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Abstract

This study investigated conditions necessary for factory production of traditional Korean
soy sauce flavors, using Bacillus licheniformis SSA3-2M1. We determined whether the flavors
were good or bad by comparing sensory evaluation values and the contents of the main taste
components of traditional Korean soy sauce with those of the manufactured soy sauce. The soy
broth was cultured by Bacilius licheniformis SSA3-2M1. By providing from 1/3 vvm to 2/3 vvm
of air, and a culturing time of 412 hours at 30°C, we produced the taste of traditional Korean
soy sauce; moreover its PH was in the PH range of traditioal Korean soy sauce. The distribu-
tions of the main taste components and the amiho acids, free sugars, and organic acids in the

manufactured soy sauce were similar to tradituioal Korean soy sauce.
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Fig. 1. Preparation of soybean extract medium
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Table 1. Conditions of fermentation

jar fermentor No. Temp. (*C) Agit. {rpm) Air (SI/min) Medium Vol. (1)
1 30 2 3.0
2 30 1 3.0
3 30 0.1 3.0
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Sample 5 ml
Amberlite 1R—120

[—— 2N—NH, OH 100m!

y Ambrrllte IR—410 concentration
1.5N—{NH,},CO, concentration Free Amino Acld
100 mi
concentration — O0.1M citrate
Free Sugar buffer (pH 2.2)
Drying with P, O, 3ml
in desiccator for H, O 1.5 ml
one overnight Amino Acld Autoanalysis
HPLC
Non-volatile
organic acid
. |—ethyl ether 20 mt
methylation
Gas Chromatography

Fig. 2. Procedure for the separation fo amino acis, free sugars and organic acids by ion exchange chroinatography

Table 2. [Instrument and operating conditions of high Table 3. instrument and operating conditions for gas
Rressure liquid chromatography chromatography to analyze nonvolatile organic
: aclds
Instrument : Waters Assoclates Inc.
Milford, MA 01757, USA Instrument : Shimazu GC—8A
Detector : Differential Refractometer R410 Column : Chemically bonded fused sitlica capilarly
Column : Carbohydrate Analysis (Waters Co.) column (CBP20—W12-100)
Mobile Phase : Acetonitrile / water = 80/20 Injection & Detector temp. : 200°C
Solvent flow : 1.0 mi/min Column temp. : 60—150°C (increase 8°C/min)
Carrler gas : N, (25 mi/min)
Range : 10° Attenuation : 1
Detector : FID Chard speed : 5 mm/min
| N, gas 6 mifmin J “
l Table 4
. Instrument and operating conditions for
f Test Tube 1 J Ether 10 ml chromatography t':: amlny'u volatile orunlt::clds
f Test Tube 2 J Carbitol 2.1 mi + Ether 2.1 mi Tnstiument : Shimazu GC—8A
+ KOH 3 ml + (P-toluene sulfonyi- Column : 10% PEG 6000,3mm x1m
N-methyl-N-nitrosoamide 2gr In Detector : FID
ether 20 mi) 5 mi injection & Detector temp. : 200°C
Column temp. : 150%
[ TestTube3 | Organicacid in ethor 20 mi Carrier gas : N, (40 mifmin)
Range : 10?
Fig. 3. Methylation of non-volatile organic acids Attenuation : 64
4. fHi= A

AL 23§ A&l H,SO& 7}3td Table 48} 3L GC
270z 434t BT5AAE Y W5 panele $EFHTA #5A
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Table 5. DO, PH, color, cell number and odor of broth culture by Bacillus licheniformis SSA3-2M1 depending

