14.26 62.2 8.9 x 107




- extract

60% extract
» Table 50
+ 0%, 1%, 2%, 3%, 6%, %
TN, AN
. 1%
+ %, 1%, 3%, 6%, 9%
extract pH
extract L
a M 6%
extract
AN
TN, AN
. + extract 1%

extract

extract

pH

TN, AN

TN,



Table 50. Effect of Laminaria and yeast extract on the quality fer-

mented fish sauce

TN AN pH
o L a b E
AD+ 400 2.31 1.14 6.23 3.28+0.76 2.29+ 1.25 4.00+ 0.58 3.50+ 0.76 27.2 24.9 19.0 79.2
A+ +1% 2.23 1.20 6.253.14+1.35 371 @.05 4.57+ 053 3.72+0.95 25.1 23.0 17.5 80.2
A+ +2% 2.20 1.30 6.24 1.40+ 1.41 3.28+ 0.95 3.86+ 1.21 3.43+0.79 20.9 20.4 13.0 82.6
A+ +3% 2.13 1.40 6.28 3.00+ 1.29 2.86+ 0.S0 3.86+ 0.90 3.14+ 1.21 28.4 12.0 14.2 73.9
A+ +6% 2.26 1.45 6.32 2.14+ 0.63 2.07+ 0.61 3.14+ 1.07 1.97+ 0.47 23.5 22.0 15.5 81.0
A+ +9% 2.72 1.49 6.32 2.21+ 0.39 2.07+ 0.84 3.00+ 1.15 2.07+ 0.61 22.5 25.0 13.6 82.6
B+ +0% 1.79 1.10 5.22 3.71+ 0.76 3.29+ 0.49 4.21+ 0.70 3.86+ 0.69 42_.7 15.3 27.9 65.5
B+ +1% 1.56 1.10 5.16 2.86+ 0.90 2.86 0.69 3.79+ 1.15 3.07+ 0.61 30.2 14.3 20.3 74.0
B+ +3% 1.59 1.13 5.11 2.43t+ 0.98 3.29+ 0.76 3.36+ 0.85 3.07+ 0.84 19.4 13.0 9.34 82.1
B+ +6% 1.64 1.21 5.10 2.50+ 0.50 2.86+ 0.69 3.21+ 0.57 2.57+ 0.61 12.1 15.4 -1.11 89.1
B+ +9% 1.70 1.23 5.07 3.07+ 0.84 3.42+ 0.79 3.07+ 0.84 3.36+ 0.48 1.48 39.2 -93.8 141
+glu’10ppm C.91 0.68 6.38 3.72t 0.75 3.20+ 0.47 4.11+ 0.69 3.76+ 0.69 76.4 -25.8 21.8 32
+glu 20ppm 1.66 0.95 5.93 2.12+ 0.63 2.23+ 0.61 3.1C+ 1.08 1.97+ 0.58 71.9 -1.59 26.5 38.6
autolysis 1.69 0.82 6.16 2.11 .51 2.007+ 0.64 3.14+ 1.06 1.97+ 0.47 64.8 -1.04 26.9 44.1
1.22 0.61 6.85 3.17+ 1.35 3 gg+ 0.g5 4-60+ 0.53 3.75+ 0.95 63.2 0.48 17.6 40.7
+ 1.42 0.73 7.55 3.24+1.35 3,71+ 0.5 4.5/ 0.53 3.82£ 0.95 24.5 2.80 14.8 76.9
A+
0.94 0.76 7.54 2.49+ 0.50 2.98+ 0.69 3.20+ 0.58 2.58+ 0.61 7.91 -2.98 -12.1 92.9
+glu 20ppm
AD: 5% , BZ: 25%
*:NSG, **: 20 121 , 60 aiaiaiets}
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Fig 19.Changes of nitrite content in kimchi prepared with a

various sea products during fermentation at 4, 10, 20
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Fig 20.Nitrite scavenging effect of kimchi prepared with

various sea products during fermentation at 4, 10, 20
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Fig 21.Change in peroxide value of lard emulsion containing

0.1% starter kimchi extracts during storage at 50
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Fig 22.Change in peroxide value of lard emulsion containing

0.1% starter kimchi extracts during storage at 50
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Table 51. ldentificaton of selected strains and their antimicro-

bial activty

Strain E.cali Bacillus subtilis . ;
uber ) @ Identified strain
1 1.0 2.0 Lactabacillus plantarum
34 1.0 2.5 Lactabacillus brevis
35 1.0 1.5 Lactabacillus plantarum
37 2.0 2.0 Lactabacillus plantarum
38 1.0 1.0 Leucanostoc mesertroides
40 1.5 1.5 Lactabacillus salicarius
62 1.0 1.0 Lactabacillus plantarum
84 1.0 1.0 Lactabacillus plantarum
101 1.0 2.0 Lactcbacillus plantarum
120 1.0 1.0 Lactcbacillus pentosus
127 1.0 1.5 Lactabacillus plantarum
132 Q0.5 3.0 Lactabacillus plantarum
149 1.0 3.0 Leucanostoc mesentroides
152 1.0 1.5 Lactcbacillus plantarum
160 1.0 1.5 Lactabacillus plantarum
181 1.5 1.0 Leucanostoc mesentroides
183 1.0 1.0 Lactabacillus plantarum
182 1.0 Q0.5 Lactabacillus plantarum

205 1.0 1.5 Lactabacillus brevis
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5
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Fig-23.Changes in pH of Kimchi prepared using antimicrobial

starter.
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Fig. 24. Changes in titrable acidity of Kimchi prepared using

antimicrobial starter.



Table 52 .

3 2
0-8%
6.0 #205 starter
6.54 , H132 6.38 -
100 #205 6.3%,
#132 8.9%

Table 52. Regression equations and calculated shelf life extension

ratios of experimentally prepared Kimchi with starters

; ; Shelf life
Treatment Regression equation R2 _ _
extension ratio(%)*
Control y=-0.0039xz+0.1273x+0.1902 0.98 100.0
# 132 addition y=-0.0039xz+0.1236x+0.1586 0.97 108.9
# 205 addition y=-0.0037x:+0.1213x+0.176 0.98 106.3

* Time required to reach 0.8% titrable acidity



1) starter

Leuconostoc mesenteraides

, CCz
. pH 4.0
Lactabacillus plantarum pH 3.0
Leucanostoc mesenteroides starter
pH oz
Lactobacillus. plantarum
Leuconostoc mesentraides
starter

2) Leuconostoc mesentroides
Shiogeo phenyl ethyl alcohol-sucrose(PES) agar medium

- 30 incubataor 2 calony W

calony .
Biclog syster -

Leuconostoc mesentroides .

3) Co2

Leuconcstoc mresentroides  Lactobacili MRS



duram tube

CCz

4)

Lactabacilli nRS pH

3.5

23
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resentroides starter

@n

1) pH

4 (#5, #9, #13 and #21) Leuconostac mesentroides — starter

pH Fig 25
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6.5
B
9.0 '—o—control
5 —|— #h
% —&— #9
4.9 —o—#13
4 ——#21
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3
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Fermentation time(day)

Fig. 25. Changes in pH of Kimchi prepared with starter



2)
starter
Fig-26
starter

- #13

Leuconostoc

1.4
1a2

0.8
0.6
0.4
0.2

Titrable acidity(%)

o 2 4 6 8 10 12
Fermentation time(day)

20
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—0— coantrol
—— #5
—k— #9
—o—#13
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Fig. 26. Changes in titrable acidity of Kimchi with starter



y=-0.0043x2+0.1338x+0.1805(Rz=0-.99) #5
y=-0.0043x2+0.1338x+0.1805(Rz=0-.98)

(Table 53).

