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Abstract

This study evaluated quality characteristics of soybean fermented by selected lactic acid bacteria, which were the
enzyme strains with high antimicrobial activities isolated from traditionally prepared soybean paste. We determined
total aerobic and lactic acid bacteria counts, protease and amylase activities, reducing sugar and amino-type nitrogen
contents, and the amounts of amino acids, organic acids, and aroma-compounds. The total aerobic bacteria counts
in soybean fermented with strain 113 (7.75%x10° CFU/mL) were the highest among all the strains analyzed. Lactic
acid bacteria numbers were 2.85x10° to 4.35x10° CFU/mL in soybean fermented with isolates. Amylase and protease
activities of the JSB22 sample were the highest among all sample. Reducing sugar and amino-type nitrogen contents
of soybean fermented with JSB22 (1.23%, 94.52 mg%) were highest. Total amino acid content of the samples
was 15.88-17.62%, and glutamic acid, aspartic acid, leucine, lysine, and arginine were the major amino acids. Lactic
acid (0.82-3.65 g/100 g), oxalic acid (22.74-63.57 mg/100 g), and fumaric acid (2.88-6.33 mg/100 g) were predominant
organic acids. A total of 39 volatile aroma-compounds were identified, including 2 esters, 5 ketones, 7 alcohols,
14 hydrocarbons, 2 heterocyclic compounds, 4 acids, and 5 miscellaneous compounds. These results represent useful
information for the development of a starter (single or complex) and will be used for production of functional
fermented soybean foods.
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2 fakres EEFRA HESATE Lee 5(8)2
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A243A A235 (2017)

S48t a, Akt S = MRS agar(Difco, Sparks, MD,
USA)ol| =23} gas pack(Oxoid, Hampshire, England)<
o] gslo] Ay Ao = HioK37TC, 48 h)3t & AHE Al

3o colony forming unit(log CFU/mL)Z YERY AT

Protease E4&X

Protease®| 2/3-2 Kim 5(13)°] W= W sto] S5t
Atk AR FE9 1 mLol 0.6% casein’] 28902 M
phosphate buffer, pH 7.00& 911 37TCol|A] 1083 ¥Fg-A1 7
t}. ¥k-2- & 0.44 M trichloroacetic acid(TCA) 5 mLE ¥
W8-S SAAI AT Aol A 3087 WA & thE o2
(No.2, Whatman, Buckinghamshire, UK)®l| ]2}t of < 2
mLell 0.55 M Na,CO3-8-9 5 mL2} 48] 3]41% Folin reagent
£ 1 mLE 9ol A-2e4 3027t vH&A1Z1 F, 660 nmol]
A FHEE 45t ETEA tyrosine(Sigma Co., St.
Louis, MO, USA)S @5 o 2 3|4 slo] S o w
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tyrosine 1 pg= A7 E G ks YeERITh

a-Amylase 453

a-Amylase 2] 572 DUN(Dextrinogenic unit of nagase)
ol oJste] SBIATHS). 1% 7HA A E(in 0.02 M
phosphate buffer, pH 7.0) 3 mLell A|& 2 1 mL A7}t
o} 40Tl A 1087 WH-A1Z1 &, 1 M HCL 10 mLE 713}
S-S SAA AT 8.2 €9(0.005% 1,+0.05% KI) 10
mLS Y3 TAAIZ] T 660 nmol| A SHEE S5
FAEE 1 MHA 10 mLE 9ol ¥ T4 ¢ A 5529
= 2ol Bk A7l &, HAAA SH AT 2 AN |
mLo] 1& ¢ AE 0.1 mgs 3l S 1 wmite = A4

sk

ofolef H4 HTEH

opn] - F4 FHEFe Formol AW (14) 2.2 24 319]
th A8 FE89 5ml, 4 formaling 10 mL ¥ 57
4 10 mLS £33+ £99)| 0.5% phenolphthalein-8-2 2-31}
= 7FeF %, ©]o] 0.1 N NaOHE 7}ste] w|g-4o] 2 w74
o] A% & blank test®] 27 F3 o] &t &G

[¢]

selg sy

S EFe dinitrosalicylic acid(DNS)H(15)2.2 =34
3}tk DNS A19F 3 mL#} 8|48 Alg 589 | mLE
7hetar 377C, 5E3F WS, WAAIZ] ths 550 nmell A
FREE S8 o, glucoses ©] &3 FFFHOZT
H 49 s ArEshath
72| ofo|ed S ®I4H EEMEA

