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SUMMARY

In Korea, a variety of salted fermented foods have been developed historically for
ripening and storing in onggi earthenware pots, which are believed to play an
essential role in producing the desired microbial flora and characteristic flavors.
Evaluation of the physical properties as functions of their manufacturing variables
would aid understanding of the true mechanism of the function of the Korean onggi,
and help in the selection of materials for packaging different types of foods.
Therefore, in this study, properties of onggi were evaluated in aspect of quality
preservation of Korean fermented foods. Overall research consisted of development of
ethnic Korean onggi containers for Korean fermented foods, elucidation of
interrelationship between their physical properties and fermentation process and
establishment of optimum ripening methods of Korean fermented foods.

In the study for developing ethnic Korean onggi containers, a variety of onggi
were manufactured using different clay formulations and glazing treatments. The
porosity, water absorption, crystallinity, infrared ray radiation were measured and
analysed as function of processing variables. Among three types of soils, onggi soil,
red brown soil and powdered soil, red brown soil contained the largest amounts
(5.72%) in the components of CaO, MgO, KsO and NaO which act as melting aid
even though there was not observed significant difference in the chemical
composition. Therefore, this clay is expected to help sintering of onggi. Glaze had
much higher content of CaO, MgO, K-O and Na.O than the soils, and thus is suitable
for use in onggi manufacturing. Lower inclusion of onggi soil and higher inclusion
of powdered soil showed higher porosity and lower water absorption. Scanning
electron microscopic measurement on the cross section of the onggi showed very
dense structure of glazing on the surface and porous structure inside the container
wall. The glaze thickness was about 100 gm. X-ray diffraction analysis showed
mainly quartz crystal similar to that of usual earthenware. On the glaze surface,

there was high amount of glassy material. The onggi showed higher infrared ray
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radiation rate compared to plastics of polypropylene and polyester, glass and stainless
steel. There was no difference in infrared ray radiation between the glazed surface
and non-glazed one.

In the part for interrelationship between their physical properties and fermentation
process, permeability properties of onggi containers against moisture, oxygen, and
carbon dioxide, were measured at 20C and examined from the aspect of food
preservation. Their thermal properties were also measured and compared with other
packaging materials. Sorption of moisture, CO2 and ethylene gas was also examined.
The onggi walls were observed to consist of micropores that offered very high
moisture transmission and gas permeation rates when compared with other food
packaging materials. The earthenware walls were unique in having COO:
permeability ratios in the range of 0.60-1.00. The moisture and gas permeabilities
were lower, with the lower porosity and surface glazing in the wall structure.
Thermal barrier of the earthenware was generally similar to that of glass. The
thermal conductivity and diffusivity decreased with porosity increase. The onggi
material could sorb or adsorb a limited amount of moisture, CO2 and ethylene gases
(0.0005 g/g, 17 ug/g, 2.6 ug/g, respectively). The onggi jar packages of grape fruits
were shown to be able to attain a wide range of Oz and CO: concentrations. Onggi
containers present a good opportunity to obtain optimum packaging conditions for
respiring or ripening products, dependent on the commodity type. The moisture and
gas permeabilities of onggi jar used for soy sauce ripening decreased with time
probably due to clogging of micropores by solid materials. The microbial cells and/or
enzymes immobilized in the micropores seemed to contribute to accelerating the
hydrolytic reactions of starch and protein. However, the immobilization of the
microbial cells, enzymes and/or other solid materials should be carefully controlled for
producing quality fermented products and avoiding food safety concerns when the
onggil containers are to be reused for storing or containing the foods.

In the part for establishing optimum ripening methods of Korean fermented foods

by using onggi containers, kochujang (Korean red pepper paste) and soy sauce were



first ripened at 30C for 4 months in different types of vessels including glass,
polypropylene(PP), polyethylene terephthalate(PET), stainless steel and glazed onggi.
During the ripening stage, quality changes were monitored in physical, chemical and
microbiological attributes. Compared to the other containers, onggi with high porosity
in the microstructure provided kochujang and soy sauce with higher microbial counts
of aerobic bacteria, lactic acid bacteria and yeasts, resulting in higher protease
activity, higher amino type nitrogen, and higher free amino acid content. The
kochujang and soy sauce in onggi also attained higher acidity, lower pH, higher
reducing sugar concentration and higher nucleotides than those in the other
containers. All these changes were completed in 2 or 3 months. In spite of its high
porosity, onggi showed water loss and salt content increase of the kochujang
comparable to those in the other vessels, which was thought to result from gradual
clogging of the micropores salt and diffusion outward through the container wall
during the storage period. However there was a higher moisture loss from soy sauce
in onggi than those in other containers. The onggi of high gas permeability resulted
in higher browning in the fermented foods. Most of the physical, chemical and
microbiological changes made the kochujang and soy sauce in onggi attained the
sensory quality significantly better than those ripened in the other vessels.

Among the different onggi containers, that without glazing treatment and with high
porosity gave higher moisture loss and higher salt content to the kochujang and soy
sauce with higher microbial proliferation. Other quality attribute changes were not
simply correlated with porosity or glazing treatments. Generally the glazed onggi
made from 100% onggi soil was found to be best for ripening of kochujang and soy
sauce.

In the commercial scale experiment using 20 L containers at ambient conditions,
the onggi jars showed slow temperature change in response to outside temperature
fluctuation. The onggi jars used once and reused for the ripening of kochujang,
doenjang and soy sauce resulted in the best quality compared with other types of

containers including new onggi jar, stainless steel and plastic vessels, which may



have come from immobilized enzymes and microorganisms, and accumulated salt
inside the porous structure.

Conclusively the Korean ethnic earthenware, onggi had microporous structure and
was found to help the ripening of Korean fermented foods such as kochujang,
doenjang and soy sauce. Onggi with proper porosity and permeability needs to be
used for optimally ripened quality and would be different with the fermented food
type. Fine tuning of onggi containers suitable for each type food would be the next

step of further research.
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Table 2-19] o2 &7, F&, FHAEY &S Deste] S71E AT & &

’ ’

E4F 9HE $719 B 54 9V 2 AR S04 waaEe wx 54 3

ufs

o 249 &71=2 AREsHAH

Table 2-1. The mixing ratio of raw materials and treatment of glaze for
the preparation of onggi

Mixing ratio(%)

Initial . Red brown Powdered Treatment of glaze
Onggi soil . .
soil soil
BO-WG 100 - - Without glaze surfaces
BO-OG 100 - - Only outside glaze surfaces
BO-BG 100 - - Both glaze surfaces
B20-WG 60 20 20 Without glaze surfaces
B20-0G 60 20 20 Only outside glaze surfaces
B20-BG 60 20 20 Both glaze surfaces
B30-WG 40 30 30 Without glaze surfaces
B30-0G 40 30 30 Only outside glaze surfaces
B30-BG 40 30 30 Both glaze surfaces
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Table 2-2. The chemistry analysis of raw materials and treatment of glaze

for the preparation of onggi (wt%)
Raw Chemistry analysis
materials 9102 ALOs; CaO  MgO K:O  NaO  Fes0s Iglnolglson

Onggi soil 64.1 19.1 1.36 0.93 1.63 0.95 5.04 6.01

fred brown eog 214 206 094 15 117 4% 64
P Ofg;red 681 158 051 073 189 092 55 56

Glaze 52.6 14.4 8.43 2.72 3.65 1.55 431 11.3

A FAAAE 2§79 9891 &

N

15, &, BHE T 959 A= =
&3t CaO, MgO, KoO, NayO9] 47F4] A9 o] 7Md B8 98+ 572 wth® FE
7 g Aol & olFoH Zlom ottt Ty YRk A7 7] E(4.87
wt%), FE(G72 wt%), EANEMA05 wt)E AA goma Ao o] I FrxelA

A Aok AL @ AcE melth mebd JEuchs 98 9w/ 240 0%
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FEFE v EH Aom FJoEr) o]of H|ste] fFoke FAY Aol ¥R FHT €573
©}(16.35 wt%) Fo A HHEI Aoz FAuFE Y

B20-BG H#F2 FT7& 48%E UHEH oY, EHE 30%E EF st

HU _EL

23 B30-BG HTE F5E 6.12%=2 71% =4 veRT o] Az

Faol uhet $719) Fge] ehdtks A& & & gdom, ole@ Ade XA
Aol g vATE SwHAFEL ek

Table 2-3. Absorption rate of the prepared onggi

Treatment Absorption rate(%)
BO-BG 3.61
B20-BG 4.85
B30-BG 6.12

24 g7 Al vAGRE B4% A3= Fig 2-1, 2-2, 2-3

AAAAA S ol &

tlo
e

o] 4 HolFa 9t} Fig. 2-1& A8 BO-BGol| W3t m A F-x0]1L, Fig. 2-2¥ A&+
B20-BGell W3k m A G-Zo]l™  Fig. 2-32 A&7 B30-BGol gk v Al-Zolt}. A4

oR fobe EEF EW (E U B nAFEE Heln glou AR YRE =
%



(a)

(b)

Fig. 2-1. The minuteness structure of firing onggi surface(BO-BG) glazing treatment

contained 0% powdered soil : (a) Surface(150X), (b) Inside(1000X).
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(b)

Fig. 2-2. The minuteness structure of firing onggi surface(B20-BG) glazing treatment
contained 20% powdered soil : (a) Surface(150X), (b) Inside(1000X).
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(b)

Fig. 2-3. The minuteness structure of firing onggi surface(B30-BG) glazing treatment
contained 30% powdered soil : (a) Surface(150X), (b) Inside(1000X).
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Fig. 2-4. The X-diffraction analysis of firing onggi surface(BO-BG) contained 0%

powdered soil : (a) Without glaze surfaces, (b) glaze surfaces.
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Fig. 2-5. The X-diffraction analysis of firing onggi surface(B20-BG) contained 20%

powdered soil : (a) Without glaze surfaces, (b) glaze surfaces.
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Fig. 2-6. The X-diffraction analysis of firing onggi surface(B30-BG) contained 30%

powdered soil : (a) Without glaze surfaces, (b) glaze surfaces.
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Table 2-4. The measurement of far infrared ray radiation rate and
radiation energy

Treatment Radiation rate Radiation enezrgy

(5~20 pm) (W/m”)
BO-WG 0.918 3.70X10"
BO-BG 0.923 3.72X10°
B20-WG 0.913 3.68X10°
B20-BG 0.921 3.71X10"
B30-WG 0.916 3.69X10°
B30-BG 0.918 3.70X10°
Glass 0.896 3.61X10°
Plastic(PP) 0.901 3.63X10°
Tupper(PET) 0.911 3.67X10°
Stainless steel 0.702 2.83X10°

pH 70| grolof & Aoy olejat AEL WA Fe] FHel AFvivte] 54 wa
e gebdoh wEbd BEAE] 54& AeAl dolol @ Aol B AFelMt
&719 BAE FAste AdA Fo FHE Qs foe B AEE 2
NEgl Aol g Fol 8715 ARsrh. 1 F9 FHek ok diFd 4R AL

i, &7 FE, €719 vAlTE, X-A AR, UARE T A UAE A5

o A T AAHA FAE A&t CaO, MgO, KoO, Nax09] o] SEZF =4 v

Bout i, 1K, RAE Aoli aX gonz JFEd 2 AolE FA £
A

Aoz wrdn, way 71Fe9 2ol FH Jmo g Aolrt Be 9FL v
Aow AztAY, A3 oA PAEe] FFo] w sFee] g Aols Ak w3
Foke HAFokoR AN FAZ ZEEE CaO, MgO, KoO, NaO7b Zxth wo] 3t
fFEo] 244 V1Tgel B dFe v Aow etk F480 sloiNE B
o] E=a ol wE sF&o]l 2 Ao EA Uyt 9494 PALS Fobg
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23 W AgE §71E MEd APeE AF 7] vl T fope B
3=

ESt v QS Eol EAAA &89 HFo] 35 BauméEs @2 ExolA Afdth A
AAA Azs Fe FAS AAda P2 @AY AN AlE Baw dUch AxE
719 WMee JFd e 4 mmol At

T3 FAPE x 4 x 072 cm”) 87 ARE T4 FAHE ot Azl FA
FIR5H 9EE AT o] HiY ARE =R 3 oH o d ExS =43

Table 3-1. Clays used for manufacturing the earthenware used in this study.

