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Stable production of fermented kanjang containing 1.8% (v/v) ethanol was obtained within four days using
traditional kanjang containing 4% added glucose in packed-bed bioreactor systems filled with immobilized
Zygosaccharomyces rouxii and Candida versatilis on porous alumina ceramic bead carrier at 28 +0.5°C and
aeration rate of 0.05 vvm. Specific rates of alcohol production for Z. rouxii and C. versatilis were 0.0033 and
0.0031/day, respectively, and those of glucose consumption were both -0.0087/day in the batch type of alcoholic
fermentation. In semi-continuous alcoholic fermentation at a dilution rate of 0.25/day, specific rates of alcohol
production for Z. rouxii and C. versatilis were 0.0045 and 0.0029/day, and those of glucose consumption were -
0.01 and -0.008/day, respectively, using identical bioreactor system. Similar specific rates of alcohol production
were observed both in the batch or semi-continuous process and in the continuous one at the dilution rate of
0.25/day. Sensory characteristics of all alcoholic-fermented kanjang by Z. rouxii, C. versatilis, and a mixture of
both yeasts (2:1, w/w) were shown to be significantly superior to those of home-made kanjang as revealed

through organoleptic evaluation tests (P<0.05).
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Fig. 1. Schematic flow sheet of bioreactor system for the continuous alcoholic fermentation of kanjang.
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Fig. 2. Changes in alcohol content during alcoholic
fermentation of kanjang by batch type bioreactor system
packed with immobilized Z. rouxii and C. versatilis.

A Ethanol content of kanjang fermented by Z. rouxii.

@ : Ethanol content of kanjang fermented by C. versatilis.
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Fig. 3. Correlation curves between days of fermentation and
alcohol production consuming sugar during batch alcoholic
fermentation of kanjang by bioreactor system packed with
immobilized yeast cells at constant state.

A : Fthanol content of kanjang fermented by Z. rouxii.

@ : Ethanol content of kanjang fermented by C. versatilis.

A Sugar content of kanjang fermented by Z. rouxii.

<{>: Sugar content of kanjang fermented by C. versatilis.
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Fig. 4. Changes in sugar and alcohol content during semi-
continuous alcoholic fermentation of kanjang by bioreactor
system packed with immobilized Z. rouxii.

M : Ethanol content, [1: Glucose content.
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Fig. 5. Changes in sugar and alcohol content during semi-
continuous alcoholic fermentation of kanjang by bioreactor
system packed with immobilized C. versatilis.

@ : Ethanol content, <: Glucose content.
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Fig. 6. Changes in alcohol content during continuous alcoholic
fermentation of kanjang by bioreactor system packed with
immobilized Z. rouxii and C. versatilis.

A Z. rouxii, @ : C. versatilis.
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Table 1. Comparisons of specific alcohol production rate and specific sugar consumption rate in the alcoholic fermentation processes
of kanjang by bioreactor system packed with respective immobilized yeast cells

Batch fermentation Semi-continuous fermentation Continuous fermentation
Z. rouxii C. versatilis Z. rouxii C. versatilis Z. rouxii C. versatilis
I 0.0033 0.0031 0.00451 0.00288
-0.00874 -0.00874 -0.01 -0.00811
I YP=0.377X+0.008 Y=0.362X+0.0048 Y=0.421X+1.097 Y=0.332X+1.087
v Y=-1.0082X+3.9734 Y=-1.0082X+3.9734  Y=-1.175X+1.234 Y=-0.936X+0.961
A" 1.91 (1.51) 1.81(1.43) 1.92(1.52) 1.79 (1.42) 1.91 (1.51) 1.79 (1.42)
VI 0.057 0.033 0.059 0.02 0.047 0.06
1. Specific rate of alcohol production (I/day).‘
II: Specific rate of sugar utilization (1/day).
III: Functional equation of alcoholic fermentation.
IV: Functional equation of sugar utilization.
V: Average ethanol content of fermented kanjang (%(v/v)) (% w/v in the parentheses).
VI Average residual sugar content of fermented kanjang (%).
YY: % alcohol; X: day.
Table 2. Chemical compositions of raw-, sterilized- and illcoholic fermented-kanjang
A . . B C D E
Moisture 74.90 74.99 74.04 - 7373 73.83
NaCl 19.58 1943 19.29 19.29 19.28
Pure extract (%) 552 © 5.58 6.67 698 6.89
TNV 1.06 1.05 1.11 112 1.12
Lactic acid 0.681 0.708 0.691 0.685 0.644
pH ‘ 5.09 5.08 5.24 5.24 5.29
oD2 2.29 2.19 3.02 3.00 3.00

A: Raw kanjang.

B: Sterilized kanjang; Continuous high temperature short time sterilized kanjang at 111~113°C for 8.48 minutes.

C: Z rouxii fermented kanjang.
D: C. versatilis fermented kanjang.