Table 53. Regression equations and calculated shelf life extension

ratios of experimentally prepared Kimchi with starter

Treatment Regression equation R2 Sh?lf Iif?
extension ratio(%)*
Control y=-0.0043x2z+0.1338x+0.1805 0.99 100.0
#5 addition y=-0.0040x:+0.1284x+0.1729 0.98 106.1
#9 addition y=-0.0036x:+0.1218x+0.1695 0.99 112.6
#13 addition y=-0.0037x2+0.1254x+0 1683 0.98 108.7
#21 addition y=-0.0036x2+0.1193x+0.1857 0.98 110.2
* Time required to reach 0.8% titrable acidity
C.8%
5.66
#5 6.00 , #9 6.37 , #13
6.16 , #21 6.24
- 100% #9
112 6% #21
110.2% #13 108.7%, #5 106.1% -

Leuconostoc mesentroides starter

1C% -



. Bulk starter

microflara
starter
Lactibacillus, Leuccnostac 5 starter
homofermentataive
Leuconcstoc mesentroides — mutagenesis Cco2
starter
starter
retabolism starter 104
micraoflara
1 2 starter
starter

1) Bulk starter



+
4 incubator »
Vixer

starter - 1%

2) Bulk starter
Bulk starter
2.3% -
starter B pH 4.3, 0.72%
. Starter C pH 4.0 10.3%%

1.2% ) pH

Table 54. Characteristics of Bulk starter

bulk

pH 4.8, 0.34%

1.8%

Starter pH Titrable acidity(%) Reducing sugar (%)
A 4.8 0.34 2.3
B 4.3 0.72 1.8
C 4.0 10.35 1.2

A: bulk starter

B: bulk starter

C: bulk starter



3) Bulk starter

Table 55

Table 55. Cell count in the selective media

Starter> Lactic acid count Lactabacillus spp.

Leucanostac spp-

A 3.2x108 5.2x106 3.7x107
B 1.2x109 8.2x107 6.5x108
C 1.3x109 1.2x108 2.6x106
* Starter:referred to Table 54
A starter 3.2x10¢
Lactobacillus 5.2x10¢ , Leucanactoc 3.7x10i
- B starter 1.2x10¢ A starter
- Lactaobacillus 8.2x10i
Leuconostoc 6.5x10¢ A starter
- total microflora
starter 1.3x10¢ Lactobacillus
1.2x10¢ B starter
Leuconastoc 2.6x10¢

Lactabacillus

Leucanostoc

4) Bulk starter



) pH
Bulk starter

Fig 27

starter B

pH

starter

6.5

8.8

pH

4.5

3.5

20 pH
starter
pH
pH
starter
1%
pH
pH
—e— Control
—— A
—a&— B
— [:
0 2 4 6 8 10 12

Fermentation time(day)

g- 27. Changes in pH of Kimchi prepared with bulk starter.
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Bulk starter 20
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B 04 el
— 0.2
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Fig. 28. Changes in titable acidity of Kimchi prepared with

bulk starter



Table 56 .

y=-0.0065x:+0.1657x+0.1517(R:=0.98) A
starter y=-0.0065x2+0.1630%+0.1979(Rz=0.97)
0.8 483 , A
450 , B 3.93 D 4.36
) 100% A 93.0%, B
81.4% ¢ 90.2 ) B
- starter
20%

Table 57. Regression equations and calculated shelf life extension

ratios of experimentally prepared Kimchi with starter

Shelf life extension

Treatment Regression equation i}
ratic(%)*
Control y=-0.0065x2+0.1657x+0.1517 0.98 100.0
A y=-0.0065x2+0.1630x+0.1979 0.97 106.1
B y=-0.0075x2+0.1712x+0.2424 0.96 112.6
C y=-0.0055x2+0.1454x+0.2698 0.96 110.2

* Time required to reach 0.8% titrable acidity



Fig. 29
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Fig. 29. Changes in reducing sugar content of Kimchi prepared with

bulk starter



) Bulk starter

Bulk starter 3

58 -

Table

Table 58. Sensory properties of fermented Kimchi with bulk starter

Tretment?)

Contral 2.3T 2 2.4a 2.3a 4.2a 4.2a 4.2a
A 2.5a 3.0b 2.8b 4.2a 4.3a 4.3a
B 3.1b 3.7c 3.6c 4.1a 4.1eb 4.1a
C 3.1b 3.5¢c 3.3c 4.0b 3.9b 4.0a
D5
2) 5%
3) referred to Table 54
bulk starter
, B starter
. bulk

starter



starter

bulk starter

@

)

Bulk starter

4.6%

(W)

3.4%

sucragse

-50

bulk starter

lactose

Leuconostoc

20%



Table 59

Table 59. Survival ratios of freeze dried bulk starter

Plate count(cfu/mL)

Survival ratio(%)

Contral 8.3x106 0.7
Sucrose 5.6x107 4.6
Lactose 7.8x107 6.5
0. 7%
sucrose 4.6%, lactcse
6.5%
bulk starter sucrose
bulk starter
lactose

-25 -50

lactose

5%



-70 deep freeer - =50
7.8x101 6.5% -25

4 _3x10¢ 0.36% - bulk starter

2)
)
bulk starter
1% pH
starter
) paste

bulk starter paste

(Fig.30).

4 . Paste

1 0.2%



0.5

0.4

| —@— Starter

Titrable acidity(%)
o
[}
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Storage time(day)