Clay Particle diameter, Specific surface area Source
weight averaged (m) (m”/g)
a 53.7 275 £ 21 Seonghwan and
Muan, Korea
b 71.1 260 £ 19 Yangsan and
Sanchung,
Korea

Table 3-2. Microstructural properties of the earthenware samples.

Pottery type Clay mix ratio Pore diameter Porosity (%) Density
(a'b) (nm) (kg/m’)
A 100:0 3829 + 21 146 + 0.2 2,213 = 17
B 60:40 1,152 + 11 196 + 0.1 2,172 + 33
C 40:60 892 + 46 219 £ 0.1 2,122 = 37
2. 87|29 oM HEESty sS4

719 U vAlF 27 Tl mA= T8 89Y Ao® ddy o] Al Ae Hfof
=X 27 "isiA 71Fe Z7|eF FF=(porosity)E 2  porosimeter(AutoPore
IV9510, Micromeritics, Norcross, GA, USA)o| ¢]5te] =43} th(Ishizaki 5, 1998). &
2 3 AEC telA St HugS YEtlAT HHe] wAT s Als WY o
ol iaiA H =¥ F FAREA@EW A (Philips XL30-FEG, FEI Co., Hillsboro, OR,
USA)ell olste] &3ttt
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&7] e FEFAeE S48y flste] 375 mLe] SR A 5 mm 779
=

a Azbel mE TS AT #57] FH=

s
oF

& L,

(3-1)

71 Wi Azt thel A FHEe T3FH(g), At 27 ¥wel TWH(m?), put 27

Wiel #3571 (Pa) (20TolA EgeI7Ites 7HEHE), ppowrs 71972 F571%

LEHE B8 FRY T FASE ez 7M. ols AA Ao s
g 2HdY A §7)0 FUIF AR Fujsle] R £AS =43 4
7 gelEol At i £ 71V dW/dis A3 dolEe A4 Ao mRY A

AAG (RY) 099 o]l =710z dojhArt 7+ Ay Fd 3R] =4S 319}

4, 7J|H R £F

87 AR NATREE 2041TAA FHSA F4 5 mme| obad Be Ao
oR HAANA ARH $7)9 UPE FE DY ABAATE Fokel CO, AT F
YsHEA VAT CO, A AT AFHIEG AHG3te] F719) wjE 71N
Ak 714 ABE 718 20T Byl S ASHEA 1 mLel Herso] 2z /A
g 49z 2 AR AATE Fdel AW g, AAAZTE 1o E(Model 3800,

)

Varian Inc., Palo Alto, CA, USA)d] 2]3le] O, 2 CO, TEE SAHSIYY. Aoz
Alltech CTR I(Alltech Associates Inc., Deerfield, IL, USA)S Ab&3l9aL, A&7 2+
AAEE AE7E ALY ZHY 25¢ 40T F97 =58 10C, #E7] 25+
CTE AoHAtt AFS carrier gas®E 30 mL/min® F %o E Z& ot

0: B CO; sxe] WHsRFE &7 MU 7|53 LE otgo] Ayt W ¢

st AAS AT 100% CO; 7NAZE XgE 27)7F 7)o =94, i 7|4 (0, &&
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iy PisAs(piow_piiw)+ Py Ay(Diu— Diin)
& L.V L.V

_(pz‘out_pz‘z’n) Pz'sAs PiDAb
2 T

(3-2)

o] 7|4 P, 7] #We] i 7]Ale] e T}E ASF(mL mm m° h' atm’), P

A PRRe | Ao Ui FHRE AS(mL mm m> h! atm), A, ¢ A= 7H7)
Aels MBRe 7] ¥ Fwe WA (mdeli, L& L= 72t A E UERe 87

=y

¥ gwe FAmm), VE 8719 WEHmL), pn A el A i 1A S 2

Ir

2

(atm), piows 1 71419 9% S (atm)olth. WA (3-2)% &7 i 71H 9] EHFA
g BANCZRE FAE A5 992 mL mm m> h' atm'2 ZEAIEY] ¢85t
o F7IA FEYAEAE o] &ete] FRE AIdrFH Ao

Fxe] di7lzdow dAste] piael AR dold, A (3-2)= AEH A

(3-3)e= ®dE 4 Ik

A7 piinei= 1 71AS] 271 71 ¢ (atm)o]th.
He] 7A Fagdo] e Feloly 55 81w Ay 2 F VARG sUdg
219 el =i, Pk 00 HER 4 (3-3)9] 9

Drwa—big & AR O] WA EASE o] A1evlzNE T Ly 7 dejArh

of BE WAN G-l AYetw, $719 Agdegs M N T Mg g g
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7. 8719 HEHI|IMEFE2E

a3 &717F A AFe WA 2o ALEE F e UheAds Bkl 9s
o] Campbell Early &9 X% 150 g& 7] @i F7 5 mm¢ ot2¥ Aoz WUy
gt 20CAA 643F Agstsict ofad w3} 7o WEL StHE HAAE AL
g A T 71U VA AR 1 mLE AE AR AFAFE 53 FHse vAa
ZutEag 2z o5t Oy B CO; x5 FAssth ZF Aol taiA 3ukE AdS
Stk £33 Ex TFL 980 mL F¥ 9 FEE&E ALEE W

A3ATHYam & Lee, 1995).

&
X
i1
ey
o
fru
Ay

8. 7/0lAe 2t md A S4dntFol 37|19 4ol o= & "It

ZIAFE B Axdn g aEE QM dwWE Wi sdsiA At Tl

Research Inc., Boston, USA)Z, 9%+
Work Ltd., Tokyo, Japan)® ZA3l9th 4=+ 10 mLe 952 0.IN NaOH &% o
% pH 819 Tl =dd wj7bA] HAgeto] 24k FForw FA S ofbv| = A
2% formol AWl o 43ttt

AT FqFe AEE oA (Whatman No. 2)Z o3 F 1 mlLE Hsld,

e el WAL WAR ¥

pud

ot
2

3,5-dinitrosalicylic acid 3mL X7} 3, 15%

Rochelle 4 1 mLE #7183t 550 nmoll A spectrophotometer(Shimadzu UV-1601,

N!

Tokyo, Japan)el <& FH3=E =AH3s, EEY(D-glucose, anhydrous, Sigma
Chemical Co, st. Louis, MO, USA)X =34 osle] 39T &S 3Astd
o A B8 s A& 1 mLell 10% sulfosalicylic acid 1 mLS H7Fste] 4T 1
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e

A 5 gud s HAAHAY ARE oARgt T 20 W §HE Liv wF ARy}
FBFH=71(570 nm, 440 nm)7} F2E Biochrom 20 plus Amino Acid Analyser
(Biochrom Ltd, Cambrige, England)ell F38te] oln|x=At dtaks A9, A=

Ezchrom Elite V2.8 Data Handling System2 A}-&3f #4313

9. @7|Hruel ojME Y Lo DHEH IS BT
14 Ao el WEd AHgH 871 7hgH AR L wud 92 350 mL A

Hal, 20TolA olE9] Zhewsl s SAsY 22k dkel AFE A g7]ek AL

A3d 23 % nF

ol
N
10
M4
iL]
i
am
0x

Jh olMcHEY Fx

/5 slMont we BYe wel £ AdeE, 7 0y vAFRds bE
Fogor, oz ¢ls) Awy T el PebAs frkLiem 5, 2002). WA 1%
Aol AAE §7] AR B metss] fstel WA 1 mATRE Z3sqrk

Table 3-2014 HFEZo], A% 7= 7% o

o

bl

rlo
N

124 S 7Mx a2, C8 €771 73
NeAol =gtk Ak A7 2 FS = nueE 57 Ans = ST
7] AlFol dAXAl @ RAo= AZFETH(Table 3-1). L C A A 279w
A 713 Zole FARHAAIER AR FEH v AR A

) WSS frepele ERelM e A AFE Ao wth webd Ewel
of foF =Y Wrel vATFE SJste] FE U A FAY FFE F RoE
Bren



Fig. 3-1. Scanning electron micrographs of the internal microstructure of the onggi
containers.
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Glazed surface

Non-glazed surface

Fig. 3-2. Scanning electron micrographs of the surface microstructure of Type A

onggi containers.
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Fig. 3-3. Moisture loss from Type A pottery containers containing 375 mL of water
and exposed to 0% humidity. 4 = control glass jar with silicon sealed on top; X =
glazed on both surfaces; & = glazed on outer surface; Ml = unglazed.

Table 3-3. Moisture transmission (P,/L,) of earthenware at 20C.

Type of . Moisture transmission
Glazing treatment 4 9 .1
earthenware (gPa m°d))
A Both surfaces 0.0148 = 0.0077
Outside surface 0.0282 = 0.0188
None 0.0639 = 0.0047
B Both surfaces 0.0290 = 0.0070
Outside surface 0.05614 = 0.0104
None 0.2612 = 0.0952
C Both surfaces 0.0529 = 0.0154
Outside surface 0.1475 = 0.0096
None 0.4165 = 0.0616

Table 3-3¢] F&F3 deolHz5H AMtd FEF34% Alas A%, BE 3 CE &7

o ulfoF &7lel taiAl z+z: 0.011, 0.044, and 0.069 ¢ mm m* h' Pa' gtk o]z g
oo SR B3 AaE AEZ= olAHolES ZYsE Ay e usR T3 e
2ERTFE (25T, 90% AolaEolA 242 16 x 10° 2 26 x 10° gmm m > h' Pa')
A =2 Froltk(Robertson, 1992). #¢F A2 719 Agole Zet2Y dEHU=
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Fig. 3-4. O and CO: permeation from Type A pottery containers that were initially
flushed with 100% CO.. 4 = control glass jar with silicon sealed on top; x = glazed
on both surfaces; A = glazed on outer surface; l = unglazed.
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719 O = gk CO, =9 H&= 0.60~1.002 Hlol dRner, o= o
ol Zgtxago gk gk 4~79 wWHdE %ol tE ko]t (Robertson, 1992; Day,
1993). &71el A9l olejdt Fxu|o] ke TV wA|Fol e F Blszsithi(Yam &
Lee, 1995; Shelekhin &, 1992). @etA o= &7]19 7|AFH7F F2 WU vAlES

Fahol ol FolAm Yee A Yk,

iy
Jm
o
-
3

S
<

it
B
=
lo,
e
Y
rlo
e
rII.
(e
i)
[>
am
o

_49_



Table 3-4.Gas permeability (P;/L,) of earthenware to O and CO; at 20C.