E: CZ kanjang (1 : 2); Mixed fermented kanjang incorporated by 1:2 weight proportions of respective kanjang fermented by C. versatilis and Z

rouxii.
UTN: Total nitrogen, 0.D.: Optical density at 500 nm.
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Table 3. Changes in the free amino acid content during sterilization and alcoholic fermentation of kanjang

109

(Unit: mg%)

) ) Kanjang"
Amino acid
A B C D E

Aspartic acid 75.85 74.01 85.36 85.86 87.58
Threonine 87.64 82.04 90.62 90.03 86.93
Serine 141.34 136.93 147.27 148.85 140.68
Glutamic acid 607.65 580.64 612.76 615.15 592.36
Proline 121.14 116.29 127.47 123.76 119.51
Glycine 77.62 74.67 79.12 77.84 75.44
Alanine 215.83 207.59 206.72 207.47 196.89
Cystine 22.14 21.56 21.36 21.54 20.15
Valine 133.58 132.26 135.32 137.98 126.81
Methionine 33.30 31.73 31.85 32.04 29.86
Isoleucine 130.96 128.21 133.52 136.11 126.53
Leucine 189.90 191.47 199.95 203.51 190.09
Tyrosine 66.64 67.70 68.52 67.79 63.30
Phenylalanine 109.44 107.46 111.66 112.11 107.85
Histidine 9.73 9.10 13.73 11.56 14.74
Lysine 143.72 140.69 149.10 148.53 144.87
Arginine 3.73 3.62 497 475 5.62
Total 2170.23 2105.98 2219.30 2224.89 2129.21
GA/TA(%)” 28.00 27.57 27.61 27.65 27.82

YRefer to foot note of Table 2.
PPercentage of glutamic acid content/total amino acid content.

Table 4. Organoleptic characteristics of alcoholic fermented kanjang samples produced by bioreactor systems packed with different

strains of immobilized yeast cells

CV kanjang" 7R kanjang® C7Z kanjang” Home made kanjang F value
Color 690+ 1.97° 6.79 £ 1.50* 7.03+£ 157 6.59 + 1.80° 0.35
Flavor 648 +£1.82° 724+ 1.64° 638+ 1.97" 3.934 1.89° 17.79%*
Savory 6.55+2.13" 6.41 £ 145" 631+ 1.63* 448 +1.90° 8.56%*
Salty 6.62+2.01° 6.86+1.77¢ 6.38 + 1.74° 528 +2.74° 3.22%
Sour 624+ 1.77° 6.45 + 1.50° 5.69 +1.39% 5.07+2.10 3.78%
Sweet 7.17+ 1.65° 6.41 + 1.80% 6.10 % 1.86° 390+ 1.7¢° 18.66%*
Overall 7.03+1.74° 7.17 £ 1.65° 6.10 + 1.70° 372+ 1.75° 25.23%*

In a row, means followed by a common letter are not significantly different at the 5% level by Duncan’s multiple range test.

Each value is mean + SD.

*p<0.05, **p<0.01.

YKanjang fermented by immobilize Z. rouxii cells.
YKanjang fermented by immobilize C. versatilis cells.
JRefer to foot note of Table 2.

o OF
I =
td GFuG Al W= g zhzh a4 s oL
A8}t Zygosaccharomyces rouxii®t Candida versatilisS 7
g 4% bioreactors ©]&3 HAFA) FEA gIgw
BAIREONAN 4% XS H7keE AEPgo2RE e
T 28£05°CSt 0.05 vwme] F71ERAA AFATE 490
1.8%2] 4L Tae HS Aoz AL & U
< 5 T Uk
ol Z rouxiist C. versatilis®] B|YIZSAHAE L= 247}
0.0033/day$} 0.0031/day®)om, n7|Aan&nE T g3

BT E7Ho] —0.0087/day®] AT},

b d

»

L% 2 o
4

gt

o

>,
2, of

s

B K
o

Y

_\):4

=

)
B

btor

271 3

|5 E4E 0.25/day(HFAIZE 49)2A 37
A3 A3 7S bioreactorE ©]8-5Fe] MRS A
XNABE W Z rowxii®t C. versatilis®] H)

247} 0.0045/day$} 0.0029/day°] %157, B¢

©] biorcactorE ©]&3F 7Hge] AL AP T XM E

0.25/day (4] 54

b Al St
FA18 N QTEANEES BT,
PLENEERE R

A eV, ZRVE 5

7+zb —0.01/day2} —0.008/day= RSk
]

wkASa] A1) 5

1

o X

Czavgel AvIS el mF 7Rl Aulnch 5% oM
58S nolFAr,



11

H]

E

1

2.