A
F2] op Akt Lee 5(16)2] WS ©]§-3}]

i\



Quality characteristics of fermented soybean products produced by lactic acid bacteria 189

Akt A& 39 70% ethanol 30 mLE 7}ete] #A3K1
3k 3, AAEE] (21,000 xg, 15 min) 3T AT S
70% ethanol 25 mLZ 23] ¥He F&3l1 359§l
74t HE3k9l o, o] 2 002 N HCI 20 mLell 0] 3 108)
3] A5k 0.45 pm membrane filter2 o3 ¥}3F & ofm]| - Ak
AH5- 52 7] (Blochrom 30, Biochrom Ltd., Cambrdge, UK)Z
o] gato] ATt

714 & BAE 918 A8 3 g& 50 mL volumetric
flaskel] Y1 SF5 30 mL= H71et § g A|E Bt 4
g} etk Aoz A3 & FHRS 718, S0mLE &
Stal filter paper= %3t & 0.45 um filter= o 75}
Alggdoz ALttt f714 BEEES A5} 5Y
sHAl Aelet & A 2] A 52 ARgsslth 714t
B2 913 7]7]= HPLC(Agilent technologies, Palo alto, CA,
USA), column-2 cap cell pak C18-AQ(Phenomenex, Torrance,
CA, USA), detector= UV 210 nm, mobile phasex= 0.1 M
NHH,PO,(pH2.5)Z- isocratic 271 0% AF-5}%1 ™, flow rate
= 1.0 mLmin®] Aoz BAsec)

871 24
A& 2 goll FZ&vl(diethyl ether: pentane=1:1) 10 mL<
7kl A'FE20C, 15 hygt ¥, 941+-2](10,017 xg 10

Darmstadt, Germany) & HH5- oj3}ato] 4 A8 2 AE-S
Atk 7] AR 242 GC/MS(QP2010, Shimadzu, Kyoto,
Japan) & ©]-€-3}%] 12, A -2 HP-innowax(60 m/ID 0.25 im,
Agilent, Santa Clara, CA, USA)E A3l th LEL%E
40°CoAA 53 &<t Al F 1329 2CH 230TC7HA] B
AR, 308 B¢ FASIATE Injection=+ 250C,
carrier gast= @ E(He)= ©] 4391, o7 52 0.74
mL/minZ 3}t 33HE $HS GC-MSZ A2 mass
spectrum< Wiley275 data base2 7213l F3tdt) 4
FEME st 7} sgtEe] #9250 ppm FE] UH
HFE2 4-methyl-2-pentanol(Sigma Co.)S ©|-&-3to] % 2
shaAtt.

A 24
@A 38 wEo R ZYsgon, FFAT f
o] 52 SPSS system(Statistical Pack-age for Social

Sciences, SPSS Inc, Chicago, IL, USA) soft-ware package
(version 12)& ©|&, p<0.055FCS-Z Duncan’s multiple

range testol] 2Jatod % kATt

Fig. 1. Pictures of soybean fermented by lactic acid bacteria isolated from fermented soybean paste.

(A), Control; (B), Lactococcus lactis 113; (C), Lactobacillus plantarum JSA22; (D), L brevis JSB22.
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Fig. 2. Total aerobic and lactic acid bacteria count of fermented soybean products by lactic acid bacteria isolated from fermented soybean
paste.

(A), total aerobic; (B), lactic acid bacteria.
Control, no inoculation; 113, Lactococcus lactis 113; ISA22, Lactobacillus plantarum JSA22; JSB22, L brevis 1SB22.
Error bars represent standard deviations (n=3). Means with different letters (a-c) above the bars are significantly different (p<0.05).
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Fig. 3. Enzyme activity of fermented soybean products by lactic acid bacteria isolated from fermented soybean paste.

(A), amylase activity, (B), protease activity.
Control, no inoculation; 113, Zactococcus lactis 113, ISA22, Lactobacillus plantarum JSA22; JSB22, L brevis JSB22.
Error bars represent standard deviations (n=3). Means with different letters (a-c) above the bars are significantly different (p<0.05).
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Fig. 4. Reducing sugar contents of fermented soybean products by
lactic acid bacteria isolated from fermented soybean paste.
Control, no inoculation; 113, Lactococcus lactis 113; ISA22, Lactobacillus plantarum
JSA22; ISB22, L brevis 1SB22.