Type of Glazing Gas permeability Permeability
earthenware treatment (mL atm ' m?hY) ratio
05 COy (Pcoz/Pog)
A Both surfaces 1,380 + 460 970 + 300 0.70
Outside surface 4,010 £ 70 4,010 = 740 1.00
None 25,540 + 4,920 21,880 + 8300 0.86
B Both surfaces 17,200 = 4,170 12,780 = 2,920 0.74
Outside surface 52,610 * 14,550 31,690 + 5,750 0.60
None 129,680 + 4,640 80,220 + 9,050 0.62
C Both surfaces 21,740 + 8,500 19,370 £ 6,070 0.89
Outside surface 50,710 + 4,060 46,230 + 3,310 0.91
None 153,100 = 13,070 120,340 = 6,470 0.79

&7 mM el fobEs AP A fore]l FAs vig Qb (120-190 pm) froF
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(0.05~050 W m' K HslxE =& grolth(Hernandez %, 2000; Hayes, 1987). &7
o] HlAe 224 ¥A(eF 050 k] kg ' KD HlalHE w1, Folo} Zehade] (09~16
k] kg ' K'Y vla)As oFzt Bith Candt 28 F4¥39 nadld 7= £nws
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Table 3-5. Thermal property of non-glazed earthenware

Heat capacity Thermal diffusivity
(Jkg' K

Thermal conductivity

Type of

(m® s
721 x 107

6.00 x 107

(Wm' KDY

earthenware

786.2 + 33.8

1.254 + 0.064
1.057 = 0.107
0.935 £ 0.017

811.0 = 204

507 x 107

869.4 = 56.4
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ol27]= FEEHF & Aol et FUlHFE 90%NAE FElol Frtsta e, 5
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Fig. 3-5. Sorption isotherm of powdered pottery at 20C. A: Type A; @: Type B; I
Type C. Solid lines are moisture fitted by Langmuir equation (3-4).

Table 3-6. Langmuir constant for non-glazed pottery

Onggi Type K
for adsorption

1 0.0572
2 0.0566
3 0.0280
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Fig. 3-6. Desorption isotherm of powdered pottery at 20C. A: Type A; @: Type B;
M Type C.
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Time (day)
Fig. 3-7. Gas adsorption of powdered onggi Type A at 20C. @: CO; ; Il C.I,.

3. 7|2 HHI|IMEF2R o[27I54

Iz A BRel =askdth 69 9 7IAE4 S Table 3-7e14 YR FoF
S el A3 A 78 AQslae ZE UE 79 WEIARAS ol 7t

Tz 7]98kE Aow AdHETHTable 3-4). BE &
719 7NAF I obF EobA X TEFIC] FEAEA AP WIEVAEES
AA = ek ZoR Wl WA A oste] AR X9 TFL 5~21% 0.9
0~20% CO29 712 ZA oA O 2H8F COy WA oA 242 85 9 89 mL kg ' h'
S HFa dAvk 2Eu dd foF HEle AF Z71dAE 89% 0.9 14.8% CO.9]
HY 7 A xS BAh ol Agd 7ibset AGAle] xEo] HAH7| A2 (5~10%
029} 15~20% CO F %)l 77k ghol A th(Kader, 2003). ¥ oA = ofm A4 3}
N5 E2o A TAZAL MRsiEE Ao ol m, tut L7} EEF NARIE
54 w

ALY EokelA o8 F Akt AEdS BolFuz
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Table 3-8. Compositional changes of soybean sauce ripened in onggi containers

Eaol o AR whg, dnme] FREA
W o, g7lvuo el
Qolyk Aow olgstelo} & Ao wlth

ofgl FEAES &7

B

=

Attribute Ripening time (day)
Glazing 30 60 100
treatment
pH Both surfaces 56 £ 0.1 56 £ 02 73 £ 0.1
Outside surface 55 + 0.1 6.3 = 0.1 74 + 0.0
None 55 £ 0.1 52 £ 0.0 6.8 £ 0.6
Salt content  Both surfaces 19.3 £ 3.0 223 £ 15 20.1 £ 09
(%) Outside surface 18.8 + 1.1 188 + 04 194 =+ 04
None 20.7 £ 2.7 252 £ 08 216 £ 25
Acidity Both surfaces 0.68 + 0.76 079 £ 0.11 0.34 £ 0.00
(%) Outside surface 0.62 = 0.10 0.46 = 0.01 0.32 = 0.01
None 0.63 £ 0.07 095 = 0.09 047 £ 0.11
Amino Both surfaces 326 = 17 450 = 25 578 + 26
nitrogen Outside surface 342 = 21 452 = 30 582 + 12
(mg2%) None 350 + 21 454 + 31 566 + 17
Reducing Both surfaces 49 + 17 269 + 106 352 + 151
sugar Outside surface 51 £ 11 147 + 24 297 + 82
(mg/mL) None 5 + 11 412 = 22 573 £ 216
Free amino Both surfaces 589 + 9.3 737 + 44 3826 + 3.2
acids (mg/mL) Outside surface 61.7 £ 35 95.0 £ 83 83.0 £ 10.7
None 62.8 £ 4.8 131.7 + 28.2 878 £ 139

oA @A e #e mATh fel opuwAn Frhsidor], el foke WA o
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Table 3-9e A= 22bd ®o] AR & wiFo = Alzxd 7oA H4S S TaA7
HAgol A 719 FHRAAE FAHT Ans BT vk 4 23l R AxH &
712 124 dxe AgAdoA Axd &7)d vsiA @A 2L VA FHREe £ F
T2 ®HolFa gt} (Table 3-3 & Table 3-4). ol 22 dXol Az 27|71 A
717 kel Al A g7 ZR o] A XWEHA o] Folzl Ao mE o H
Atk =71 F7lelA FHFoF H ufoFe] HEle vlzg Wele VA 2 s F
heg Bon, oje fobs dddeE AYstd FHEE AA 3E 7 UFS B

A% Table 3-39F Table 3-4¢) 12+ WX Az 37]o] 45

s, fopAHel Awd FARIE AxHPe) Fi A sdel & JFe v

e

B=)

=

Table 3-9. Effect of soy sauce ripening time on gas permeability and moisture
transmission of Type A earthenware at 20C

Glazing  Ripening time Gas permeability (mL atm ' m-2 h'!) Moisture

conditions (day) transmission
0, CO2 (gPa'm?”d?

Both Initial 210 + 135 182 + 106 0.0004 + 0.0001
surfaces 30 87 + 19 83 + 60 0.0005 £ 0.0002
100 97 + 31 105 £ 47 0.0009 + 0.0003

Outside Initial 234 + 113 213 + 118 0.0006 + 0.0001
surface 30 17 + 4 60 + 8 0.0005 + 0.0002
100 14 £ 2 79 +9 0.0006 + 0.0001
None Initial 1062 + 134 883 + 181 0.0036 + 0.0010
30 555 + 226 348 + 94 0.0024 + 0.0008

100 77+ 47 92 + 8 0.0013 + 0.0001
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Used one glazed only on outside Used one unglazed

Fig. 3-8. Scanning electron micrographs of the internal microstructure of the Type C
onggi containers (1st year manufactured products). Used containers were those which
had been used for soy sauce fermentation at 30°C for 120 days.
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Unused one glazed on both surfaces
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Unused one glazed only on outside Used one glazed only on outside

Unused one unglazed Used one unglazed

Fig. 3-9. Scanning electron micrographs of the internal microstructure of Type A
onggi containers used for fermenting soy sauce (2nd year manufactured products).
Used containers were those which had been used for soy sauce fermentation at 20C
for 100 days.
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Unused one unglaed Used one unglaed

Fig. 3-10. Scanning electron micrographs of the surface of Type A onggi containers
used for fermenting soy sauce(2nd year manufactured products). Used containers
were those which had been used for soy sauce fermentation at 20°C for 100 days.
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Table 3-10. Effect of reusing onggi container* on production of reducing sugar and

free amino acids from the model liquid food contained in it at 20C

Glazing Storage time Reducing sugar Free amino acid
conditions (day) (mg/mL) (mg/mL)
New Reused New Reused
Both 0 0.000£0.000  0.000+0.000 0.000+0.000  0.000+0.000
surfaces 5 0.276+0.059 0.276+0.059  0.030+0.022  0.034+0.007
10 0.284+0.060  0.305£0.056  0.038£0.020  0.044+0.011
Outside 0 0.000£0.000  0.000+0.000 0.000+0.000  0.000+0.000
surface 5 0.310+0.057  0.369+0.080  0.029+0.004  0.032+0.004
10 0.292+0.058  0.361£0.086  0.077£0.041  0.259+0.011
None 0 0.000£0.000  0.000+0.000 0.000+0.000  0.000+0.000
5 0.307+0.055 0.321£0.095  0.171+0.023  0.396+0.042
10 0.275£0.058  0.316£0.067  0.065+0.043  0.236+0.002

* Type A containers were used for containing the model food, which was prepared
by dissolving soluble starch and protein at 0.1% concentrations each in water. Initial
sample solution contained non of reducing sugar and free amino acid. Reused
containers are those which contained soy sauce for 100 days as ripening process at
20C.
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micro-Kjeldahl®oll o]af &Astdct. 1+, A%, 153 A8 22 1

2~3 g3 4 10 mlE 7FE ¥, 420TellA 12083 AlRE E3fadinh 2l ANeE
A5 =57 - T3 X (Pro—nitro I, Selectail)old =7 % $3} & 01 N - HCl &g 0o
2 AAg A o] FAA FES AEsAT oAb HAE FormolW (7

At 5, 1989) .= Ak

Ct. Protease &4 &3
Protease &S 7|42 1.0% casein(Sigma AHE AF&3 2™ buffers Mcilvine
buffer(0.2M Na;HPO, - 12H:0 + 0.IM citric acid, pH 7.002 A}83}9 3 neutral
protease?] A& AA|s7] 95t 15x10° M disodium EDTAE A}-439th. Bufferd
%20 1.0% casein 1 mL¢} disodium EDTA 1 mLE Al@3dl ¥ 25304 30C=E
AT 5, 9A 0CT=E =24F Mg 44 1 g8 H7ed. Ags 102 5 04 M
trichloroacetic acid(TCA) 3 mLE %o ¥-8& A A7l & 30&1F ZA g}, o] wkg-of
S oI} F oo 2 mLE FHate] tE Algdor At o A 055 M
sodium carbonate 5 mL$} 38 343} Folin reagent 3 m
SAIZL ¥ 660 nmol A FFEE S48 o] Wg xxistol A
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T2 gdAAFoeR 3AId T AlZHE Plate Count Agar(Difco Laboratories, Detroit,
U
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US.A)oll AF3sto] 25Tl A 72A17F v gt & YEly = colony® 59 #45 =74
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°of ¥ 43 A= F8ked 5N - KOH &9+
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Fig. 4-1. Changes in water loss of soy sauce during fermentation period.