Fig.30. Change in titrable acidity of paste-type Kimchi seasoning

with starter
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B FUAEY Zu8E 95 glutanate THE IR0 T 722 A7
T7t ARE e, o]F Z2 glutamate ¥aFo] 1,953.8mgxE FAII-EIE
3 718 &7) e Y 20 2215 29 Frgol FAUSE Foly
= R¥E F7IStolch. FuldAsdy Azke £ 613 gon H¥Y 739
Azl AERT: S gel=1:2:1, 1:2:2, AGRZ: QA FR=1:200
1:2:2, MEARZ:Z:Fe: 27]=1:2:1:1, AFRZ:F: 2R 0: 27)=1:1:2:1, A
HARAL: Z: 201 27]=1:2:1:1 Foli, taurine UL HIEY TREE9
B7lol &8t AejH ez yAute] 44, cholestrold] AHELE, WY F
BAE, B 2E, ¥EFY AL, dHE5E % 4F 23 FEY 2E 5
Tt e de e EAE dEA ook 53 £4HEFolE taurine T
o] &ot ol F ol&3lo] MUtz Atk FPHEY ANFYELRM HUEE
taurine &3} VHF JNIZEE /|ELR FPUS o AHERZL: A Z
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X 61. FR|ZRu]R A2H glutamate?d]
(mg%)
Al B glutamate A k=3 glutamate
A3 Z(1:1) 5,236.2 Ag:Hel: 27](1:2:2) 2,645.6
AR Z(1:2) 6,031.4 AG:oA:27(1:1:1) 1,969.3
AR Z(1:3) 6,429.1 Ag:2F:27|(1:2:1) 1,673.9
AR Z(1:4) 6,667.6 HG:9A0:=7)(1:1:2) 2,044.4
AR Fef(1:1) 2,884.7 AG:2A:27(1:2:2) 1,793.1
AEgARz: Hef(1:2) 2,896.1 AF:Z: el 2o (1:1:1:1) 3,544.8
AERZ: el (1:3) 2,901.9 Ag:Z:Fel: 2 of(1:2:1:1) 4,360.2
A A7 Hel(1:4) 2,905.3 Ag:Z:He]: 280 (1:1:2:1) 3,419.6
AERA: =27)(1:1) 2,560.1 AG:Z:He:2FoJ(1:1:1:2) 2,993.4
AR 27)(1:2) 2,463.3 g 3,915.3
AR 27)(1:3) 2,414.9 F A : g s
AR 27)(1:4) 2,385.9 A (1715223 3,716.0°
A Z:el(1:1:1) 4,463.8 AA: g tﬂeﬂ 27](1 1:1: 3,586.2
Ak e (14250 2533 AQ:g:eqel:Z7|(1:1:1:1) 3,382.5
A Z:Hel(1:1:2) 4,077.6 QIR ZI(1:2: 11 1) sl 4230041
R 4865 A Z ool ZA(1:1:2:1) 2,863.5
A F: 20 (1:1:1) 3,753.4 A 223011 &7[(1:1:1:2) 3,159.9
g F:eAo(1:2:1) 4,720.5 Ag:ge): &0 Z7)(1:1:1:1) 2,206.7
g2 23g0)(1:1:2) 3,012.0 AG:Hel: A0 27](1:2:1:1) 2,349.2
A F2FPoi(1:2:2) 3,933.9 AG:Hel: ool 27| (1:1:2:1) 1,922.9
CAE:F2I1(1:101) 2474 N@:Hel: e e 2Y](1:1:1:2) 2,219.3
LA B 091000 AMed:@imel: e ol ZA(1:1:1:1:1)  2,219.3
A G 27(1:1:2) 753.0  A@:Z gl 20 27 (1:2:1:1:1)  2,335.9
AR 45kl Ad@ige gl 2 (L1z1) 1,908
A Hel: oA (1:1:1) 2,185.7 A&:Z:Fe: e Ao =71(1:1:1:2:1) 2,227.7
Q. Hef: 230} (1:2:1) 2,369.0 AHG:Z:Hef: 2o =R7)(1:2:2:2:2) 2,249.2
A G:Hef: 2 Ao (1:1:2) 1,836.2 AG:Z:Hel: 2ol R27(1:3:1:1:1) 2,419.2
A E:FHe]: A6 (1:2:2) 2,052.8 AHG:Z:wWel:eF]:RI)(1:1:3:1:1) 1,810.3
g g 27 (1:1:1) 2,679.7 Ag:Zdei Aot 2I)(1:1:1:3:1) 2,233.7
g dHe]: 27)(1:2:1) 2,739.5 AgQ:ZF:gel: 2ol 27](1:3:3:3:2) 2,109.9
A Be): 27 (1:1:2) 2,577.2 Ag:Z:Hel: 20 &271(1:3:3:3:3) 2,122.2
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X 62. AX=xnjg 249 Taurine ¥}t

Al &g <3 H-& taurine(mg%)
AERZ: e Hoy: F 1:1:1 4,797.9
S R-E EARCRA L P 1:2:1 4,287.4
HERL: 2oy 2:1:1 3,848.4
ARG Aoy F 1:2:2 5,557.5
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2 Fo| AAPARAET gein gleu $ALARA ole} e B
Bo] &4 @ A0 ARFo] £ AWS ANSAUTL B3l o 5 RIo} o
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BThD BaF] AN AV A7HE SR P WYY B

¥ 63. ZAARuoE £7¢ Ax}RAS

A= 3 v EDA(%)
AGgRZ | 72.47
27 1 61,57
P E-% ] 9452

1:1 58. 85

NEARZ: 87} 149 78.51
2:1 51,44

1:1 92.49

A F Rz A]S s 2 98. 59
2:1 87.79

1:1:1 61.66

%, 1:2:1 95.62

A AR Aj": 7} 1:1:2 49 45
2:1:1 84,35

¥ BATISEHE

Y2 ZoE £AAUS YFUPAD $4T RoE Ushd Agwx
AR, AH(E27I5ENE) © P 5 o83t AXNZnRE AYstglc),
WA AGEAYR(5%) S EChE A (HATIERE) el (505 ol
£22E)S v]eUE SUT F m(vYIE FH(ZY )Y O o] 23
& th ZEEXEoT EN(EYI)siy ARHE FET A= E 649}

=1
=
Zon Fig 312 olF EHEY straing Ueld Zelth nAE FH A=
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o AE Al i FEH  clear zone?] Z7|o|A paper diske] 7|

< AL F Umx] 7719 1728 spedch,

ol A¥olME BZY bl ¥24F ¥FYol FUlEglen Ndng

A1 BZEL2 1, QAT AS AR 12 B AQR AL 2004 e

9 Bl EY granm S FHCHE gran P TN S BHPL Boch
AA ol Exfele Z4F ndEY F42 IRt ska W f)AF By, o

DE W T2 AAY FA ANE 2} oY x| Ay w

AFEHALS Ax]Fe B Flabacteri um, Pseudomonas< S-2] ZF7|4d Mzt

e
wol

Penicillium & &F%o|R, Pichia membranefaciens®} Z& Awtzm m [,
plantarum -a—-—l Aihto]l Bejste Aoz oeA gt duty e olyst
=9 A& JAste] A BEY Fo) EE ¥ AL 9E) AMRE
£ YPREAL sorbic acid E= benzoic acid o] 9oL} o]5 3}atEx o
GG Foll T 98 522 AgTo] A gt uleld A Ze] REA
SUE AT Hd FIA ] iyt @ao] 7181 gl AAE AgHz 9
A -FFA s 2ol HF Aol AEE, |74 24, oY 4F
CHstAl deiA glth olF AFBAEo] Y Aoz U Moky AHE,
VE, BR @ A& HEAN 28 52 2AAE 8t AN B d3g
U HEEAEE nogyt Ao A o)

AR HE ¥Ed EXL EHE 433 ¥t gley 2 Muragani
ol B szFe YIEEH ANYAYIME NEF2 f7180) 22BN
3 ¥gel BEa FHolen Z(1994)E Expe] mghe &5 9 R Heg
FEEoA Bsubtilis tiFt &2 ¥F AIE HAsla EFSME g
B subtilis ti3} ¥FEI7} ¢IS& RIasigict

rr

fr

o* ot

-

4>

-178—
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Table 64. Anti-microbial activity of selected strain on the E. Coli

and B. subtilis

(Unit : mm)
80% EtOH extract CC1, extract
Al B =3 8l B subtilis E Coli B.subtilis  E. Coli
KCoM 11316  KOCM 11835  KCCM 11316 KOCM 11835
1:1 - = 2.5 >
A7 32 1:2 1.5 - 3.5 0.5
2:1 0.5 - 1.0 -
1:1 1.0 - 2.5 <
A @A 7k A 1:2 0.5 - 1.5 1.0
2:1 1.0 - 2.0 -
1% 1%1 1.5 - 2.0 1.0
AARZE: AL 1:2:1 2.5 0.5 . -
37} 1:1:2 1.5 = 1.5 0.7
2:1:1 0.5 - 2.5 1.0

Fig 31. Antimicrobial activity of various sauce against

bicillus subtilis

(L. Control, 2. AGRZEP2ZH:1, 3 NG AHL=111, NGRL A% 2

FRANHUBUE

—179-
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o

2. AXA=E 71573 FA7IEAE o1 8% 2olm AA3 % FAFEFA

71'%s H4EE U3 E 1632 X208 FhLAM iyt NFHEE 4
HB7] $15te] pH ¢F A dUE L HFFstdch

P AAzuRe JIEYE ARL A ANPes 7 xnjg 3
£AE 4%, paste®(30°Brix) W ARF(FTEIR)Y 3 type2 B3l £
o] ti=2A 71F3A T F A4 715/3(ACE Als, 3 W aksy)S
AL, pH G2 12 3 typed] ZulE FULAE Ao F7IUST
AX5d Fol 5ol Aoz LEEEXE HUF) A% dudyeE &
Zu2 F3h2A¢] phE AX S Eslet FARHA 23 o AFAT WYX
T ¥ Js8e ULt

