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Soysauce Production Using Bacterial-Koji Mixed with Seed-soysauce Starter

and the Effects of Salts on the Characteristics of the Soysauce

Song Hee Moon - In Cheol Kim" - Hae Choon Chang’
Dept. of Food and Nutrition, Kimchi Research Center, Chosun University, Gwangju, Korea
Dept. of Food Engineering, Mokpo National University, Jeonnam, Korea®

ABSTRACT

Soysauce was prepared using bacterial-koji fermented with Bacillus subtilis DJ1 and a soysauce
starter culture, Bacillus velezensis SS360—1 isolated from Korean traditional doenjang and
seed—soysauce, respectively. Two kinds of soysauce (soysauce using purified salt and soysauce
using 4-year aged solar salt) were prepared to investigate the effects of salt on the quality
characteristics of the soysauce. The soysauces were fermented at 18°C for 6 months and their
characteristics were investigated. The moisture contents, pH levels, salinities, and sugar contents
of the soysauces were 70~71%(v/v), 5.0, 28%(w/v), and 32~33 ° brix, respectively. In organic
acid analysis of the soysauces, the oxalic acid levels were highest among the organic acids detected.
The contents of organic acids in the soysauce were similar regardless of the salt used. The total
nitrogen contents were determined to be 0.80~0.83%(w/v), which satisfied the KFDA soysauce
standard. High levels of free amino acids (3,391.34~3,757.32 mg/kg) were determined. In particular,
significantly large amounts of glutamic acid (649.01~713.72 mg/kg) were determined. Such values
of the soysauce resulted in a high score of overall acceptability through a sensory evaluation.
The higher contents of free amino acids, especially glutamic acid, were determined from the soysauce
using 4-year aged solar salt. Therefore, soysauce using 4-year aged solar salt showed higher
scores of flavor and taste and overall acceptability than the soysauce using purified salt.
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Table 1. Viable cell counts of B. subtilis DJ1
in a mixture of roasted wheat and
bacterial-koji in NaCl solution

Addition ratio B. subtilis DJ1

(Roasted wheat : bacterial-koji) (CFU/g)
21 3.0x10°
41 1.8x10°
6:1 1.5%10°

Bacterial-koji was prepared by using B subtilis DJ1.
A mixture of roasted wheat and bacterial-koji in
3%(w/v) NaCl solution was incubated at 37°C for 24
hr, thereafter viable cells of B subtilis DJ1 were
counted on a TSB plate.
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Fig. 1. Manufacturing process of soysauce.
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Table 2. Viable cell counts of B. velezensis SS360-1 in suspension of roasted wheat in NaCl solution

Unit: CFU/g
Inoculation amount fncubarion time 0 hr 6 hr 12 hr 24 hr
2%(v/w) 1.50x10* 4.0x10* 5.0x10* 5.5%10*
3%(v/w) 2.00x 10* 3.7x10° 2.1%10° 3.6x10°
5%(v/w) 4.00x10* 5.0%x10° 1.1x10° 5.1%10°

Overnight cultivated B velezensis SS360-1 was inoculated 2, 3, 5%(v/w) respectively in suspension of roasted
wheat in 3%(w/v) NaCl solution. The suspension was incubated at 37°C for 0, 6, 12, and 24 hr, and then viable
cells of B velezensis SS360-1 were determined on a TSB plate.

el A P2 AZET B ATelel

PAZPRE TGS W, F Rl 2] fA}

A} Aol vha o] AeHr). 7|&] JhF
2 FRE A elME 24 ARE st
3} S oF 10:6~10:10 W|S-Z viErel 3 Aspergillus
&S AJEste] aAIY BEEE T ZAL A
ZEH 7)o £gES Fo] IATIeR of o7
oA 133 L EAIITHChoi et al. 1999b; Choi et
al, 2010). & 7} HEE doyle G402 FH
H FA] 100%)] AFES ol HE - SA4TS ¢