[ : glass, O : plastic(PP), & : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-2. Changes in water loss of kochujang during fermentation period.

[ : glass, O : plastic(PP), A& : tupper(PET), < : stainless, B : onggi(BO-BG)

_75_



A 22e f7 ATt BE 2NLRE 2HAARE AT YA TN QAT &
2 8

20

18 2; ﬁ
16 g

[ ——
14
12

Salt content(%)
=

oON O
T

0 1 2 3 4

Fermentation time (month)

Fig. 4-3. Changes in salt content of soy sauce during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-4. Changes in salt content of kochujang during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-5. Changes in pH of soy sauce during fermentation period. [] : glass, O
plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-6. Changes in pH of kochuyjang during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-7. Changes in total acidity of soy sauce during fermentation period.
[ : glass, O : plastic(PP), A& : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-8. Changes in total acidity of kochujang during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-10. Changes in total nitrogen content of kochujang during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-11. Changes in amino nitrogen content of kochujang during fermentation
period. [0 : glass, O : plastic(PP), 2 : tupper(PET), < : stainless, H
onggi(B0-BG)
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Fig. 4-12. Changes in reducing sugar content of kochujang during fermentation
period. [ : glass, O : plastic(PP), A : tupper(PET), < : stainless, H
onggi(BO-BG)
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Fig. 4-13. Changes in protease activity of soy sauce during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-14. Changes in protease activity of kochujang during fermentation period.

[ : glass, O : plastic(PP), A& : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-15. Microbiological changes in a) total aerobic bacteria, b) lactic acid bacteria
and c¢) yeast of soy sauce during fermentation period. [ : glass, O : plastic(PP), A

tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-16. Microbiological changes in a) total aerobic bacteria, b) lactic acid bacteria
and c¢) yeast of kochujang during fermentation period. [ : glass, O : plastic(PP), A
tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-17. Changes in total neucleotide of soy sauce during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-18. Changes in total neucleotide of kochujang during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-19. Changes in «color of soy sauce during fermentation period.
[ : glass, O : plastic(PP), & : tupper(PET), < : stainless, B : onggi(BO-BG)
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Fig. 4-20. Changes in color of kochujang during fermentation period.
[ : glass, O : plastic(PP), A : tupper(PET), < : stainless, B : onggi(BO-BG)
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e A F frelobn kel Wslki= Table 4-3914 Table 4-63 2th %7] 9359
2o} :=AFS cysteine, methionine, arginine®] A& A &l 31 mg/100gol A 83
mg/100 g &= W9 oln =ArE-L histidine, threonine, serine©] i 111 mg/100 goll A]
195 mg/100 g = W< olvu]=2+EL wvaline, phenylalanine, leucine, isoleucine,
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214 mg/100 g, 300 mg/100 g, 604 mg/100 gol ATt frefetr=ibe] A2 Mt HaF
S 2y 1Y A lysines A3 BE fFoolu|x=ite] F7H8a 3] glutamic acid
= 300 mg/100 goll A 765 mg/100 goll A 986 mg/100 g I E FAS Z71E Holx
t}. ¥+ lysineS 604 mg/100 goll Al 440 mg/100 goll A 542 mg/100 g9 = Be A
E Hola Atk 271 A AAAHA AaE v, 3L A oAl SIS she] 471€
A= 718 3L Aok v=d S FASAT. &7E ®ste dA frejotn|eite®

4-3

Hlusi At E = 1709 (Table

o/

) A 2717} 4709 mg/100 g2 7HE =& S Hu
o2o] = ol# (4,690 mg/100 g), 24,458 mg/100 g), =225 (PP, 4,344 mg/100 g),
E}3H(PET, 3,739 mg/100 g) colRem, 271 (Table 4-4) A+ &71(2,729 mg/100 g),
ZH o8 2(2,710 mg/100 g), Z=F=E(PP, 2,621 mg/100 g), EFSHPET, 2,519 mg/100 g),
21(2,498 mg/100 g) =olAtt. 37 € (Table 4-5) A& 2~H A& 2(4,619 mg/100 g), &
71(4,543 mg/100 g), EFZH(PET, 3915 mg/100 g), 2(3,705 mg/100 g), =zt2=E (PP,
3,638 mg/100 g) =Oo = Z7]of HlasfA] °kzhe] wstrb Qo 471 (Table 4-6) A=
Y At A9 FAEA 719 2HEISE ~7F ZH2E 4726 mg/100 g 4,651 mg/100 g
93, EFSH(PET), g, === PP)olA 247 3,966 mg/100 g, 3,715 mg/100 g, 3,709
mg/100 g Toldth. frejopr]mAike] o] gk Wist= wa 470 & HsAE 5 gtel] o
3 Aol Ao UAsHE AAS HATHTable 4-11). fElobn it & ubdd by} el
91+ glutamic acid®} aspartic acid®] $h=Fo] g 49 F 7] A 1,117mg/100g <}
705 mg/100 g2 A fFElopn]wmake] 236%, 14.9%= 7Hg =kt el 2(22.4%,
14.0%), £21(21.8%, 13.5%), EFSHPET, 21.5%, 14.1%), Z&2~8 (PP, 21.5%, 13.6%) 9]

ek g7lolAe] felobmlat Fako] A VERE Adb 8719 FRow el 7]
FAel old vAge Bl FolA olEe] AMsE WA PaAms My Aow
grohe o,
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Table 4-3. Changes in the free amino acids content of soy sauce fermented for 1

month (mg/100 g)
Fermentation time(month)
Amino 0 1
acid Control Glass Plastic(PP) T;:g,ﬁr Stainless (11)3%’}‘]%%)
Cys ND ND ND ND ND ND
“Met ND ND ND ND ND ND
Asp 193 439 439 373 453 479
«Thr 83 119 119 107 131 131
Ser 63 126 126 9% 137 147
Glu 300 912 912 765 941 986
Pro 214 576 587 472 622 622
Gly 195 255 255 218 270 285
Ala 194 374 356 312 383 401
«Val 11 258 246 992 269 281
sTleu 157 197 184 171 197 197
«Leu 149 302 289 249 315 302
«Phe 116 215 132 132 215 149
sLys 604 469 484 440 542 513
«His 31 93 93 78 93 93
*Arg ND 122 122 106 122 122
Total amino 5 419 4,457 4,345 3,739 4,690 47708
sEssencial 1,251 1775 1,669 1,504 1,884 1,788

YOnggi(B0-BG) - See footnotes on Table 2-1.
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Table 4-4. Changes in the free amino acids content of soy sauce fermented for 2

months (mg/100 g)
Fermentation time(month)
Amino 0 2
acid Control Glass Plastic(PP) T(gg%e)r Stainless (%%?ﬁéél)
Cys ND ND ND ND ND ND
«Met ND ND ND ND ND ND
Asp 193 253 253 266 280 280
«Thr 83 60 48 71 71 71
Ser 63 53 53 74 63 53
Glu 300 515 559 515 559 574
Pro 214 183 %5 196 207 219
Gly 195 143 150 143 158 158
Ala 194 187 196 196 214 214
«Val 11 141 152 141 152 152
sIleu 157 105 118 105 118 118
sLeu 149 171 171 171 171 171
«Phe 116 83 83 83 83 83
sLys 604 453 424 409 467 468
«His 31 62 62 62 62 62
*Arg ND 87 87 87 105 105
Total amino 5 419 2496 2623 2519 2710 2798
sEssencial 1251 1,162 1,145 1,129 1229 1,230

YOnggi(B0-BG) © See footnotes on Table 2-1.
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Table 4-5. Changes in the free amino acids content of soy sauce fermented for 3

months (mg/100g)
Fermentation time(month)
Amino 0 3
acid Control Glass Plastic(PP) T(gg%e)r Stainless (lég?ﬁéél )
Cys ND ND ND ND ND ND
«Met ND ND ND ND ND ND
Asp 193 545 505 532 625 665
«Thr 83 84 84 120 192 204
Ser 63 105 116 158 168 189
Glu 300 853 897 809 1014 1044
Pro 214 230 2776 161 161 299
Gly 195 210 255 255 203 353
Ala 194 285 36 249 204 80
«Val 11 9292 234 211 398 234
“Tleu 157 144 144 262 170 210
«Leu 149 249 249 367 314 354
«Phe 116 116 100 116 216 116
sLys 604 409 511 409 511 511
+His 31 93 109 109 124 109
*Arg ND 157 122 157 209 174
Total amino 5 419 3702 3,641 3915 4,619 4,542
sEssencial 1251 1,474 1553 1751 2,064 1912

YOnggi(B0-BG) © See footnotes on Table 2-1.
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Table 4-6. Changes in the free amino acids content of soy sauce fermented for 4

months (mg/100g)
Fermentation time(month)
Amino 0 4
acid Control Glass Plastic(PP) ’i;lg;r}e)r Stainless (11;%’}%% )
Cys ND ND ND ND ND ND
«Met ND ND ND ND ND ND
Asp 193 500 505 539 652 705
*Thr 83 120 84 180 204 180
Ser 63 116 116 200 168 179
Glu 300 809 807 853 1044 1117
Pro 214 276 276 138 219 276
Gly 195 158 255 233 315 338
Ala 194 312 197 178 134 98
*Val 111 140 234 199 304 269
«[leu 157 230 144 301 183 183
*Leu 149 288 249 328 328 380
*Phe 116 149 100 149 199 133
xLys 604 350 511 336 555 569
«His 31 124 109 155 155 124
*Arg ND 139 122 157 191 174
Total amino -, 41 3711 3713 3,966 4651 4725
acid
xEssencial
amino acid 1,251 1,441 1,553 1,805 2,119 2,012

YOnggi(B0-BG) : See footnotes on Table 2-1.
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Table 4-7. Changes in the free amino acids content of kochujang fermented for 1

month (mg/100 g)
Fermentation time(month)
Amino 0 1
acid . . ) Tupper . YOnggai
Control Glass Plastic(PP) (PET) Stainless (BO-BG)
Cys ND ND ND ND ND ND
*Met ND ND ND ND ND ND
Asp ND ND ND ND ND ND
«Thr 71 71 71 77 83 71
Ser 11 11 11 11 1 11
Glu 263 478 456 544 515 529
Pro 142 247 230 276 282 270
Gly 11 15 4 15 15 15
Ala 18 18 4 18 22 22
#Val 23 29 29 23 35 35
«Ileu 13 13 13 13 13 13
+Leu 20 20 20 20 20 20
+Phe 50 41 33 33 41 33
sLys 15 15 15 15 37 15
+His 62 62 62 70 70 70
*Arg 35 % 44 35 35 %
TOta;C?;‘mO 734 1,046 993 1,150 1,179 1,130
:fijg“;jé 289 277 287 286 334 283