7. 443878

1) ACE A3] @ eyzeiaz

A YL YA (10 °Brix), PasteB (30 Brix) N AXRF(SFHAAR)L
2 71EAE Be ul ztzte) ACE AEIE SHslo] Ytk

Ztzte] ACE A3|E}= F7181AL fAIFE F8E Rk ol ACE A
AL we SUE Fol WYASIHE Rt YXSED wetd £ Aol
A A3t FH= ACE AMEATE 4% HA] 2ol F34A= AULITE

Al @AjElo] &% 2 EAle 9& RO ALEFH gTHTable 65).
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Table 65. ACE inhibitory activity of Kimchi seasoning materials

(dry base)®
T Z A X
A] =z v & ACE sef ACE
_ AHEAx) ° A2 7H(%)
o A 81.2
A G AR Z 1:2 75.4 Paste 84.0
Lo s 81.0
o A 78.0
AFYA FHe] - 1:2 70.2 Paste 72.3
=% 78.6
o A} 77.2
A F AR : 7] 1:2 76.8 Paste 78.2
< W 80. 2
o A 83.6
A E AR Z: el 1:1:2 76.6  Paste 80. 2
= ¥ 85.3
o A 74.7
AR Z: @ Ao 1:2:1 71.7  Paste 78.4
= % 80.2
Qf At 71,3
G YA Z: 27 1:2:1 70.6 Paste 72.6
= 74.4
o A 77.5
G YA Hef: 7] 1:1:2 70.6 Paste 80.2
= ¢ 80.9
o AF 80.7
AR ZHe]: 27 1:1:1:2 74.3 Paste 83.2
= 84.2
o A 8L.7
AGYA: Z: @A o] X7 1:1:1:2 76.4 Paste 77.2
L'y 87.0
o At 76.1
AFAR:ZF:HEe]: 2 0] =) 1:1:2:1:1 74.4 Paste 80.7
' = ¥ 76.4
o A 76.6
A QAR Z:Hel: Ao &) 1:2:2:1:1 77.8 Paste 83.3
= 4 85.3

* AN YRE FAVE F 5 ng/lnl2 ANY F 37
o A QAR AR 5%
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2) ¥ 1 gunyg

T W AN FAZ0E YEE AFYH 459 S EZoE £33
Aol oIyt B8 APl 3 FFo it YFPL T Alm B ottt 23
W2 7 4Be U S=E LR EEY 30mgl 2 2Pl FFslden o
ZA=H= Table 663} Lt}

AAF L2 d& A UL 8 ARAFA%ol &3 ARFFo| iy &
RBE B2 22 vEelulth webd g $FYe] dagde Be
22 33 9 B ZulEAEs AT 33L A A AL 523
Zhyo]l AYYL Ao g Algxgct

1

Table 66. Anti-oxidative and anti-microbial activity of Kimchi seasoning

&)

materials
¥ (om)
Al B el EDA(%) Bacillius Pseudomanas
E. coli .
subtilis aeurginosa
g A 72.5 6.6 = -
A Q 5
lﬁﬁ?;ﬁf_ Paste 44.7 ND ND** ND
R T4 736 6.4 8.0 6.4
oy At 45,1 8 8 -
M E s A P—‘] b 51.4 8 8 -
M7} 1:1:2 . ’
= g 54.5 8 8 -
g A 49.3 8 8 N,
oo : =
T_]; A3 Paste 53.7 7 - -
' 2 o 55.6 8 8 -
o Af 55.1 7 - -
Al Paste 57.8 7 7 -
T ¥ 59.4 8 8 -
% Solid content : 30mg/disc
*¥ ND ! Not Detected
—-182—
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rz

L}, pH 3878

A2 7 Hed AEE 43 3¢ b citrate buffer® pH 3,
4, 5 W phosphate buffer® pH 628 ZAF TS 4TCol|A 20A]7HE W] 3}
F- ACE A 3|& e} U W yarslg g 25}

1) G4 % ACE A3}

pH o] WHE ACE ABlLIHs AMFYOL pirl Wold4S ACE Heha
A7} Frkste FWe RACh ol: WA Gyl whek ACE M EIAT A
d 4+ U YO Ushin UAZ SUQRE A7RE 1AL ACEA )
L7 AALEF o7t Bagol whet FoAskE o2 Ushith by ACE
A EE 2 PAZAE &30 pH BFHE S S HoE VeE )
(X 67).

pi o] wE HapFoise] HE AR Azt & 683 grh. AN

22 phet FAQO] AARFA sl fAHE Aoz Ueldon 53 4
ZH A 87T 94 % pasted2 2 JMEEEH AERET g2 AxFASS U
Ehdgich. ol #AA] Zulg F704AY HAFeol iyt @ebgagde] o}
THdA g SRS FAAZ wpgel APsiths e} KAt weby
olE ZANZME URE 7P PAE Az AA £439 g Q
PP Sodol WHE oH W] MTIE Q@R WA YE RoT AlEEY
t}l
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67.

pH

ACE

o]
T

ACE

81.

75.
74.
72.
71.

78.

7.
75.
74.
71.

80.

78.
78.
73.
69.

85.

80.
79.
75.
74.

80.

79.
7.
75.
75.

74.

76.
75.
72.
70.

80.

80.
77.
73.
73.

84.

84.
81.
80.
79.

87.

83.
78.
82.
81.

:2:1:1

76.

74.
71.
75.
74.

:2:1:1

85.

OUTAWOUIRAW OUTAW OUAW| OUTAW OUOAW|OUTAW | OUOAW|IOUIAW | OUOTAW OUIAW

80.
82.
79.
78.

ODOWN PPN ONRFPR WRON| WNNOHNFPOR|INOWN | RPOUIRINOORM ORANN RPO®ER




68. pH

e
I

EDAC%)

75.8
76.6
80.2
80.5

86.2
87.0
85.2
86.5

: : =1:2:1 Paste

75.5
81.5
83.5
84.8

70.4
71.6
78.1
80.5

80.2
82.4
87.8
84.3

: : =1:1:2 Paste

81.3
83.3
84.2
87.5

76.6
77.3
80.0
85.5

87.7
87.5
84.7
83.0

: =1:2 Paste

80.5
83.6
85.4
89.1

40.3
41.2
43.0
49.4

51.5
51.5
58.3
56.2

Paste

63.9
68.7
71.5
68.3

OUh_W OUAWOUIAWOUIAW OUTAWOUIAWOUIAW OUTAWOUTAWOUITAW OUIAW OUIAW




1kg

10

Table 70

Table 70

69).

2%



69.