on air conditions

Item
%. DO PH color cell No. odor Taste
'&4» [
Timee | 112131 2 3 1 2 3 1 2 3 1 2 3 11213
(hrs)
0 [4.9]4.714.715.71(5.60{5.72| light light light | (9) | (8) | (8) | asavory | asavory | asavory |- |- |-
beige | beige | beige |1.05{3.29/9.59| soybean | soybean | soybean
3 15.4/5.114.5/5.81]5.77|5.72 ” " " 9 | @8 | (9 " ” v = -0
1.4113.57(1.04
6 15.4(5.214.0{6.00{5.90(5.98 "’ " " (9) | 8 | (9 " ” “ ==
1.4717.5311.09
10 [5.35.010.8/5.4915.51} ~ ” ” @9 1@®1@; "~ “ - - -
. 1.72 'i6.80]1.37
12 [5.1{4.3{0.6 | " ” "o " " ” - 1=~
15 |1.9)1.4/0.1]5.69)5.72]5.58 " “ " 9) 1 (9) " " “ -1-1-
2.80(2.24
18 [0.1}0.1{0.1 " ” " ” " - 1= -
23 17" 1" 15.45(5.50(5.33 " “ " (10) [ (11) 1 10) “ " 7
9.87]1.08(7.63
30 |7|"|" |5.74]5.52(5.28] ” " (11) | 10) | (10) " " " -1
: 3.36}4.55|1.40
45 | 71717 15.90{5.8115.52] khaki | khaki | light |(11)|(11)|(10)| afish |a weakly |aweakly |- |- |-
khaki 16.90{2.73]7.21 like fishlike | sourish
Meju Meju soybean
52 “1” 1" 16.1516.04]5.82 " " “ (12) | (11) 1 (10) " i ” -l
1.2213.36(1.93
5 " 1”1”16.2006.10]5.95 " " “ (12) | (11 | (20) " " " I e
1.1215.25)5.42
68 |~ 1”1~ 17.0116.1215.99] yellow | light | khaki |(12)](11){(110 a a " -l-1-
oak | yellow 1.82(9.0312.03( sourish | sourish
koak Neju Meju
76 0.9 “ | ” 17.3815.94}5.82 " " " {(12) 1 (12) [ (1D) an an a - -1 -
1.43|1.0211.30| uapleas | unpleas- | sourish
ant Meju | ant Meju Meju .
9% {4.0{0.10.1{7.80{7.14/6.01 ” " " (1D )(11)1(11) ] aweak | a weak aMeju |-|-]-
2.4515.11(2.35| oy sauce | soybean
with pu; paste
al smel
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Table 5. (continued)

Item
) DO PH color cell No. odor Taste
3,
e | 1]21301 23 1 2 3 (1{2/3 1 2 3 11213
Chrs)
124 [5.4] 7| “ {7.86(7.5815.92 yellow | vellow { khaki |(11)](11)|(11) “ a weak an i e
2.66{2.3112.10 soy sauce | unpleas-
with pupal ant Meju
smell
143 15.4{1.210.1)7.7317.8416.16 . light |(11)|(11) [ (11) fa soy sauce ” . --1-
yellow {1,82(2.8012.63with pupal
oak smell
148 15.5/3.2{0.1}7.86|7.94[6.16| brown | brown " - -t -1-
gold gold
167 3.9)0.1/8.01)8.2216.18 " (1y | (1) 4 a soy_ " -1~ -
1.4713.36 sauce with
pupal smell
193 4.710.1 8.1616.35 ” (11) | (11) “ “ ” - -1 -
2.38]1.47
210 | 5.0{0.1 8.20(6.30 " ” (1) | (1) “ ” ” -{-1-
2.7715.25
242 16.7/5.410.117.61]8.33!6.64 ~ " Qy fan tan " " “ -1-1-
2.56(3.11(5.95 _
338 0.1 6.80 ” ” éltli% i " asoy.th --1-
. sauce wi
{ bupalsmel]
412 0.8/6.76]7.6717.76 “ yellow §(11) | (11) | (11) " " " *A*Al -
oak |5.10(6.03{1.54
528 4.5 8.90 -
596 5.2 8.20 1) ” -
1.7
710 5.4 8.13 brown (11) B
gold 1.20

Az (8) 1 x10% (9 x10°: (10) . X10%, (11) : X10%, (12) : X10"*~ : undetected
+ A: a saity and weak soy sauce
= B: a salty and unsavory soy sauce
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Table 6, DO, PH, odor and taste of traditional Korean soysauce