YOnggi(B0-BG) © See footnotes on Table 2-1.
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Table 4-8. Changes in the free amino acids content of kochujang fermented for 2

months (mg/100 g)
Fermentation time(month)
Amino 0 2
acid . . ) Tupper . YOnggai
Control Glass Plastic(PP) (PET) Stainless (BO-BG)
Cys ND ND ND ND ND ND
*Met ND ND ND ND ND ND
Asp ND 106 93 120 120 106
«Thr 71 24 24 36 36 24
Ser 11 42 42 42 42 42
Glu 263 147 132 162 162 147
Pro 142 35 46 58 58 58
Gly 11 38 30 38 45 38
Ala 18 36 36 45 45 36
#Val 23 47 35 47 47 47
«Ileu 13 26 % 39 39 %
+Leu 20 52 52 66 66 52
+Phe 50 33 33 50 50 33
sLys 15 88 73 88 88 88
+His 62 16 16 16 16 16
*Arg 35 52 52 52 52 52
TOta;C?;‘mO 734 742 692 859 866 765
:fijg“;jé 289 338 311 394 394 338

YOnggi(B0-BG) © See footnotes on Table 2-1.
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Table 4-9.Changes in the free amino acids content of kochujang fermented for 3

months (mg/100g)
Fermentation time(month)
Amino 0 3
acid - ~ . Tupper o VOnggi
Control Glass Plastic(PP) (PET) Stainless (BO-BG)

Cys ND ND ND ND ND ND

*Met ND ND ND ND ND ND
Asp ND 599 599 612 585 638

«Thr 71 180 228 192 204 204
Ser 11 179 221 221 200 200
Glu 263 603 647 691 544 691
Pro 142 173 173 230 242 276
Gly 11 158 173 188 173 173
Ala 18 196 214 205 196 214
*Val 23 187 222 199 199 211

xIleu 13 170 157 118 131 157

*Leu 20 341 275 275 262 301

*Phe 50 149 199 100 149 183

*Lys 15 131 146 146 146 161
*His 62 109 78 78 78 93

*Arg 35 191 244 244 278 278

Total amino 734 3,366 3,579 3,499 3,387 3,780
acid
xEssencial
amino acid 289 1,458 1,549 1,352 1,447 1,588

YOnggi(B0-BG) : See footnotes on Table 2-1.
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Table 4-10.Changes in the free amino acids content of kochujang fermented for 4

months (mg/100g)
Fermentation time(month)
Amino 0 4
acid . . ) Tupper . YOnggai
Control Glass Plastic(PP) (PET) Stainless (BO-BG)
Cys ND ND ND ND ND ND
*Met ND ND ND ND ND ND
Asp ND 638 638 665 638 678
«Thr 71 204 240 180 192 180
Ser 11 179 221 231 210 179
Glu 263 632 662 720 529 968
Pro 142 196 196 219 230 230
Gly 11 150 150 173 158 158
Ala 18 223 187 187 178 214
*Val 23 222 211 222 176 222
*]leu 13 144 197 144 157 197
xLeu 20 328 262 288 249 262
*Phe 50 183 216 149 183 216
*Lys 15 146 146 175 175 190
«His 62 140 109 140 140 140
*Arg 35 174 244 244 244 244
TOta;Cfgan 734 3559 3,683 3737 3,459 4,078
xEssencial
amino acid 289 1,541 1,625 1,542 1,516 1,651

YOnggi(B0-BG) : See footnotes on Table 2-1.
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Table 4-11. Sensory evaluation of soy sauce fermented for 4 months

Soy sauce Color Odor Taste acc(é;ggﬂity
Glass 345" 3.36 2.64° 3.00
Plastic(PP) 3.09" 3.09" 2.82" 350
Tupper(PET) 3.55% 355" 2.82" 3.33"
Stainless 3.09” 3.00 3.18" 3.00

YOnggi(BO-BG) 427 4.36° 455 433"
P value 0.0285 0.0070 0.0001 0.0001

YOnggi(BO-BG) : See footnotes on Table 2-1.

. Means with the same letter in column are significantly different at
p<0.05 level by Duncan’s multiple range test.

Table 4-12. Sensory evaluation of kochujang fermented for 4 months

Soy sauce Color Odor Taste a Ccoegggﬁity
Glass 318" 3.18" 264" 2.75
Plastic(PP) 3.36 3.09" 273" 3.25"
Tupper(PET) 3.36 3.18" 273 267
Stainless 3.00 291° 273" 2.75°

YOnggi(BO-BG) 445" 418" 4,00 433
P value 0.0001 0.0009 0.0001 0.0001

YOnggi(BO-BG) : See footnotes on Table 2-1.
@ b Means with the same letter in column are significantly different at

p<0.05 level by Duncan’s multiple range test.
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Fig. 4-21. Changes in water loss of soy sauce fermented in onggi vessels. B
BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0OG, & @ B20-BG, O
B30-WG, O : B30-0G, A : B30-BG
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Fig. 4-23. Changes in salt content of soy sauce fermented in onggi vessels. B
BO-WG, @ @ BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0G, & @ B20-BG, O
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Fig. 4-24. Changes in salt content of kochujang fermented in onggi vessels. B :
BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ @ B20-0G, & @ B20-BG, O
B30-WG, © : B30-OG, A : B30-BG
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Fig. 4-25. Changes in pH of soy sauce fermented in onggi vessels. B : BO-WG, @ :
BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0G, & @ B20-BG, O : B30-WG, O :
B30-0OG, A : B30-BG
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Fig. 4-26. Changes in total acidity of soy sauce fermented in onggi vessels.
H : BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0G, & @ B20-BG, O
B30-WG, o : B30-0G, A : B30-BG
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Fig. 4-27. Changes in pH of kochujang fermented in onggi vessels. B : BO-WG, @
B0-OG, A : BO-BG, @ : B20-WG, @ : B20-0OG, & @ B20-BG, O @ B30-WG, O
B30-0G, A : B30-BG
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Fig. 4-28. Changes in total acidity of kochujang fermented in onggi vessels.
B . BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0OG, & @ B20-BG, O :
B30-WG, o : B30-0G, A : B30-BG
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Fig. 4-29. Changes in total nitrogen content of soy sauce fermented in onggi vessels.
H . BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0G, & @ B20-BG, O
B30-WG, o : B30-0G, A : B30-BG

<
(o
N
N
©
—z
rl
o
fr
A
lo,
=
¥
e
&
N
o
do
>
=)
iul
N
i3
fof

2 %7] 1.0%M 2&E
AN A BHE 30% FFS FW BF =X @ B30-BG7F 23%E dEEtoith 1
I EHE 0%% F4S 3% wWrk =¥3 B0-OG7F 1.8%, A E 0% 4H % =¥
3 BO-BG7F 14% = 5atadnth weba BHE v &of] A= FHE 0%2 fFoFS
S+ Rk =8 B0-OG7F 7HE =i, frokel frirel wE Wt s ZHE 30%

fFebs W BF R 3 B30-BGZE 7HE = dEbgth o 9ol TE a1 A B

&

- 113 -



Total nitrogen content(%)

0 0.5 1 1.5 2 25 3 3.5 4

Fermentation time (month)

Fig. 4-30. Changes in total nitrogen content of kochujang fermented in onggi vessels.
H : BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0G, & @ B20-BG, O
B30-WG, o : B30-0G, A : B30-BG

Ao A F oste] #ofsh= ofnl-Ej A A o] WshE Fig. 4-31°] YERd A
Al EHE H g WE Wi BEHE 0% BO-BGS 4 Z7] 158 mg%olA

F ANE A 260 mg%E MY = dES e, EAE 20%2 B20-BGE 27
158 mg%olA & 471 A 215 mg% TS HArh BAE 30%< B30-BGE 158
mg%ol A HE 19 A 217 mg%es YERATE ok fio] wE WisteA= 4
E 0%olA Z=F8A &2 BO-WGE 27] 158 mg%olA 2aE 4719 A 225 mg%< 3
S B, 3 W =X 3 BO-OGE %7] 158 mg%ol Al g 470 Al 246 mg%ol ™,

o2
=)
F
Hl
o
o5}

0-BGE %7] 158 mg%ol A 2& 47019 A 260 mg% T Fo=w 71 =
2 S Yed ik ofvl e A4 ko] Wsle wE 40 F oghe] tigk de A}

Aaksl frelopr| et gheF sk ejan Fake] wskel 7o) dAshE Aem HoXith

- 114 -



o
. XOB o de W Y o oF -
S
S <l > Sy MT_ my T = Mo -
] ~ W = £ = O B M .
g O ~ o T 8 § .
=3 X w — ma P Lo )
< T nm_m T o= H,WM PR ﬁ 5
s e R TR )
3 al i o
o w oo o4 g BooM 2 o
X : ; o
=9 - Lo o M G
Qp hU., l nﬂ m ‘Dro MM ~ «mﬁ M_Aw ‘.m_ﬁl A_I
W W . ;oT ﬂ i 0 1__/l . N OT ﬂme
g B g =~ 5 o
1| S & i of =~ o
S D LN 24D i
2 § FRE g 5 2 '
m il . | NP - R R
= &) < o = W T =
1 o« = m n_D % m ' oy i S K o o . WW
1o
= o - .. ﬂuﬂ 1o =y — = = E ,mﬂ ,mﬁ 1&;
Q O < 1__/| s i iy B
: sl A R =
] £89 L - S H OB o
-2 e 2R ™o B 7
| 285 %ﬂ%E@O#DVbQQ
SR S ia uﬂT J g i
m Lo o mﬁ N — Et M Mﬁ -
< —_ _Z‘.ﬁ 0 ‘ml 1__/| . 7D ‘_I§—w~_ 2
([ O s ~ o D .
=T © = P20 . 25
- B g W B Lo oo O
L% i Now x° S B 4
55 v = BN mwo =8 iod
, i W@ > B Murt =0 e ﬂmu o
o o < m % of 1y 0, = - Mﬂ % -
3 S zTg%WE%%ﬂa%
.. ol )
(9, 3w))udu0d UIG0I)IU OUIWY D Wﬂ W M.rm g MM : oW. N:ﬂ -3
Lig - LTI 5
Nk Er T by 2R ol
i "I G T
.Ola % % 3 ,UI ° o it )
~ > /M

115 -



N
()]

PRGN
o o
T T

Reducing sugar content(%)
)
o
N

(6]
T

o

0 1 2 3 4

Fermentation time (month)