@
1 control* 1000 15 18 31 4 29 - 292837 3.129
2 control+ 000 18 18 31 4 29 - 3.43.03.1 3.33.1
3 control+ 1000 15 38 31 4 29 - 3.7353.1 3.7 35
4 control+ 1000 15 18 40 4 29 - 292822 33 2.7
5 contraol+ 1000 15 18 31 4 29 14.2 2626 29 3.4 2.6
6 control+ 1000 18 38 31 4 29 - 2.83.13.8 3.12.9
+
7 control+ 1000 18 38 40 4 29 - 2.626 2.9 3.0 2.4
+ +
8 control+ 1000 18 38 40 4 29 14.22.82.8 3.1 3.0 2.8
+ +
+
9 control+ 1000 18 38 40 4 29 14.2 3.1 3.0 2.8 3.1 3.0
+ +
+
* control: (referred to Table 3)

Table 70. Experimental formula of ingredients for manufacturing of

functional Kimchi seasoning

Unit : g)

Items Chinese cabbage Garlic Red pepper Green Cinger Water Sticky rice

(brined) powder  onion gel
A 1,000 15 38 31 4 2.9 -
B 1,000 18 38 31 4 2.9 14.2




pH

paste

. Paste
(Table 70, A type) C 5%
¢ s s ) paste
71
71 . Paste
*

)+ 1.7
( )+ 1.4
( )+ + + 3.9
+ + + 1.8
172+ 1/2+ + 2.6
1/2+ 1/2+ + 3.0
2/3+ 1/3+ + 3.9
2/3+ 1/3+ + 3.8




Paste 1kg 100g
F .
Paste pH
1kg 100g
72 .
72.
* C ) ¢ ) ¢ )
Lactic acid Acetic acid Citric acid
2.8 2.1 3.6
2.7 2.6 2.9
3.4 3.1 3.6
3.0 2.6 3.6
*5
pH
pH 4 1kg

73 -



73. pH
2% 1.5% 1.0% 0.5% 1%
2.5%
0.2% 0.4% 0.6% 0.8%
* 2.8 2.6 3.0 2.4 3.2 2.8
*5
Paste 100g Vitamin C 0.5% Citric acid 0.8%
50mesh (Table 70. A type)
Fluid Bel Processor(UNIGLATT,
2 4)
- 20
121 4 autoclaving &0+
awn - 60

74



74. (Brix,
(min)
0 30 60 90 120
(Brix 9.4 9.6 9.8 9.8 9.5
L 4.66 1.48 1.48 1.48 1.48
a 1.68 -1.44 -1.44 -1.44 -1.44
b -18.4 -76.8 -76.8 -86.6 -76.8
E g7.1 125 125 131 125
1.6 3.5 4.0 4.2 3.5
(Brix 90

60

60 90 -



75

paste

75.
H ( ) H (

2.0 2.0 3.0 3.3

pH 4.11 4.66 4.43 4.38

9.5 4.5 6.8 12.05

30.4 29.3 40.4 46.0

3.2 3.2 1.9 2.0

* 2.7 2.8 1.9 2.1
3.4 2.0 1.3 2.3

3.2 3.1 1.8 1.9




saorbitol 15

- 76
paste
@, 11 )
- 77 -
, , sorbitaol
sorhbitol

78 -



76.

) 1 2 3 4 5 6 7 8 9 10 11
20 22 20 27 24 29 28 24 25 23 25
22 22 22 29 19 31 26 25 24 23 209
24 24 17 29 40 3.1 3.0 3.1 34 34 3.7
23 23 2.7 29 28 28 3.1 25 2.7 2.7 209
26 21 1.7 29 21 26 26 19 24 16 3.3
24 20 19 27 24 29 26 20 22 2.1 33
22 20 14 27 3.2 3.2 28 29 3.0 3.1 31
23 20 1.0 28 21 28 23 21 21 15 3.2
28 31 28 3.0 1.9 25 23 28 3.2 3.1 338
3.1 2.7 29 30 23 22 26 29 33 3.0 35
28 25 23 29 3.2 3.0 29 35 24 35 3.2
26 28 28 29 19 22 21 28 28 23 29
D , 25

1 Controal ( + + + + )

2 Control + ( + + + + ,0Brix 30)

3 Control + ( + + , OBrix 30)

4 Paste Control ( + + + + )

5 Paste Control + ( + + + + ,0Brix 30)

6 Paste Control + ( + + , 0Brix 30)

7 Paste Control + ( + + + + ,0Brix 30)+0.5%

8 Paste Control + ( + + + + ,0Brix 30)+1.0%

9 Paste Control + ( + o+ + + ,0Brix 30)+1.0%

10 Paste Control + ( + + + + ,0Brix 30)+1.0%

11 Paste Control + ( + + + + ,0Brix 30)+0.05%




7. i)

5 2) Sorbitol ) %)
2.7 3.6 2.8 2.9 1.9 2.4
3.2 3.3 3.1 3.3 3.1 3.1
3.4 3.7 3.8 3.4 3.6 3.7
2.9 3.8 3.0 3.1 2.1 2.6
3.7 4.2 4.2 4.2 1.2 1.5
3.2 3.3 3.1 3.3 3.1 3.1
3.4 3.7 3.8 3.4 3.6 3.7
2.9 3.8 3.0 3.1 2.1 2.6
iy} ¢ ™),
sorbitol 0.2%
2)
D
)

5) 5



78.

D 0.5% 1.0% 1.5% 2%
34 3.6 3.8 3.0 2.5
3.3 3.4 3.4 3.3 3.0
3.7 3.6 3.7 3.6 3.5
3.6 3.8 3.9 3.0 2.3
3.7 4.0 4.0 3.1 2.3
34 3.5 3.5 3.3 3.4
3.7 3.6 3.8 3.7 3.6
3.7 3.9 3.9 2.9 2.1
1% 1% 1% 1%
1% + + + +
1% 2% 3% A%
3.8 4.0 4.0 3.6 3.5
3.5 3.6 3.6 3.5 3.4
3.7 3.7 3.8 3.7 3.6
3.8 3.9 4.0 3.7 3.2
3.9 4.0 4.1 3.5 3.4
3.5 3.6 3.6 3.5 3.5
3.6 3.8 3.9 3.6 3.7
3.9 4.1 4.1 3.6 3.3
1) 1kg
1%
. sarbital
1%
sorbital 2%
- Paste 1%

sorbitol 2% - 79 paste



79. 1Kg

( 29)
Paste
ACE ACE
6.0 6.0 38.0 38.0
65.4 65.4 - -
D 15.0 15.0 6.0 6.0
C ) 3.2 3.2 3.2 3.2
) 4.0 4.0 0.8 0.8
+ o+ + 10.0 - 7.0 -
+ )
+ + ) - 10.0 - 7.0
0.5 0.5 0.5 0.5
Xanthan gum 2.0 2.0 - -
Vitamin C 0.5 0.5 - -
Citric acid 0.8 0.8 - -
Sugart) 10.0 10.0 - -
Sorhital 20.0 20.0 - -
Salt 7.0 7.0 - -
Total 1444 1444 55.5 55.5
1), 2), 3), 4) Paste , Agglameration
5)
6) 500g  100ml +1% +5% , Brix 30



paste ,

, , ( 80 81).

paste 3.4 3.7%, 31.2 38.1%

1.6 6.3%, 8.1% 13.8%

citric acid, succinic acid, lactic acid

paste citric acid
succinic acid lactic acid paste
hypoxanthin -
paste P , Ca Mg
paste 4,314 7,646 mg% ,
30,209 38,104 nmgh glutamic

acid, aspartic acid, arginine .
paste 4,122 5,669 mg%t , 27,737 27,895
g% glutamic

acid methionine

80. Paste



Paste

A * B ** A B
66.79 64.3 7.17 7.00
7.42 4.37 38.12 31.16
0.64 0.52 3.38 1.5

0

2.14 2.19 6.24 7.98
1.65 6.35 8.15 13.78
Citric 116.0 109.0 59.0 91.0
Succinic 44.0 48.0 257.0 433.0
(mg%) Lactic 13.0 4.0 69.0 136.0
Acetic 2.0 - - 16.0
Hx 4.81 1.43 1.04 1.05
IMP - - - -
(mg¥) R B B B B
Ca 24.25 27.00 69.35 172.75
Fe 4.25 4.00 3.25 3.75
P 117.25 107.75 3.35 240.50
(mg) Mg 62.25 62.25 129.00 298.00
Cu 0.15 0.23 0.43 0.425
Zn 1.00 0.75 4.00 1.75