[98)

10

0 T2 E 7882 A 35 WA 1 3 (2003)

HAle| 2

2 A4 200085 8] Amr)Esfgarde) dF
o oJsle] e AFAIL] URTA oo Zo] A} =
2E=3

o
rat

.Lee, S.R. Korean Fermented Foods. Department of Printing &

Publishing Ewha Women's University, Seoul (1992)

Kaneko, K., Tsuji, K., Kim, C.H., Otcguro, C., Sumino, T., Aida,

K., Sahara, K. and Kaneda, T. Contents and compositions of free

sugars, organic acids, free amino acids and oligopeptides in soy

sauce and soy paste produced in Korea and Japan. Nippon

Shokuhin Kogyo Gakkaishi 41: 148-156 (1994)

. Choi, S.B., Kwon, O.S., Nam, H.S., Shin, ZI1. and Yang, H.C.
Optimization for the alcohol fermentation of hydrolyzed vegetable
protein (HVP) soy sauce by Saccharomyces rouxii. Korean J.
Food Sci. Technol. 24: 330-334 (1992)

.Kim, J.K. Process for the development of novel hybrid fusant
yeast strain producing characteristic soy sauce aroma from
Zygosaccharomyces rouxii and Torulopsis versatilis and its appli-
cation to the soy sauce production. Korea Patent 92-104 (1992)

. Hamada, T., Ishiyama, T. and Motai, H. Continuous fermentation
of soy sauce by immobilized cells of Zygosaccharomyces rouxii
in an airlift reactor. Appl. Microbiol. Biotechnol. 31: 346-350
(1989)

. Iwasaki, K.I. and Ueno, N. Porous alumina ceramics for immobi-
lization of soy sauce yeast cells. J. Ceramic Soc. Japan 98: 1186-
1190 (1990) '

-Horitsu, H., Maseda, Y. and Kawai, K. A new process for soy
sauce fermentation by immobilized yeasts. Agri. Biol. Chem. 54:
295-300 (1990)

. Hamada, T., Sugishita, M., Fukushima, Y., Fukase, T. and Motai,

H. Continuous production of soy sauce by a bioreactor system.

Press Biochem. 26: 39-45 (1991)

Iwasaki, K.I., Nakajima, M., Sasahara, H. and Watanabe, A.

Rapid ethanol fermentation for soy sauce production by immobi-

lized yeast cells. Agric. Biol. Chem. 55: 2201-2207 (1991)

. Iwasaki, K.I., Nakajima, M. and Sasahara, H. Rapid ethanol fer-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

mentation for soy sauce production using a microfiltration mem-
brane reactor. J. Ferment. Bioeng. 72: 373-378 (1991)

Horitsu, H., Wang, M.Y. and Kawai, K. A modified process for
soy sauce fermentation by immobilized yeasts. Agric. Bio. Chem.
55:269-271 (1991)

Ryu, B.H., Kim, S.J. and Shin, D.B. Lactic acid, ethylalcohol and
4-ethylguaiacol contents of rapid fermentation of sardine soy
sauce prepared by using immobilized whole cells. Korean J. Food
Sci. Technol. 24: 456-462 (1992)

Ryu, B.H., Cho, K.J., Chae, Y.J. and Jin, S.H. Continuous rapid
fermentation of soy sauce by immobilized Zygosaccharomyces
rouxii BH-90 and Candida versatilis BH-91 using column type
reactor. Korean J. Appl. Microbiol. Biotechnol. 21: 366-372
(1993)

Kim, S.J., Shin, D.B. and Ryu, B.H. Continuous rapid fermenta-
tion of sardine soy sauce by using column type reactor packed
immobilized yeast cells. Korean J. Food Sci. Technol. 25: 154-
159 (1993)

Ryu, B.H. Continuous rapid fermentation of fish sauce by using
column type reactor packed immobilized cells. The Research
Reports of Miwon Research Institute of Korean Food and Dietary
Culture 5: 577-597 (1994)

Choi, K.S., Choi, C., Kwon, H., Kwon, K.I., IM, M.H., Chung,
H.C., Choi, J.D. and Hwang, C.S. Mass Production of Traditional
Fermented Soy Products by Biotechnological Technique —Studies
on the mass production of kanjang—. pp. 35-262. Ministry of Sci-
ence & Technology, Seoul (2000)

Yoda K., Urakabe, R. and Tsuchida, T. Enzyme electrode pro-
vided with immobilized enzyme membrane. U.S. Patent
4,240,889 (1980) '
AOAC. Official Methods of Analysis. 16th ed. Association of
Official Analytical Chemists, Washington, DC, USA (1995)

Yonsei University. Yonsei University Methods in Laboratory
Experiments of Foods. pp. 725-727. Tamgudang publishing Co.,
Seoul (1975)

Japanese Soy Sauce Research Institute. Methods in Shoyu Experi-
ments. pp. 140-150. Mitsuosa printing Co, Tokyo, Japan (1990)

Lee, C.H., Chae, K.S,, Lee, S.K. and Park, B.S. Quality Man-
agerments in Food Industry, pp. 98-160. Yoorim Munwhasa,
Seoul (1982)

(20023 109 49 A< 20029 129 30 A=)