Fig. 4-32. Changes in reducing sugar content of kochujang fermented in onggi
vessels. B : BO-WG, @ : BO-OG, A : BO-BG, & : B20-WG, @ : B20-0OG, &
B20-BG, O : B30-WG, © : B30-OG, & : B30-BG
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Fig. 4-33. Changes in protease activity of soy sauce fermented in onggi vessels. M :
BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @& : B20-0G, & @ B20-BG, O :
B30-WG, o : B30-0G, A : B30-BG
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Fig. 4-34. Changes in protease activity of kochujang fermented in onggi vessels. M :
BO-WG, @ : BO-OG, A : BO-BG, [ : B20-WG, @ : B20-0G, & @ B20-BG, 0O :
B30-WG, o : B30-0G, A : B30-BG
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Fig. 4-35. Microbiological changes in a) total aerobic bacteria, b) lactic acid bacteria
and c) yeast of soy sauce fermented in onggi vessels. B : BO-WG, @ : BO-OG, A :
BO-BG, O : B20-WG, @ : B20-OG, & @ B20-BG, O : B30-WG, o : B30-0G, A
B30-BG
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Fig. 4-36. Microbiological changes in a) total aerobic bacteria, b) lactic acid bacteria
and c¢) yeast of kochujang fermented in onggi vessels. B : BO-WG, @ : B0-OG, A :
BO-BG, @ : B20-WG, @ : B20-0OG, & @ B20-BG, O : B30-WG, o0 : B30-0G, A
B30-BG
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Fig. 4-37. Changes in total neucleotide of soy sauce fermented in onggi vessels. M :
BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0G, & @ B20-BG, O
B30-WG, o : B30-0G, A : B30-BG
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Fig. 4-38. Changes in total neucleotide of kochujang fermented in onggi vessels. W :
BO-WG, @ : BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0OG, & @ B20-BG, O
B30-WG, © : B30-0OG, A : B30-BG
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Fig. 4-39. Changes in color of soy sauce fermented in onggi vessels. B : BO-WG, @
: BO-OG, A : BO-BG, @ : B20-WG, @ : B20-0G, & @ B20-BG, O @ B30-WG, O :
B30-0OG, A : B30-BG
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Fig. 4-40. Changes in color of kochujang fermented in onggi vessels. B : BO-WG, @
: B0O-OG, A : BO-BG, [@ @ B20-WG, @ @ B20-0G, & @ B20-BG, O @ B30-WG, ©
B30-0G, A : B30-BG
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o} B Ee vl & WHiles EE 0%<2 BO-BGE= 4,711 mg/100 gol
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Hales BHE 0% BO-BGE 4,545 mg/100 golar, &3E 20%< B20-BGE 5875
mg/100 golH, &+ E 30%<2 B30-BGE 5417 mg/100 golth. F<Fe] =X f - Fof u}
2 ®W3lE=E BO-WG7F 4,698 mg/100 golir BO-OG7F 4503 mg/100 gol™, BO-BG7F
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Table 4-13. Changes in the free amino acids content of soy sauce fermented in onggi

vessels for 1 month (mg/100g)
Fermentation time(month)
Amino
0 1
acid ) 2 3 1 5 6) e < 8 < 9 ~
Control "BO-WG “B0-OG  “B0-BG "B20-WG ”B20-OG "B20-BG "B30-WG B30-OG "B30-BG
Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp 193 479 479 479 532 439 466 546 399 453
«Thr 83 131 131 131 143 119 131 143 107 119
Ser 63 116 126 147 137 116 126 147 95 126
Glu 300 956 986 986 1103 883 956 1147 794 927
Pro 214 622 725 622 679 564 633 691 483 587
Gly 195 278 278 285 315 255 270 308 233 263
Ala 194 392 401 401 454 365 383 445 339 383
“Val 111 281 281 281 316 269 269 304 234 269
«[leu 157 197 197 197 236 197 197 223 184 210
*Leu 149 315 315 302 367 315 302 341 276 315
#Phe 116 149 149 149 281 248 165 149 281 231
=Lys 604 528 528 513 557 454 542 616 454 513
*His 31 93 93 93 93 78 93 93 62 78
=Arg ND 122 122 122 140 122 122 157 105 122
Total amino
d 2,410 4,659 4,812 4,708 5,354 4,426 4,658 5,314 4,051 4,602
aci
*Essencial
. . 1,251 1,816 1,816 1,788 2,133 1,806 1,821 2,026 1,703 1,857
amino acid

D=9 See footnotes on Table 2-1.
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Table 4-14. Changes in the free amino acids content of soy sauce fermented in onggi

vessels for 2 months (mg/100g)
Fermentation time(month)
- :
Control "BO-WG ?B0-0G *B0-BG "B20-WG ”B20-0G “B20-BG "B30-WG ¥B30-OG *B30-BG

Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp 193 266 293 280 253 253 266 316 306 306
*Thr 83 60 71 71 36 60 60 71 71 71
Ser 63 53 63 53 21 53 53 63 63 63
Glu 300 544 588 574 485 515 530 667 622 618
Pro 214 219 115 219 299 207 207 242 242 242
Gly 19% 150 158 158 158 153 150 173 173 173
Ala 194 205 214 214 214 214 214 225 223 203
*Val 111 152 152 152 152 152 152 170 170 164
«Ileu 157 105 118 118 118 118 105 118 118 118
+Leu 149 171 171 171 171 171 171 186 186 184
*Phe 116 83 83 83 83 83 83 100 99 99
#Lys 604 438 468 468 453 438 468 497 497 497
+Iis 31 62 62 62 62 62 62 62 62 62
*Arg ND 105 105 105 87 87 87 105 105 105

T"taal;émno 2410 2613 2,663 2,798 2,593 2,568 2611 2,999 2,942 2931

:ﬁ:ﬁ“gj{g 1251 1,176 1,230 1,230 1,162 1,171 1,188 1,309 1,308 1,300

V=9 See footnotes on Table 2-1.
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Table 4-15. Changes in the free amino acids content of soy sauce fermented in onggi

vessels for 3 months (mg/100g)
Fermentation time(month)
Control "BO-WG ?B0-0G *B0-BG "B20-WG ”B20-0G “B20-BG "B30-WG ¥B30-OG *B30-BG
Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp 193 652 678 665 776 756 745 780 771 771
*Thr 83 108 276 204 255 245 240 219 216 216
Ser 63 126 221 189 242 242 242 169 169 158
Glu 300 1014 956 1044 1180 1170 1176 1325 1226 1205
Pro 214 276 230 299 536 529 529 253 253 253
Gly 195 203 203 353 225 225 225 312 332 323
Ala 194 401 329 80 442 442 445 346 369 392
*Val 111 316 202 234 423 423 433 345 325 316
«Ileu 157 210 210 210 285 280 288 249 249 249
+Leu 149 354 275 354 369 360 393 386 369 393
+Phe 116 133 116 116 149 149 149 149 149 149
#Lys 604 496 467 511 596 580 584 566 567 599
+Iis 31 124 109 109 124 124 124 140 140 140
*Arg ND 191 209 174 236 246 296 246 244 244
T"taal;émno 2410 4694 4504 4542 5,839 5,773 5872 5,489 5,384 5,414
:ﬁ:ﬁ“gj{g 1,251 1,932 1,884 1,912 2,437 2,407 2,507 2,300 2,259 2,306

V=9 See footnotes on Table 2-1.
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Table 4-16. Changes in the free amino acids content of soy sauce fermented in onggi

vessels for 4 months (mg/100g)
Fermentation time(month)
e :
Control "BO-WG ?B0-0G *B0-BG "B20-WG ”B20-OG “B20-BG "B30-WG ¥B30-OG ?B30-BG

Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp 193 678 705 705 705 711 718 706 705 705
*Thr 83 132 192 180 192 264 264 188 196 168
Ser 63 158 200 179 202 254 252 256 235 200
Glu 300 1044 1014 1117 1042 1086 1103 1106 1107 1147
Pro 214 299 242 276 365 355 483 442 413 322
Gly 195 308 218 338 226 223 210 200 231 308
Ala 194 427 312 98 401 403 401 412 422 436
*Val 111 269 246 269 431 412 421 421 268 269
*Ileu 157 249 203 183 324 312 328 316 278 288
“Leu 149 301 328 380 324 324 328 288 299 367
+Phe 116 149 166 133 199 118 116 123 142 149
#Lys 604 467 453 569 603 602 613 596 568 584
+His 31 171 124 124 155 155 155 155 149 140
*Arg ND 191 209 174 241 248 261 261 248 244

T"taal;émno 2410 4,843 4636 4725 5431 5,469 5,656 5474 5,266 5,333

:ﬁ:ﬁr‘iﬂ 1251 1,929 1,941 2,012 2,469 2,435 2,486 2,348 2,148 2,209

V=9 See footnotes on Table 2-1.
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Fol Felotvlwitel HAFHd o, W A E 4709 Al(Table 4-20)= oFxb 7rad
AL F4E 7= Atk R A(Table 4-17) A E] wo] ©E Wge RHE
09%<] BO-BG+= 1,133 mg/100 geolat, &% 20%<) B20-BG= 1,121 mg/100 golH, &

4
H

HE 30%¢] B30-BGE 1,048 mg/100 golth foFel =¥ - Fo] wE Wae
BO-WG7} 1,105 mg/100 geolaz BO-OG7}F 1,076 mg/100 gol™, BO-BG7}F 1,133 mg/100
golth. & 27149 A|(Table 4-18) WA ES] Hlo] wE W= ZHE 0% BO-BGe=
763 mg/100 goli, EHE 20%<] B20-BGE 1,080 mg/100 golw, EHE 30%S
B30-BGE 870 mg/100 golth. okl =¥ - Fol wE W3le BO-WGZF 849
mg/100 go]2 BO-OG7} 733 mg/100 gol™, BO-BG7} 768 mg/100 golt}. wa 3714
#|(Table 4-19) A E2] wlo] W& Wi = 0% BO-BGE 3,783 mg/100 go] L,
BEHE 20%9 B20-BGE 4,120 mg/100 gol™, E4E 30%¢1 B30-BGE 5,129 mg/100
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TX f - Fo] w2 WilE BO-WGZF 4,846 mg/100 gol i BO-OG7F 4,309 mg/100 gol
™, BO-BG7}F 4,081 mg/100 goltt. oo a4 waaAgol A frelotn|=ite] W3t 5
7 FEHA A e oA e mizvbR R shd gkl B4 7 = aspartic acid9b
glutamic acid®] F7F&o] 7bg =qom olE uFe] wre FAAA &S et
Azbgeh a2ga frejotr il Wste] SlojA EHES] Mo mE dFdFe FHE 20%
b AR, ok BE § - R T¥EA e Ly} FAHoR L3 Ao

ek,
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Table 4-17. Changes in the free amino acids content of kochujang fermented in onggi

vessels for 1 month (mg/100g)
Fermentation time(month)
P 1
Control "BO-WG ?B0-0G *B0-BG "B20-WG ”B20-OG “B20-BG "B30-WG ¥B30-OG ?B30-BG

Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp ND ND ND ND ND ND ND ND ND ND
*Thr 71 71 71 71 60 71 77 77 77 66
Ser 11 5 11 11 5 11 11 11 11 11
Glu 263 529 500 529 348 515 500 537 537 485
Pro 142 270 265 270 201 265 259 270 276 253
Gly 11 15 11 15 8 15 15 15 15 11
Ala 18 18 18 22 18 2 18 22 18 18
*Val 23 18 29 35 18 23 35 18 23 18
*Ileu 13 13 13 13 7 13 13 13 13 13
«Leu 20 20 13 20 13 20 20 2% 2% 20
+Phe 50 33 33 33 25 33 41 41 41 41
#Lys 15 15 22 15 29 2 29 22 2 15
+His 62 70 62 70 47 62 62 70 70 62
*Arg 35 26 26 26 26 35 35 26 2 2%

T"taal;émno 734 1,103 1,075 1,130 806 1,109 1,118 1,152 1,160 1,045

:ﬁ:ﬁr‘iﬂ 289 266 269 283 205 279 312 293 208 261

V=9 See footnotes on Table 2-1.
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Table 4-18. Changes in the free amino acids content of kochujang fermented in onggi

vessels for 2 months (mg/100g)
Fermentation time(month)
P :
Control "BO-WG ?B0-0G *B0-BG "B20-WG ”B20-OG “B20-BG "B30-WG ¥B30-OG ?B30-BG

Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp ND 120 80 106 133 160 146 120 133 120
*Thr 71 36 24 24 36 48 48 36 36 36
Ser 11 32 32 42 21 42 33 42 42 32
Glu 263 162 118 147 191 206 206 177 177 162
Pro 142 58 46 58 58 69 81 58 81 58
Gly 11 38 30 38 53 53 53 45 45 38
Ala 18 45 36 36 53 62 53 45 53 45
*Val 23 47 35 47 59 70 70 59 59 47
*Ileu 13 39 % % 39 52 52 39 39 39
«Leu 20 66 39 52 79 79 79 79 66 66
+Phe 50 33 33 33 50 66 50 50 50 33
#Lys 15 102 73 88 146 131 117 102 117 117
+His 62 16 124 16 16 16 16 16 31 16
*Arg 35 52 35 52 52 70 70 70 70 52

T"taal;émno 734 846 733 765 987 1,126 1,077 942 1,004 867

:ﬁ:ﬁr‘iﬂ 289 391 389 338 477 532 502 451 468 406

V=9 See footnotes on Table 2-1.
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Table 4-19. Changes in the free amino acids content of kochujang fermented in onggi

vesselsfor 3 months (mg/100g)
Fermentation time(month)
Control "BO-WG ?B0-0G *B0-BG "B20-WG ”B20-OG “B20-BG "B30-WG ¥B30-OG ?B30-BG
Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp ND 771 746 638 931 718 785 612 758 1184
*Thr 71 312 204 204 504 276 324 216 324 208
Ser 11 231 189 200 336 242 242 158 231 273
Glu 263 764 779 691 970 1029 794 735 926 941
Pro 142 265 460 276 299 414 219 299 311 283
Gly 11 225 180 173 333 165 180 218 233 248
Ala 18 249 231 214 356 178 240 231 249 267
*Val 23 351 211 211 386 246 234 281 246 398
*Ileu 13 170 197 157 472 314 301 328 367 170
“Leu 20 341 341 301 288 170 157 197 262 328
+Phe 50 232 448 183 315 299 183 249 216 232
#Lys 15 146 146 161 234 234 102 204 161 161
+His 62 155 93 93 140 93 109 140 140 124
*Arg 35 435 244 278 331 539 244 383 261 278
T"taal;émno 734 4647 4472 3780 5,901 4919 4117 4255 4,690 5,126
:ﬁ:ﬁr‘iﬂ 209 2142 1,884 1,588 2,670 2171 1,654 1,998 1,977 1,919

V=9 See footnotes on Table 2-1.
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Table 4-20. Changes in the free amino acids content of kochujang fermented in onggi

vessels for 4 months (mg/100g)
Fermentation time(month)
e :
Control "BO-WG ?B0-0G *B0-BG "B20-WG ”B20-OG “B20-BG "B30-WG ¥B30-OG ?B30-BG

Cys ND ND ND ND ND ND ND ND ND ND
*Met ND ND ND ND ND ND ND ND ND ND
Asp ND 771 652 678 865 771 785 652 678 732
*Thr 71 288 216 180 480 276 288 252 300 252
Ser 11 210 200 179 347 242 210 200 210 252
Glu 263 1044 1056 968 1144 1124 1075 955 988 986
Pro 142 288 253 230 265 380 322 288 265 265
Gly 11 240 173 158 300 150 158 173 210 218
Ala 18 258 169 214 365 160 231 187 178 267
*Val 23 363 199 202 374 269 234 234 222 257
*Ileu 13 197 210 197 511 275 301 280 288 197
“Leu 20 380 262 262 262 197 144 170 301 380
+Phe 50 216 415 216 282 315 183 183 249 249
#Lys 15 131 117 190 234 248 117 117 161 146
+His 62 124 124 140 124 78 140 140 155 155
*Arg 35 331 261 244 365 348 244 261 206 244

T"taal;émno 734 4841 4311 4078 5919 4835 4,435 4,096 4436 4606

:ﬁ:ﬁr‘iﬂ 29 2030 1,804 1,651 2,632 2,006 1,651 1,637 1,902 1,880

V=9 See footnotes on Table 2-1.
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Table 4-21. Sensory evaluation of soy sauce fermented in onggi vessels for 4 months

Soy sauce Color Odor Taste acc(zggt&)lﬁi ty
YBO-WG 345" 355 3.73™ 3.25™¢
“B0-0G 3.82% 3.82° 409" 4.00°
YB0-BG 427 4.36 455 4.33°
YB20-WG 191" 2.00° 2.64% 1.50°
“B20-0G 2.64% 2.82¢ 3.18% 3.25%°
YB20-BG 3.18% 3.27" 3.55" 3.33%°
"B30-WG 1.73" 1.73° 2.27° 1.50°
¥B30-0G 2.09% 2.27° 3.00% 2.75°
B30-BG 2.91¢ 3.00° 3.55" 3.00"

P value 0.0001 0.0001 0.0001 0.0001

1

~9 : See footnotes on Table 2-1.

a~f : Means with the same letter in column are significantly different at p<0.05
level by Duncan’s multiple range test.
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Table 4-22. Sensory evaluation of kochujang fermented

in onggi vessels for

months
Kochujang Color Odor Taste acc(()e;‘f;iﬂi ty
YBO-WG 345° 3.36™ 373 3.25™
“B0-0G 391° 373" 391% 4.00°
YB0-BG 445 4.27° 4.27° 4.33°
YB20-WG 2.27" 2.18° 2.18° 2.25
YB20-0G 2.73° 2.64% 2.82¢ 3.00°%
9B20-BG 3.36 3.09% 3.55" 367"
"B30-WG 1.91° 1.73" 2.00° 2.00"
¥B30-0G 227" 2.27° 2.36° 2.50%
B30-BG 3.00% 3.00 3.27° 3.33"¢
P value 0.0001 0.0001 0.0001 0.0001

D

~9 : See footnotes on Table 2-1.

a~f : Means with the same letter in column are significantly different at p<0.05
level by Duncan’s multiple range test.
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Fig. 4-41. Changes of temperature in empty fermentation vessels in range of a rising
temperature from 24 to 40C. @ : onggi, B : stainless, A : plastic(PP)
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Fig. 4-42. Changes of temperature in empty fermentation vessels in range of a drop
in temperature from 40 to 24C. @ : onggi, B : stainless, A : plastic(PP)
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Fig. 4-43. Changes in temperature of soy sauce in vessels during fermentation period
in the field.(fine weather in within February) O : ambient @ : onggi, B : stainless,
A : plastic(PP)
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Fig. 4-44. Changes in temperature of soy sauce in vessels during fermentation period
in the field.(fine weather in within June) O : ambient @ : onggi, B : stainless, A :
plastic(PP)
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Fig. 4-46. Crystals of salt in old onggi tissue after fermentation of soy sauce

Fig. 4-47. Crystals of salt in old onggi tissue after fermentation of doenjang
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Fig. 4-48. Crystals of salt in old onggi tissue after fermentation of kochujang
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Fig. 4-49. Changes in salt content of soy sauce during fermentation period in the
field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-50. Changes in salt content of doenjang during fermentation period in the field.
O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-51. Changes in salt content of kochujang during fermentation period in the
field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-52. Changes in pH of soy sauce during fermentation period in the field.
O :old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-53. Changes in total acidity of soy sauce during fermentation period in the
field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-54. Changes in pH of doenjang during fermentation period in the field.
O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-55. Changes in total acidity of doenjang during fermentation period in the
field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-56. Changes in pH of kochujang during fermentation period in the field.
O :old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-58. Changes in total nitrogen content of soy sauce during fermentation period
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Fig. 4-59. Changes in total nitrogen content of doenjang during fermentation period
in the field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-60. Changes in amino nitrogen content of soy sauce during fermentation period
in the field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-61. Changes in amino nitrogen content of doenjang during fermentation period
in the field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-62. Changes in amino nitrogen content of kochujang during fermentation period
in the field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-63. Changes in reducing sugar content of soy sauce during fermentation period
in the field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-64. Changes in reducing sugar content of doenjang during fermentation period
in the field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-65. Changes in reducing sugar content of kochujang during fermentation period
in the field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-66. Microbiological changes of soy sauce during fermentation period in the
field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Fig. 4-67. Microbiological changes of doenjang during fermentation period in the field.
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Fig. 4-68. Microbiological changes of kochujang during fermentation period in the
field. O : old onggi, @ : new onggi, B : stainless, A : plastic(PP)
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Table 4-23. Changes in the free amino acids content of soy sauce

fermented for 1 month (mg/100 g)
Fermentation time(month)
Amino
acid 0 !
Control Old onggi New onggi Stainless PP
Asp 300 581 597 462 450
Glu 492 1,160 1,158 869 859
Ser 58 136 143 115 112
«His 37 91 86 66 67
*Thr ND ND ND ND ND
Gly 353 612 619 469 455
*Arg 67 211 200 157 158
Ala 348 513 512 396 377
Tyr 68 92 98 76 75
Cys 384 566 449 416 399
*Val 161 293 308 243 188
*Met 106 180 154 118 142
#Phe 100 205 215 195 182
x]leu 219 218 208 159 159
*Leu 281 404 406 314 299
xLys 419 556 574 416 402
Total amino 3,393 5818 5728 4471 4,324
FEssencial 1,389 2,156 2,150 1667 1597
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Table 4-24. Changes in the free amino acids content of soy sauce

fermented for 2 months (mg/100 g)
. Fermentation time(month)
Amino
. 0 2

acid Control Old onggi New onggi Stainless PP
Asp 300 596 653 557 585
Glu 492 1,257 1,320 1,104 1,210
Ser 58 141 142 116 134
«His 37 97 87 73 87
*Thr ND 713 493 688 694
Gly 353 119 176 110 120
*Arg 67 268 270 200 238
Ala 348 457 461 453 445
Tyr 68 96 105 85 96
Cys 384 403 288 254 352
*Val 161 266 248 252 261
*Met 106 136 161 139 133
*Phe 100 290 307 274 281
#leu 219 388 401 349 376
*Leu 281 461 451 435 438
*Lys 419 807 870 518 672
TOtaalcf‘fmo 3,393 6,495 6,435 5,607 6,122
*Essengé?é amno 1,389 3,426 3,288 2,927 3,179