* A = ACE

**B



81. Paste

Paste
A > B * A B

Asp 375 377 1,694 1,589
Ser 179 306 1,258 1,248
clu 1,364 674 3,197 3,508
cly 161 0 1,035 884
His 68 43 440 521
Thr 616 204 2,792 2,827
arg 149 137 1,991 1,723
a 437 287 2,187 2,046
oo 365 187 967 743
7 34 248 269

(g’ Cys 359 255 2,612 2,559
Tyr 78 41 744 939
val 23 27 751 826
Vet 1,188 1,250 3,279 3,279
Lys 106 69 1,205 1,183
leu 148 106 2,510 2,579
Leu 38 27 635 642
Phe 0 0 339 364
Total 5,669 4,122 27,895 27,737
Asp 1,252 750 3,973 3.371
Ser 316 204 1,737 1,162
Glu 1,452 834 6,125 5,374
cly 398 220 2,513 1,860
His 130 84 752 523
Thr 202 172 1,612 1,303
Arg 664 448 3,358 2,294
Ma 462 230 2,233 2,134
Pro 378 200 1,853 1,520
(g os - - - 83
Tyr 162 86 1,439 584
val 422 172 2,066 1,834
Vet 130 2 1,131 831
Lys 558 290 2,848 2,086
lleu 276 152 1,746 1,460
Leu 442 270 3,000 2,277
Fhe 312 180 1,716 1,360
Total 7,646 4,314 38,104 30,329

* sample :referred to Table 80



D

1Kg paste 144 4qg,
55.5¢g 10
ACE
(Table 82).
pH (A-1, A-2
) paste -1, P-2 )
paste pH 4.5
- pH
pH 4.2 4.6 . 0.5
C.75% 6 12
paste 9 15
pH paste
- pH paste
paste
- pH

paste



paste

, alcohaol

pH



Table 82 . Changes in pH, acidity, color, reducing sugar and lactic

forming bacteria during fermentation of Kimchi at 10

with various

seasoning
cine (daysy Treamenty P Acidity (PO S
Control 5.78 0.31 68.9 24.7 110x 104
P-Control 4.74 0.39 66.9 27.7 16 x 104
P-1 4.87 0.35 63.6 25.0 17 x 104
1 P-2 4.84 0.35 66.9 10.5 33x 104
A-Control  5.93 0.25 66.2 11.8 80x 104
A-1 5.84 0.31 68.3 11.2 45x%x 104
A-2 5.83 0.28 67.9 24.9 41 x 104
Control 3.87 0.87 66.3 15.3 66 x 107
P-Control  4.15 .74 65.7 31.5 120 x 107
P-1 4.08 .84 66.2 8.7 130 x 107
9 P-2 4.11 0.71 66.3 7.9 140 x 107
A-Contral  3.90 0.85 65.5 8.6 72 %x 107
A-1 3.93 0.90 €64.0 9.7 72 x 107
A-2 3.92 0.85 €6.0 19.6 81 x 107
Cantrol 3.81 1.03 66.2 15.2 32x 107
P-Control 4.04 0.86 65.3 20.7 58 x 107
P-1 3.98 1.01 64.3 8.0 66 x 107
15 P-2 4.01 0.87 65.4 7.5 47 x 107
A-Contral  3.90 0.97 66.4 8.9 40 x 107
A-1 3.88 1.07 64.7 8.9 94 x 107
A-2 3.84 0.99 65.8 18.3 34 x 107
1) Control: + 0+ +
P-Control: + + + (paste )
A-Control: + + ¢ )}
P-1:P-Control+ + 4+ + + (paste )
p-2:P-Control+ + + (paste )
A-1:A-Control+ + 4+ + + (¢ )
A-2:A-Control+ + + ( )

2) Lactic acid forming bacteria



paste hypoxanthin

(Table 83).
succnic acid, lactic acid, acetic
acid lactic acid
(Table 84).
glutamamic
acid, Aspartic acid, alanine
paste .
, , P-1 A-1 ,
P-2 A-2
. paste
(Table 85).
ACE 30 65%
10 20%
- ACE
ACE , 93.9 100%
ACE 89.9 97.1%

(Table 86).



(Table 87),

(Table 88).

Table 83. Change in nucleotides and it"s related compound during
fermentation of Kimchi with Kimchi seasonings

(mg’%)
Fermentation
_ Samples™ Hx IMP HxR AMP ACP ATP
tine (days)
1 Control 14.860 - - 0.9 - -
P-1 15.347 - - - - -
P-2 12.506 - - - - -
A-1 14.5¢4 - - - - -
A-2 12.50 - - - - -
9 Cantrol 3.423 - - - - -
P-1 0.493 - - - - _
P-2 180 - 2.0713 - - -
A-1 3.846 - 2.233 - - -
A-2 2.957 - 2416 - - -
15 Control 7.376 - - - - -
P-1 2.483 - - - - _
P-2 4.969 - - - - _
A-1 0.656 - - - - -
A-2 2.437 455 - - - -

* samples :referred to Table 82



Table 84. Changes in organic acid contents during fermentation with
Kimchi seasoning
(mg/100mL)

Fermentation o ) ) oL ) ) )
_ Samples Oxalic Citric Malic Nalonic Succinic Lactic Fumaric Acetic
time (days)

Contral 25.0 10.4 26.8 5.6 69.5 0.6 0.0 0.0
P-1 24.3 22.2 18.4 3.3 44.5 0.7 2.3 0.0

1 P-2 0.0 25.1 20.0 3.1 46.5 0.6 2.7 0.0
A-1 0.0 13.0 36.5 4.6 82.4 0.8 0.0 0.0
A-2 0.0 12.1 425 3.9 66.1 1.5 0.0 0.0
Contrcl 0.0 0.0 0.0 C.0 7.0 121.2 0.0 9.8
P-1 0.0 (0.0 o0.0 C.0 16.2 102.1 0.0 18.0
9 P-2 249 0.0 0.0 C.0 19.8 82.9 0.0 14.8
A-1 0.0 (0.0 0.9 C.0 12.1 122.9 0.0 9.6
A-2 0.0 (0.0 0.9 C.0 8.3 122.3 0.0 4.2
Contrcl 0.0 0.0 0.6 C.0 6.7 145.6 0.0 11.1
P-1 0.0 (0.0 o0.0 C.0 12.4 120.4 0.0 21.5
15 P-2 256 0.0 0.0 531 9.1 101.9 0.0 20.5
A-1 0.0 (0.0 0.0 C.0 7.5 151.2 0.0 10.7

A-2 259 0.0 0.0 C.0 6.9 146.3 0.0 4.5

* samples :referred to Table 82



Table 85. Amino acids in the Kimchi fermented with Kimchi seasonings

for 9 days at 10

Kimchi treatment*

Amino acid  control P-1 p-2 A-1 A-2
Asp 67.71 132.86 111.33 83.50 96.33
Ser 35.29 53.14 53.33 40.00 43.33
Glu 172.43 318.71 277.00 207.75 250.50
Gly 29.29 57.86 54.67 41.00 49.67
His 18.57 22.71 28.33 21.25 19.00
Thr 26.43 46.14 45.67 34.25 40.33
Arg 17.00 39.43 91.00 68.25 32.83
Total g 55.29 100.71 89.00 66.75 94.17
amino Pro 21.43 40.00 42.67 32.00 41.83
acids  Cys 6.71 0.00 0.00 0.00 0.00
Tyr 5.57 15.14 10.67 8.00 8.33
val 27.43 54.86 49.67 37.25 48.50
Met 7.57 5.86 1.33 1.00 0.67
Lys 43.00 72.14 65.00 48.75 55..50
leu 23.57 38.86 36.67 27.50 36.17
Leu 26.71 60.57 56.33 42.25 55.50
Phe 31.57 38.14 53.67 40.25 38.00
Total 615.57 1,098.00 1,066.33 799.75 910.67
Asp 50.78 106.29 89.06 66.80 77.06
Ser 26.47 42.51 42.66 32.00 34.66
Glu 129.32 254.97 221.60 166.20 200.40
Gly 21.36 46.29 43.74 32.80 39.74
His 14.85 18.17 22.66 17.00 15.20
Thr 21.14 36.91 36.54 27.40 32.26
Arg 12.75 31.54 72.80 54.60 26.26
Free  Ala 41.47 80.57 71.20 53.40 75.34
amino Pro 16.07 32.00 34.14 25.60 33.46
acids Cys 5.03 0 0 0 0
Tyr 4.17 12.11 8.54 6.40 6.66
val 21.94 43.89 39.74 29.80 38.80
Met 6.22 4.7 1.06 0.80 0.54
Lys 34.45 57.7 52.00 39.90 44.40
leu 18.85 31.10 29.34 22.00 28.94
Leu 21.39 48.46 45.06 33.80 44.40
Phe 25.25 30.51 42.94 32.20 30.40
Total 441.25 877.72 653.08 639.80 728.52