&

=
Utk & AN = AREE 3 U] 3
1

10:9.50.% 7] a]e] wighil &3} fALgH

o

velezensis SS360-1 vl okl o] ALgoke A ALgH
A=@FH 4] Aeld dAse] A 7)o
oF 8.600°ll E3Fsitt. oje} o] e kel ma
AEZA) Ao zn g Azt s 2 A
ToA ARRE ATE ZA| B subtilis DJ13F
3fn) A8 Fw B velezensis SS360-19] thE 2t
Aatg dFEHY £& E4(protease, amylase)
A4S el wlEoE Al EctH(Moon et al,
2018).

¢

— O

wWJth(Table 3). Choi et al (2013)¢] ®ile] wh=w
71 B g2zde] REE 70.0 £ 2,0%0]
W, 71el 2Rt RS 63.5~75.4%¢2kaL
Bk ul gtk B Aol Azd 259 1 o
Al 7122 T AR sk H LU
TS UeEhIH

Table 3. moisture content of soysauce

Soysauce Moisture(%)
Soysauce using purified salt 71.00 + 0.68
Soysauce using four—year aged 7020 + 081
solar salt

t—value 1.303

Data represents mean + SD(n=3).
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YAJtHKwon et al, 2010; Shin et al. 2010; Choi
et al, 2013; Song & Lee 2013).

Az 7] dme HA QTP 28.47 £ 0.25%,
43S AL AL 28,87 £ 0.15%2 YERAITH
(Table 4), o= Uukzel 714e] A%19.8~30.8%
okl 3 P‘c Zrolth(Kim et al, 1996). %"%
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Table 4. pH, salinity, and sugar content of soysauce

Sugar content

Soysauce pH Salinity (%) ¢ brix)
Soysauce using purified salt 5.09 + 0.05 2847 £ 0.25 33.65 £ 1.10
Soysauce using four—year aged solar salt 5.01 + 0.09 28.87 £ 0.15 32.65 = 0.70
t—value 1.439 -2.157 1.528
Data represents mean + SD(n=3).
Table 5. Organic acid contents of soysauce
Unit: mg/100g
Soysauce

]

Organic acids - — - t-value
Soysauce using purified salt  Soysauce using four—year aged solar salt

Oxalic acid 25,862.08 + 244.26 25,588.80 + 366.52 1.075
Citric acid 7941 £ 1.37 65.55 = 111 13.615
Malic acid 839 £ 0.05 6.07 £ 0.25 15.761°""
Formic acid 206 £ 012 200 + 0.08 0.721
Lactic acid 13446 + 1.29 10232 + 1.38 29.469"""
Acetic acid 78.56 £ 025 4720 +  0.69 74.012"""
Succinic acid 41.13 £ 0.03 1944 + 0.24 155325
Total 26,206.10 + 493.80 25,831.39 + 735.99 1.465