Table 4-25. Changes in the free amino acids content of soy sauce

fermented for 3 months (mg/100 g)
. Fermentation time(month)
Amino
) 0 3
acid ; . -
Control Old onggi New onggi Stainless PP
Asp 300 948 893 862 848
Glu 492 1,814 1,741 1,646 1,653
Ser 58 351 328 293 310
«His 37 139 139 128 140
*Thr ND 373 422 320 316
Gly 353 459 394 441 426
*Arg 67 424 392 349 408
Ala 348 626 611 619 582
Tyr 68 128 124 134 111
Cys 384 551 556 626 762
*Val 161 395 384 388 351
*Met 106 218 196 189 186
*Phe 100 373 360 356 359
xJleu 219 384 362 345 323
*Leu 281 580 553 528 519
xLys 419 770 735 711 652
1 Otagcfgnmo 3,393 8,533 8193 7,935 7,946
*Essencial
amisrfg gc?d 1,389 3,655 3542 3315 3,254
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Table 4-26. Changes in the free amino acids content of soy sauce

fermented for 4 months (mg/100 g)
i Fermentation time(month)
Amino
: 0 4
acid ; ; -
Control Old onggi New onggi Stainless PP
Asp 300 1,275 1,242 1,141 378
Glu 492 2,369 2,293 2,106 735
Ser 58 415 391 344 132
#His 37 195 186 163 52
*Thr ND 536 461 417 169
Gly 353 606 579 563 191
*Arg 67 554 499 444 158
Ala 348 787 759 744 242
Tyr 68 129 118 128 25
Cys 384 839 923 811 357
*Val 161 503 490 461 158
*Met 106 294 290 277 82
*Phe 100 434 413 396 139
*[leu 219 552 534 494 159
*Leu 281 701 689 640 222
*Lys 419 1,013 945 920 279
Total amino 3,393 11,202 10,816 10,049 3,478
*Essencial amino 1,389 47782 4,508 4,214 1,417

Table 4-27. Changes in the free amino acids content of doenjang

fermented for 1 month (mg/100 g)
Ami Fermentation time(month)
mino O l
acid Control Old onggi New onggi Stainless PP
Asp 118 2,183 2,280 1531 1,165
Glu 374 3,987 4035 2,668 2,104
Ser 105 961 922 691 563
«His 214 490 479 398 243
«Thr 97 871 1,195 807 530
Gly 144 1,205 1,004 705 514
*Arg 57 1,382 1375 931 736
Ala 321 885 1011 640 504
Tyr 91 346 219 2175 2%
Cys 17 1,670 1617 1,001 766
*Val 21 1,368 1,449 957 768
#Met 66 ND ND ND ND
«Phe 197 1234 1431 789 1,210
«Tleu 216 917 871 655 270
+Leu 295 1,590 1,606 1,100 884
Lys 219 1,183 1,294 831 644
Total amino 2,852 20,272 20,789 13,909 11,127
~Essencial 1582 9,034 9,699 6,397 5,284
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Table 4-28. Changes in the free amino acids content of doenjang

fermented for 2 months (mg/100 g)
. Fermentation time(month)
Amino
: 0 2
acid - X ;
Control Old onggi New onggi Stainless PP
Asp 118 1,399 1,238 718 708
Glu 374 2,428 2,145 1,519 1,532
Ser 105 559 423 194 208
#His 214 265 217 151 140
*Thr 97 1,080 1,170 733 646
Gly 144 368 284 148 17
*Arg 57 818 696 358 365
Ala 321 566 539 318 317
Tyr 91 235 132 65 43
Cys 117 883 799 536 516
*Val 221 868 772 393 391
«Met 66 ND ND ND ND
*Phe 197 739 647 287 290
#]leu 216 985 862 388 393
xLeu 295 629 573 366 356
*Lys 219 934 729 552 596
Total amino 2,852 12,756 11,228 6,726 6,518
PR
af;;g“ggé 1,582 6,318 5,666 3,228 3,178

Table 4-29. Changes in the free amino acids content of doenjang

fermented for 3 months (mg/100 g)
. Fermentation time(month)
Amino
. 0 3
acid - - -
Control Old onggi New onggi Stainless PP
Asp 118 1,783 1,661 1,435 1,559
Glu 374 3,050 2,888 2,561 2,689
Ser 105 940 912 839 829
«His 214 304 327 298 295
*Thr 97 866 808 669 743
Gly 144 708 716 662 662
*Arg 57 1,126 1,095 906 927
Ala 321 741 711 641 668
Tyr 91 123 99 60 6
Cys 117 1,129 957 960 936
*Val 221 522 499 423 448
*Met 66 296 257 224 267
*Phe 197 400 642 611 660
#]leu 216 912 549 443 498
*Leu 295 1,154 1,102 977 1,032
*Lys 219 837 860 750 711
TOta;Cfgnmo 2,852 14,891 14,086 12,459 12,930
*
agfﬁgngé?é 1,582 6,417 5,776 6,140 5,300
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Table 4-30. Changes in the free amino acids content of doenjang

fermented for 4 months (mg/100 g)
. Fermentation time(month)
Amino
, 0 4
acid - X ;
Control Old onggi New onggi Stainless PP
Asp 118 1,528 1,794 1,705 1,454
Glu 374 2,917 2,971 2,854 2,447
Ser 105 827 778 750 656
#His 214 346 297 278 227
*Thr 97 992 936 888 820
Gly 144 698 676 657 545
*Arg 57 952 895 868 748
Ala 321 739 706 669 582
Tyr 91 198 196 88 184
Cys 117 2,180 1,277 1,056 1,038
*Val 221 740 711 738 604
«Met 66 363 358 331 307
*Phe 197 655 630 616 533
#]leu 216 837 837 808 692
xLeu 295 1,221 1,175 1,137 987
*Lys 219 853 908 891 734
Total amino 2,852 16,046 15,149 14,334 12,558
ggisrfg“;gé 1,582 6,956 6,746 6,556 5,653

Table 4-31. Changes in the free amino acids content of kochujang

fermented for 1 month (mg/100 g)
. Fermentation time(month)
Amino
. 0 1
acid ; ; -
Control Old onggi New onggi Stainless PP
Asp 41 56 62 45 48
Glu 286 546 537 515 456
Ser 15 35 65 32 16
*His 62 63 70 70 71
*Thr 72 72 77 79 73
Gly 12 14 13 15 15
*Arg 37 96 52 39 44
Ala 20 104 22 22 20
Tyr ND ND ND ND ND
Cys ND ND ND ND ND
*Val 25 29 28 35 29
*Met 4 4 3 4 4
*Phe 56 64 58 58 57
*[leu 13 14 14 14 13
*Leu 25 27 26 26 26
*Lys 41 46 45 47 47
Total amin
Otaaciad 0 709 1,170 1,073 1,001 919
wFec
af;;g“ggé 335 414 373 3711 364
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Table 4-32. Changes in the free amino acids content of kochujang

fermented for 2 months (mg/100 g)
. Fermentation time(month)
Amino
) 0 2
acid - - -
Control Old onggi New onggi Stainless PP

Asp 41 107 112 120 93
Glu 286 656 666 625 598
Ser 15 44 65 42 42
+His 62 18 18 18 18
*Thr 72 36 35 31 32
Gly 12 41 40 38 31
*Arg 37 103 96 88 66
Ala 20 115 103 96 96
Tyr ND ND ND ND ND
Cys ND ND ND ND ND
*Val 25 47 47 47 47
«Met 4 8 6 5 5
*Phe 56 50 33 50 33
#]leu 13 39 36 32 29
xLeu 25 52 53 46 47
*Lys 41 88 88 88 73

Total amino 700 1,404 1,400 1,326 1,210

oY

sBssencial 335 441 412 406 350

Table 4-33. Changes in the free amino acids content of kochujang

fermented for 3 months (mg/100 g)
. Fermentation time(month)
Amino
, 0 3
acid . X -
Control Old onggi New onggi Stainless PP
Asp 41 718 638 595 600
Glu 286 1,030 891 691 659
Ser 15 256 248 225 228
+His 62 93 109 78 78
*Thr 72 284 209 204 228
Gly 12 188 176 173 173
*Arg 37 516 389 298 251
Ala 20 240 214 205 196
Tyr ND ND ND ND ND
Cys ND ND ND ND ND
*Val 25 246 211 212 210
*Met 4 9 9 7 8
#Phe 56 299 183 149 199
*[leu 13 216 175 145 167
*Leu 25 314 298 286 279
*Lys 41 234 234 246 246
Total amino 70 4,643 3,987 3514 3,522
Essencial 335 2,211 1,817 1,625 1,666
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pp
658
1,002
192
98
229
135
245
216
ND
ND
234
10
145
179
299
173
3,815

1,611

(mg/100 g)

645
998
189
100
224
153
257
225
ND
ND
226
10
126
186
300
163
3,802
1,592

Stainless

Fermentation time(month)
New onggi
732
1,026
207
125
225
146
289
236
ND
ND
234
10
164
200
324
157
4,079
1,728

Old onggi
728
1,125
219
113
284
165
456
245
ND
ND
258
11
204
223
347
190
4,568
2,085

Control
41
286
15
62
72
12
37
20
ND
ND
25
56
13
25
41
709
335

acid
Asp
Glu
Ser
«His
*Thr
Gly
*Arg
Ala
Tyr
Cys
«Val
*Met
*Phe
*[leu
*Leu
*Lys
Total amino
acid
*Essencial
amino acid

Table 4-34. Changes in the free amino acids content of kochujang
Amino

fermented for 4 months
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Table 4-35. Sensory evaluation of soy sauce fermented for 4 months

Vessels Color Odor Taste acc(éggﬁﬂity
Old onggi 355" 3.35" 355" 345
New onggi 410 3.55" 2.80° 3.25
Stainless 4.10° 3,50 2.85" 2.67°
PP 4,00 3.45" 275" 275"

& P Means with the same letter in column are significantly different at

p<0.05 level by Duncan’s multiple range test.

Table 4-36. Sensory evaluation of doernjang fermented for 4 months

Vessels Color Odor Taste acc(éggﬁﬂity
Old onggi 3.85" 425" 405 375
New onggi 460 3.85" 3.40° 3.25
Stainless 460 3.85° 3.50° 2.67°
PP 470 355" 3.60™ 2.75"

& P Means with the same letter in column are significantly different at
p<0.05 level by Duncan’s multiple range test.
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Table 4-37. Sensory evaluation of kochujang fermented for 4 months
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