* Kimchi treatment:referred to Table 82



Table 86. Change in ACE inhibitory activity of Kimchi during
fermentation at 10 with Kimchi seasoning
€0
Frementation
Control™ P-1 pP-2 A-1 A-2
tire (days)
1 15.6 45.4 50.4 84.1 80.9
9 90.9 100 100 93.9 96.6
15 9.1 97.1 90.1 89.3 83.9

* sample :referred to Table 82

Table 87. Change in anti-oxidative activity(EDA) of Kimchi during

fermentation at 10 with Kimchi seasoning

O

Frementation

Treaments* EDA
tire (days)

1 Cantral 23.8
P-1 29.1
P-2 33.5
A-1 32.1
A-2 25.4
9 Cantral 42.9
P-1 50.4
P-2 52.0
A-1 37.0
A-2 40.9
15 Cantral 46.4
P-1 54.0
P-2 53.4
A-1 45.9
A-2 45.1

* Treaments:referred to Table 82



Table 88. Change 1in anti-microbial activity of Kimchi during
fermentation at 10 with Kimchi seasoning

Frementation
Treatments™ E.coli B.cereus B.subtillis L.plantarum L.brevis
time (days)

1 Cantrol + + + + -
P-1 + + + + -
pP-2 + + + + -
A-1 + + + + -
A-2 + + + + -

9 Cantrol + ++ + - -
P-1 + + ++ - -
P-2 + + + ++ -
A-1 ++ + + + -
A-2 + + - -

15 Cantrol + + + -
P-1 ++ ++ +
P-2 + + ++ ++
A-1 + + + + -
A-2 + + + + -

* Treaments:referred to Table 82



2)

paste .
cantrol paste-1  (ACE D)
paste-2 ( )]
GC chramatogram  Fig 32 , GC-NS

39 49 (Fig 33 89).
control paste
8 10 -

ethanol,
ethyl ester, methyl ester, 2-butanal, hexanal disulfide
paste

1-butancl, 2-buten-1-cl,1-pentan

-al, 2-penten-1-cl control -
paste
aldehyde hexanal ketone
acid furan paste
cantrol alcahol 4 (14.9%), ester 2

G, acid 4 (B.3%), aldehyde 3 , alkane 3 (3.1%), alkene 10

A2.9%), benzene 1 , ketone 1 , sulfide 5 (60.3%),
6 39 - alcohol
ethanol, 1-propancl, 2-propen-1-cl, 1-penten-3-ol, ester ethyl ester,

nmethyl ester, aldehyde 2-butaenal, hexanal, cis-3-hexenal



, paste-1
P-1) alcohal 8 (7.9%), ester 2 (2.8%), acid 3 (3.C%),
aldehyde 4 , alkane 2 (2.1%), alkene 10 (10.7%), ketane 1 , sulfide
8 (67.9%) 10 49
. contral alcahol 1-butancl, 2-buten-1-cl,
1-pentancl, 2-penten-1-acl, 5-hepten-2-al, 3-octancl
, ester control ethyl ester, nmethyl ester aldehyde
2-butaenal, hexanal 2-pentenal cis-3-hexenal -
paste-2 alcahol 5
(14.5%), ester 3 G, acid 4 (6.7), aldehyde 6 , alkane 1
3.6%), alkene 10 , ketone 1 , sulfide 7 (48.8%),
10 47 - alcohol ethanol,
1-butancl, 2-buten-1-cl, 1-pentancl, 2-penten-1-ol, 5-isothiazolemethanol
, ester ethyl ester, methyl ester, 2-methylpropyl ester, aldehyde
2-butaenal, hexanal,2-hexanal, 2-heptenal, 2-pentenal, 2-octenal
, ketane Acid acetic acid, formic acid, thiccyanic acid, butancic
acid, l-propanone, l-penten-3-1, 2-butanone -
(paste-1 , paste-2 )

paste-1 ACE

paste-2



Table 89. Flavor compounds in the Kimchi fermented for 9 days at

10 with functional Kimchi seasonings (paste )

campound contral P-1 P-2

Alcchol  ethanol 10.6 4.7 12.1
1-praopacl 2.5 1.7 -
2-prapen-1-al 0.4 - 0.2
1-penten-3-cl 1.4 - -

1-buten-ol - Q0.2 -
2-penten-1-al - 0.4 1.0

1-butanal - 0.5 0.3
2-buten-1-cl - 0.2 -

3-actanal - 0.1 -
5-hepten-2-al - 0.1 -
5-isathiazalerethancl - - 0.9

Ester ethyl ester 2.8 1.3 3.8
methyl ester 2.5 1.5 1.8

Acid acetic acid 2.4 1.3 3.0
thiocyanic acid 2.5 1.5 1.8

farmic acid - - 0.4

butancic acid Q0.2 Q0.2 15
2-butencic acid Q0.2 - -

Alkane methyl thiirane 1.7 - -
butane 0.8 Q.7 -
1,2-dithiacyclopentane 0.6 - -

ethane - 1.4 -
3-epithiopropane - - 3.6

Alkene 1-propene 9.5 6.0 4.9
1,5-hexadiene 0.9 1.7 2.1

campene 0.4 0.3 0.5

1-butene Q0.2 0.4 0.6
beta-mycene 0.1 0.1 0.2
alpha-thujene - - 0.2
1,4-hexadiene - - 0.2
1-phellandrene 0.2 0.1 -
beta-phellandrene 0.5 0.3 0.5

1-pentene - 1.8 -
trans-1-nitro-1-propene 1.1 - -

Sulfide dimethyl disulfide 21.3 12.3 11.0
compound methyl 2-propenyl disulfide 24.8 16.4 19.0
methyl propyl disulfide 1.3 0.8 0.7

dimethyl trisulfide 3.1 27.5 2.5

trans propenyl methyl disulfide - 1.0 0.9
di-2-propenyl disulfide 9.8 9.7 12.9
di-2-propeyl trisulfide 0.2 1.8

* sample :referred to Tahle 82
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Fig. 32. GC chromatogram of flavor compounds in Kimchi fermented
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Fig. 33. Mass spectra of scan nusber 1054
(A) Mass spectrum of flavor compound in Kimchi fermented for 9 days at 10'C

(B) Mass spectrum of dimethyl-disulfide from hbrary search
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Fig. 34. Mass spectra of scan number 2584
(A) Mass spectrum of flavor compound in Kimchi fermented for 9 days at 10T

(B) Mass spectrum of methyl 2-propenyl sulfide from library search
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90 99