Data represents mean + SD(n=3).
D Significant at * p<0.001
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3 % cHChang et al, 2010), & Aol A A 2o 2 2P W] & A (total nitrogen) o 713+
Z3F oM o9} o] &2 oxalic acid7} HE o] gn|E AA3l= T3 H=o]tiKwon et al,
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ol A9 FARgE Ho s yETh Atk ole AEFTA A W 14 FHA T
0.8% °o)4e F=3= o2 (Ministry of Food and
4) 2R A 9 gofu|y Ak Drug Safety 2017), A% 7H3 2% 25 3034 &4
g 22 ARolA fre FHE A A Aeshe ERlE it
Table 6. Free amino acid contents of soysauce
Unit: mg/kg
. ) Soysauce
Amino acid - — - t—value?
Soysauce using purified salt Soysauce using 4-year aged solar salt
Aspartic acid 84.01 + 0.30 7416 + 0.34 5651
Threonine 3756 + 0.12 2298 + 0.24 94.113"""
Serine 55.35 + 0.53 4830 + 0.19 21.688"""
Glutamic acid 649.01 + 6.97 71372 + 0.63 -16.015"""
Sarcosine 10571 + 1.06 17531 + 0.20 -111.755"""
Glycine 6198 + 0.11 60.46 + 0.09 20.290""
Alanine 186.20 + 0.03 204.82 + 0.63 -51.134""
Citrulline 5736 £ 0.32 5991 + 0.13 -6.793""
Valine 294.16 + 0.31 250.66 * 0.51 126.242"""
Cysteine 0.00 + 0.00 156.12 + 2.67 -101.411"""
Methionine 84.65 + 0.28 89.10 + 0.22 -21.645""
Cystathionine 31.70 £ 0.19 36.61 + 0.04 -43.209"""
Isoleucine 23567 + 1.77 23581 + 0.01 -0.137
Leucine 53847 + 2.33 582.01 + 0.46 -31.753"""
Tyrosine 26429 + 276 27139 + 0.73 -4.308"
Phenylalanine 283.00 + 244 317.41 + 0.75 -23.726"""
¥ —Aminobutyric acid 6523 = 0.03 71.12 £ 043 -23.668"""
Tryptophan 53.63 = 0.16 5487 + 0.94 -2.252
Ornithine 65.52 + 0.06 48.68 + 0.43 67.181°""
Lysine 60.91 + 0.06 5785 + 0.06 62.462"""
Histidine 7468 + 3.53 71.12 + 0.89 1.694
Carnosine 31.61 + 001 43.06 + 0.10 -197.336"""
Arginine 2872 £ 0.02 5274 £ 0.06 -657.815"""
Proline 4192 + 0.17 59.17 + 0.28 -91.212"""
Total 3,391.34 + 3.69 3,757.32 + 3.99 -116.721"""

Data represents mean = SD(n=3).
Y Significant at 'p<0.05, “"p<0.01,

kK

p<0.001
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Table 7. Sensory evaluation of soysauce
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(o]

FF wm 2 g Sh “hﬂr 2

zala o]Z2E] 239 7H4H(NaCl OSE, Xé}ﬂ‘é{}
&t 22.0%, 4954 A 21.9%)S AlZ3H

Ao FEFLE 70~71%, pH
% 32~33 ‘brixZ YERYo] Al
e B A7EolM Y el =AM HE
I} Sk Ao ERdth Az 7] £ B
A A} oxalic acidZ} 71 A AEHNLH AL
Zgel W f710 24 3 gk Abol= A9 f
ARk Aoz Jehgdt) 7o) uba gknjo) &
BAAE Holx 84 g felopn|at 2

2 o :{

Soysauce
Item - — - t-value”
Soysauce using purified salt  Soysauce using four—year aged solar salt

Nutty flavor 29 + 08 38 + 09 -2.500°
Nutty taste 27 £ 06 38 + 06 -4.092""
Salty taste 24 £ 14 26 £ 1.2 -0.497
Sour taste 29 = 0.7 3.1 £ 08 -0.555
Sweet taste 27 = 08 32 £ 09 -1.282
Bitterness 27 £ 0.5 3.1 £ 05 -1.265
Off-odor 23 + 05 25 = 08 -0.658
Color 26 = 0.8 35 £ 05 -2.818"
Overall acceptability 28 £ 1.0 3.0 £ 08 -2.133"

Data represents mean + SD(n=3).
D Significant at ‘p<0.05, ~'p<0.01
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ol FAa R 0.80~0.83%(w/v)E AEEd
& e A FEA R 0.8% oS
ek, gk frejopuiest EA oA 2F0] I B
glutamic acid7} 7P 7] Yl on ol Aldd
FA 9 7k g 2ot o] 3 G 48 (protease,
amylase) 2 SAJo] 71218k Aoz AlgHc} A&

=
agdl i Frejopr]at ghFES 4353

=)

Ggo] o & 7S eE
o] dre} FrjolLo] AL 7he] vtE - &4
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A= UYL protease B4 Bt £31 A]Z
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