Year DO PH COLOR ODOR TASTE
1 1.0 4.4 a dark brown a savory soysauce a sweet soysauce
6 4.9 6.8 a dark brown an unpleasant soysauce a salty soysauce
‘ 10 2.4 ‘ 7.1 a dark brown a boiled soysauce a salty soysauce
Table 7. Compositions of amino acids in broth cultured by Bacillus licheniformis SSA302M1
(mg/100 ml)
‘amino acid
Jfg time(hr) | Asp Thr Ser Glu Pro Gly Ala Cys Val Met
No. 76 8.54 6.97 14.66 | 33.88 | 34.63 3.07 7.35 1.08 | 25.17 | 11.19
96 8.34 | 14.92 20.89 | 52.80 | 62.21 | 11.43 9.09 0.00 | 29.74 | 17.91
1 124 28.75 | 25.95 29.20 | 97.22 | 113.37 | 19.87 | 17.37 19.80 | 32.38 | 25.28
242 30.80 | 28.86 16.47 | 74.98 | 98.95 | 19.23 9.92 17.84 | 33.26 | 28.14
412 42.33 36.58 | 21.57 | 102.24 | 157.50 | 25.42 | 19.28 | 30.37 | 39.98 | 40.34
76 | 1.60 4.82 2.29 | 19.92 | 82.03 0.93 1.64 0.00 | 12.48 2.46
96 3.39 | 13.13 10.76 | 33.16 { 224.42 3.60 5.31 0.00 | 2020 | 14.21
2 124 15.82 | 19.30 21.06 | 56.39 | 77.63 ) 11.57 | 14.87 | 14.06 | 26.97 | 19.19
242 3.94 3.35 173.40 76.03 | 179.43 | 11.71 3.98 | 16.49 | 32.82 | 32.73
412 18.92 50.30 101.85 | 222.60 17.28 5.1% 19.64 38.00 38.00 35.98
76 1.90 2.86 3.23 12.03 25.73 1.72 1.90 0.00 12.70 4.31
124 3.94 0.00 6.98 17.93 | 72.10 0.65 0.24 0.60 | 25.39 | 11.25
2 242 10.78 | 16.04 15.54 | 3—.79 129.13 4.17 8.79 14.13 | 31.32 | 28.49
412 9.58 3.44 17.66 | 22.73 | 199.59 1.15 4.84 13.07 | 31.72 | 27.42
710 23.06 | 18.94 15.92 | 50.98 | 214.92 | 10.92 8.47 7.57 | 32.42 | 27.53
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Table 7. (continued)

-amino acid
Jfg timefhrs)] Asp Thr Ser Glu Pro Gly Ala Cys Val Met
No. 76 27.35 | 34.48 | 26.23 | 48.88 | 25.54 0.00 20.89 1.7 6.21 | 336.12
9% 32.56 | 38.56 | 33.84 | 57.05 | 17.16 0.00 15.46 3.34 | 61.27 | 483.17
1 124 35.27 40.19 36.42 63.48 31.59 0.00 24.12 4.11 60.16 | 700.42
242 36.45 | 40.83 | 42.87 | 64.30 | 29.97 0.00 20.06 4.40 | 36.78 | 589.59
412 35.32 | 39.25 | 37.30 | 71.11 | 25.25 8.19 33.19 5.04 | 10.65 | 776.07
76 12.49 | 21.79 | 13.66 | 28.74 | 26.65 0.00 6.19 1.47 1.24 | 238.93
9% 26.86 34.19 41.99 53.46 24.96 0.00 9.10 2.28 59.84 | 589.70
2 124 31.09 | 36.45 | 40.16 | 54.21 | 25.95 0.00 21.76 3.42 4.96 | 491.43
242 32,76 | 35.32 | 39.75 | 62.81 | 22.05 7.81 19.31 5.10 3.66 | 597.34
412 37.78 | 41.61 | 48.04 | 71.80 | 21.12 8.58 31.19 5.47 6.92 | 780.80
76 14,31 | 25.38 | 12.98 | 27.19 | 27.00 0.00 8.61 2.40 2.74 | 184.59
124 25.87 | 32.46 | 29.15 | 44.73 | 34.33 0.00 6.19 1.70 | 33.46 | 347.07
3 242 34,73 | 30.06 1.09 | 42.06 | 26.13 8.87 17.32 2.01 | 11.95 | 461.39
412 34.48 | 36.60 | 45.80 | 61.08 | 22.58 6.97 22.81 5.58 7.32 | 568.84
710 33.10 | 35.47 | 40.16 | 60.27 | 16.96 6.20 24.34 3.44 5.29 | 635.52
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Table 8. Composifions of amino acids in traditional Korean soy sauce
(mg/100 ml)
S.S |AA. year] Asp Thr Ser Glu Pro Gly Ala Cys Val Met
1 238.68 | 355.92 | 438.81 | 1179.12 | 982.71 | 248.43 | 569.22 52.41 | 521.19 | 212.52
* 6 130.17 | 106.92 18.00 433.651 1216.35 | 222.63 | 374.43 | 311.10 | 289.92 53.49
T 10 120.03 99.84 | 33.570 | 260.252 49.11 82.56 72,18 21.63 57.69 35.18
K ;‘}e-g; Heu | Lew | Tyr | Phe | His | Trp | Lys | NH, Total
S 1 457.14 | 615.93 | 205.26 | 432.818 | 493.74 | 518.13 2.91 14.16 7569.09
S 6 232.44 | 335.16 | 123.75 | 162.935| 248.16 | 374.19 85.23 8.34 4726.86
10 12.81 16.41 64.71 66.45 182.58 | 319.83 73.56 7.14 1579.53