30 , 40

10

50

. paste

2

20

PH,



) pH

4.50

30

4.21 4.20

paste

pH

5.76 6.20, 40

5.67 6.11

paste

. paste

pH 4.3

pH
4.24 4.25
pH
30
pH

pH

paste
4.32 4.33 ,
40
(90 91
c
6.07 6.28
5.73  6.13 50



90. paste pH
1 2 4 6 8
20 P-1 4.50 4.40 4.40 4.37 4.33 4.33
P-2 4.50 4.40 4.40 4.36 4.35 4.32
30 P-1 4.50 4.39 4.31 4.29 4.26 4.24
P-2 4.50 4.39 4.33 4.30 4.27 4.25
40 P-1 4.50 4.38 4.30 4.26 4.23 4.21
P-2 4.50 4.38 4.32 4.27 4.25 4.20
91. pH
1 2 4 6 10
30 A-1 6.07 5.83 5.78 5.76 5.72 5.71
A-2 6.28 6.28 6.23 6.23 6.20 6.18
40 A-1 6.07 5.82 5.78 5.77 5.73 5.73
A-2 6.28 6.26 6.19 6.18 6.13 6.13
50 A-1 6.07 5.75 5.62 5.69 5.67 5.63
A-2 6.28 6.26 6.14 6.12 6.11 6.10




paste
paste 40 0.22, 50 C.44
- pH 0.20
(92 939
92. paste
1 2 4 6 8
20 P-1 0.15 0.15 0.18 0.19 0.19 0.19
P-2 0.15 0.15 0.18 0.18 0.19 0.19
30 P-1 0.15 0.15 0.19 0.22 0.22 0.20
P-2 C.15 0.16 0.19 0.22 0.26 0.22
40 P-1 0.15 0.16 0.22 0.23 0.24 0.22
P-2 C.15 0.16 0.22 0.23 0.24 0.20
93.
1 2 4 6 10
30 A-1 0.35 0.35 0.36 0.37 0-39 0-39
A-2 0.32 0.32 0.32 0.33 0.35 0.35
40 A-1 0.35 0.35 0.37 0.38 0.41 0-39
A-2 0.32 0.30 0.38 0.35 0.38 0.35
50 A-1 0.35 0.39 0.42 0.40 0.44 0.40
A-2 0.32 0.31 0.39 0.38 0.41 0.40




QB paste
20 30 40 4
-( 94 95
20 30
94 . paste (LUE)
1 2 4 6 8

20 P-1 65.4 65.4 65.4 64.0 65.2 65.0

pP-2 711 70.5 71.2 70.8 71.0 70.7
30 P-1 65.4 64.4 65.6 64.6 67.3 67.0

pP-2 711 70.5 71.9 70.9 74.1 73.6
40 P-1 65.4 64.4 65.9 67.9 68.0 67.3

pP-2 711 70.5 72.6 74.0 74.6 73.8
95. (LE)

1 2 4 § 10

30 A-1 40.1 427 41.8 41.1 354 35.8

A-2 60.6 61.3 60.7 59.4 58.4 58.4
40 A-1 40.1 42.2 4.7 41.0 59.2 59.0

A-2 60.6 61.1 58.8 59.3 59.4 59.2
50 A-1 40.1 43.8 43.5 42.8 41.4 4.7

A-2 60.6 63.1 61.0 61.1 58.4 58.9




6 97)
96. paste
1 2 4 6 8
20 P-1 100x 103 169x 103 70x 103 145x 103 121x 103 105x 103
P-2  211x 103 108x 103 82x 103 178x 103 136x 103 126x 103
30 P-1 100x 103 178x 103  79x 103 130x 103 89x 103 91x 103
P-2  211x 103 106x 103 66x 103 145x 103 93x 103 52x 103
40 P-1  100x 103 156x 103 178x 103 73x 103 59x 103 29x 103
P-2 211x 103 116x 103 80x 103 56x 103 46x 103 33x 103
97.
1 2 4 6 8
30 A-1 41x 103 45x 103 54x 103 83x 103 54x 103 61x 103
A-2 39x 103 149x 103 88x 103 57x 103 34x 103 72x 103
40 A-1 41x 103 58x 103 18x 103 77x 103 34x 103 26x 103
A-2 39x 103 237x 103 93x 103 58x 103 39x 103 34x 103
50 A-1 41x 103 44x 103 57x 103 34x 103 20x 103 21x 103
A-2 39x 103 272x 103 25x 103 32x 103 32x 103 35x 103




paste

112

, paste

paste

.( 98 99

Q10

paste 10

20

()=TC )xQ1wox7C / )]

, 20

C ), QO
( 20 )

T

10

224 , 20

350

/T-10



98. paste

1 2 4 6 8
20 P-1 5.0 4.76 4.04 4.05 3.45 3.06
P-2 5.0 4.81 4.02 4.01 3.52 3.02
30 P-1 5.0 4.13 3.48 2.09 1.24 1.05
P-2 5.0 4.09 3.03 1.54 1.17 1.08
40 P-1 5.0 4.12 3.20 1.34 1.10 1.10
P-2 5.0 4.20 3.25 1.27 1.22 1.12
*5
99.
1 2 4 6 10
30 A-1 5.0 4.73 4.73 3.35 3.21 3.05
A-2 5.0 4.70 4.71 3.29 3.10 3.08
40 A-1 5.0 4.57 4.43 3.30 3.21 3.10
A-2 5.0 4.40 4.37 3.54 3.32 3.04
50 A-1 5.0 4.03 3.32 2.55 2.20 1.63
A-2 5.0 4.12 3.14 2.35 2.16 1.45




100 101

paste

9,135 /kg

18kg

508

14.5%

1kg

5.5%

4,393 4,614 /kg,

paste

paste

1kg 7kg
Kg
627 659 ,

paste



ACE



100. paste

)

(1kg
) ) ACE
) |C 79
@ (D) @ (@D)
60Cg 7,000 11.6 42 487 42 487
375g 2,000 5.3 453 2,400 452 2,400
3.75kg 13,0000 3.4 104 353 103 353
1kg 950 0.95 22 21 22 21
2kgl 3,500 1.75 28 49 27 49
1kg 2,000 2 10 20 18.2 36.4
1kg 5,000 5 20 100 - -
1kg 1,000 1 20 20 - -
1kg 2,000 2 10 20 - -
1kg 3,000 3 10 30 - -
1kg 5,000 5 18.2 91
1kg 5.000 5 36.6 183
1kg 30,000 30 3 0 3 90
| Xanthan
1kg 15,000 15 13 195 13 195
gum
Vitamin
c 1kg 38,000 38 3 114 3 114
Citric
B} 1kg 11,000 11 6 66 6 66
acid
Sugar lkg 1,350 1.35 69 93 69 93
Sorhitol 1kg 3,000 3 138 414 138 414
Salt 30kg 13,000 (.43 49 21 49 21
Total 1,000 4,493 1,000 4,614
*1),*2):



101.

(1kg )
1) ) ACE
) |(C /79
@ (@) @ (D)
600g 7,000 11.6 580 6,728 580 6,728
3.75kg 13,000 3.4 o2 313 103 350
kg 950 0.95 49 47 22 20
2kg 3,500 1.75 12 21 27 47
1kg 3,000 3 10 30 17.5 53
kg 5,000 5 20 100 - -
1kg 1,000 1 20 20 - -
1kg 2,000 2 10 20 - -
1kg 3,000 3 10 30 - -
kg 5,000 5 17.5 88
1kg 5,000 5 35 175
lkg 30,000 30 7.6 380 7.6 228
1kg 10.000 10 144 1,440 144 1,440
kg 1,000 1 1.5 2 1.5 2
30kg | 13,000 | 0.43 7.6 4 7.6 4
Total 1,000 9,135 1,000 9,135
*1),*2): C
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