Error bars represent standard deviations (n=3). Means with different letters (a-c) above
the bars are significantly different (p<0.05).
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Fig. 5. Amino type nitrogen contents of fermented soybean products
by lactic acid bacteria isolated from fermented soybean paste.
Control, no inoculation; 113, Lactococcus lactis 113, ISA22, Lactobacillus plantarum
JSA22; JSB22, L brevis JSB22.

Error bars represent standard deviations (n=3). Means with different letters (a-c) above
the bars are significantly different (p<0.05).
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Table 1. Amino acid content of soybean fermented by lactic acid
bacteria isolated from fermented soybean paste

Amino acid (%)

Control” 113 1SA22 1SB22

Aspartic acid 1.87 178 201 197
Threonine 057 0.54 0.60 0.57
Serine 0.83 0.82 092 0.86
Glutamic acid 318 290 330 322
Proline 090 085 095 091
Glycine 0.69 0.65 0.68 0.65
Alanine 078 0.75 079 0.75
Cystine 0.09 007 0.08 0.07
Valine 0.89 085 0.89 0.90
Methionine 020 021 020 0.20
Isoleusine 0.81 0.78 0.85 0.85
Leusine 1.38 128 1.44 136
Tyrosine 0.60 0.56 063 0.63
Phenylalanine 094 0.84 097 093
Histidine 046 044 047 048
Lysine 1.08 102 1.14 1.10
Arginine 131 130 146 142
Tryptophane 027 025 0.26 0.25
Total 16.83 1588 17.62 17.11

l)Comrol, no inoculation; 113, Zactococcus lactis 113; JSA22, Lactobacillus plantarum
JSA22; ISB22, L brevis JSB22.

A F EEES] f71ht e A9 23 Table
29} 2t} control®] 7d-%- succinic acid(600.15 mg/100 g)
9} oxalic acid(63.57 mg/100 g) T+ HEH N oH, ikt

Fote] gt F HEES F lactic acid’} 816.17-
3,654.55 mg/100 go. 2 7P B ks YERNS 2, oxalic
acid7} 22.74-33.54 mg/100 g Th&- o & ©tt} Control S

r#J

Table 2. Organic acid content of soybean fermented by lactic acid
bacteria isolated from fermented soybean paste

Organic acid (mg/100 g)

Control” 113 ISA22 1SB22
Citric acid ND? ND ND ND
Succinic acid 600.15 ND ND ND
Lactic acid ND 365455 332419 816.17
Oxalic acid 63.57 33,54 3205 274
Fumaric acid ND 3.92 2.88 6.33
Malic acid ND ND ND ND

1)Control, no inoculation; 113, Lactococcus lactis 113; JSA22, Lactobacillus plantarum
JSA22; JSB22, L brevis JSB22.
z)ND, not detected.
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A Q] 8lar BE ol A succinic acide HEEA] ko,
controlol| A+ lactic acid’} FAEEA] &4t} Youn S5(21)9)
AT B3N+ B subtiliss 353 Ao A= acetic
acid®} lactic acid2] gteFo] So|F o0& =kom B nanodl]
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HAtta Baste] 2 A Aaeh= Aol ol 2 gk
ztol= R 5 zfold 7|dlske o2 ey, wE
= AAE 71 el el ek a3 ohekst
Zhlol g = Aoz AlsdHh

S JES F dEEe] |E 5% 27 Table
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hydrocarbons 14, heterocyclic compounds 3E, acid 4°&
other 5%)°] AETAE 113 FF3 F HEEA 23F
o] g1dite] HEHNL ISARE HEe T EE= oA
34F2] 7%l ISBRE HES T LEE A= 19
o] g7l AZEHUT Al 7] dFoAM FEHLRE
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Table 3. Volatile flavor compounds content of soybean fermented by lactic acid bacteria isolated from fermented soybean paste

(unit: ppm)