*TKSS : Traditional Korean Soy Source

Table 9. Compositions organioc acids in broth cultured by Bacillus licheniformis SSA3-2M1 (mg/100 m))

Volatile Organic Acid

Non-volatile Organic Acid

for. | bemods | umas | TR | Gumhy | CaeT | Vasre | Puafe | Suape
-No. (hrs) acid
76 0.00 0.00 0.00 0.00 0.12 0.00 0.18
96 trace trace trace trace (.13 0.00 0.67
1 124 trace 4.00 4.00 trace 0.30 0.05 0.58
242 trace 4.00 12.00 trace 0.33 trace 0.27
412 11.00 6.00 24.00 trace .25 trace 0.50
76 68.00 0.00 trace trace 0.45 0.35 0.21
96 42.00 5.00 45.00 trace 0.06 trace 0.30
2 124 44.00 2.00 3.50 0.00 0.33 trace 0.13
242 4.00 trace 9.00 0.00 0.30 0.00 0.30
412 4.00 trace 16.00 trace 0.30 0.16 0.31
76 5.00 94.00 0.00 0.00 0.12 0.38 0.12
124 84.00 56.00 treace 0.00 0.13 0.03 0.12
3 242 120.00 27.00 1.00 treace (.40 0.06 0.50
12 165.00 4.00 8.00 treace 0.52 0.00 0.19
710 112.00 4.00 16.00 trace 0.33 0.00 0.23
4 1** 11.28 9.95 0.74 33.12 0.65 0.00 1.51
Is( 6** 27.81 2.63 6.06 40.00 0.82 5.40 0.30
S 10** 11.70 1.99 7.04 2.29 0.87 0.42 0.00

*TKSS : Traditional Korean Soy source
LLI years




Vol. 8, No. 2, (1992)

Table 10. Compositions of Free Suagars in broth cultur-
ed by Baclllus lichenlformis SSA3—2MI

(mg/100ml)

::;. ;-::::::' . Glucose Fructose Sucrose
76hrs 0.00 0.00 0,00

96 0.37 9.83 0.00

1 124 trace trace 0.00
242 2.60 0.14 0.00

412 7.91 0.00 0.00

76 0.00 0.00 0.00

96 0.14 0.00 0.00

2 124 0.12 0.46 0.00
242 0.00 8.31 0.00

412 33.97 0.00 0.00

76 0.00 0.00 0.00

124 0.31 trace 0.00

3 242 31.03 0.00 0.00
412 6.40 0.00 0.00

710 13.27 0.00 0.00

;. lyear 0.33 0.55 0.60
K 6years 2.37 3.57 0.00
2 loyears  0.88 235 1.99

*TKSS : Traditional Korean Soy Source
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