Flavor compounds RT” (min) n3 JSA22 ISB22
<Esters>
formic acid, ethyl ester 7.076 2.87 202 1.74
acetic acid ethyl ester 8.495 51.37 56.74 44.79
<Ketones>
2-butanone 8.901 5.60 363 ND”
2-butanone, 3-methyl- 11.744 0.68 0.81 ND
cyclohexanone 59.011 ND 457 ND
1-pentanone, 4,5-dimethoxy-2,2-dimethyl-1-phenyl- 67.049 ND 3776 ND
3-thiolannone 84.883 ND 8.74 ND
<Alcohols>
2-hydroxypropane 9.974 ND ND 1.60
2-butanol 14.085 3.69 3.90 10.56
2-propanol 30.840 40.85 19.36 ND
(i 2 Sy 0 "> "> 181
2,3-butanediol 44.449 0.68 0.94 2.81
2-naphthalenol, 1,2-dihydro-1,1-dimethyl-, acetate 72.001 0.14 040 ND
1,1-dimethoxy-3,3-dimethyl-2-butanol 81.283 ND 0.54 ND
<Hydrocarbons>
cyclohexane, methyl- 6.104 16.12 16.81 1631
heptane 6.342 23 242 227
1,4-dioxane, 2,5-dimethyl- 9.838 0.82 0.81 ND
benzene 10.159 8143 82.56 98.54
benzene, chloro- 25.448 342 3.50 348
propane 41.968 95.23 79.33 ND
1-acetoxy-2,5-ochtodadiene 43.703 ND 202 ND
trans-9-fluoro-2,2,3,3-tetramethoxy-7,7-dimethyl- 1-oxaspiro[3,5]non-5-ene 44.058 0.68 0.94 0.53
hexadecane 50.188 0.82 1.08 0.94
naphthalene 56.034 0.82 121 4.14
methylnaphthalene 61.605 ND ND 8.16
1-phenyl-4-penten-1-yne 66.917 ND ND 227
(triethylsilyl)germane 73258 0.14 0.40 ND
cis-2,3-epoxyheptane 85.817 ND 3.76 ND
<Heterocyclic compounds>
2-acetyltetrahydrofuran 7.949 1.78 0.67 ND
pyrrolidine, 1-(1-isobutyl-3-methyl-1-butenyl)- 22.900 23.64 23.93 22.86
<Acids>
acetic acid 41.520 ND ND 90.65
1-cyclopentene-1-carboxylic acid 71.092 ND 19.36 ND
2-propenoic acid, 2-methyl 82.173 ND 202 ND
hexadecanoic acid, ethyl este 83.683 ND 457 ND
<Others>
disulfide, dioctyl 24.182 191 0.40 0.80
diethyldisulfide 25311 0.82 0.94 1.07
formamide, n-formyl-n-methyl- 65.152 751 8.74 ND
1-(1,3-benzodioxol-5-yl)-n-ethyl-2-propanamine 74.866 ND 3.50 ND
acetamide, 2-(diethylamino)-n-(2,6-dimethylphenyl)- 81.975 ND 79.33 ND

1’RT, retention time.
PM13, Lactococcus lactis 113; ISA22, Lactobacillus plantarum JSA22; TB22, L. brevis 1SB22.
3)ND, not detected.
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A A fAEE HEE T HaEe 2.85¢107-4.35%10°
CFUmLe % & a-Amylase &4 =% 23}
1137} JSA22E A5 3 YEES 1.05+091, 3.13£1.39
wnitmL O 2 7H4 gkl EEE JSB22E 12.56%+1.39
witmLe.2 At JF T LEE F P E=dth
Protease 24 =% A3}, control©] 333.13+17.68 unit/mL.-
=2 7V =5k S HFY F LR ELS ISBRE
AEE Z LFE0] 166.67+2.37 unitfmLO-E =gkth 29
TS 23 A faht HE T L8 E F ISB2v)
1.23+0.035% 2 7F¢ E=koh ofvlwe] A4 g w3t
JSB227} 94.52+3.86 mg% o A YET) ofn| Akt
&S =43 23} glutamic acid, aspartic acid, arginine,
leusine ©o = Wol st AT F7IAF ke B4
3+ A7} lactic acid, oxalic acid”} Zo] 3 A} 37| EA]
=2 A3} F 39F(esterT 2, ketose 5%, alcohol 75
hydrocarbons 14, heterocyclic cornpounds 3%, acid 4,
other 5%)°] AZHUT Al 7K TFelA FEA o=
benzene(81.43-98.54 ppm)¥} acetic acid, ethyl ester(44.79-
56.74 ppm)7} Bl AEHATE # AF= ASFF &
7164 T ARETE o] &3t FLEES] 72 F4E
ol Bk o= nAgESA b o]t i 54
EA et AAISFATE Akt o] & AEH Sl o] gk thek
gt 715 EZol A HAS ez A B AT
A} 7154 T REAA e 2L V287 2
Aoz A7tww, A7 FHAMND 7154 ZEE idel &
4 2 F Uds A= 7|gHEh

o
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