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Changes in Chemical Components of Cheonggukjang Prepared with
Germinated Soybeans during Fermentation
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This study was carried out in order to investigate the changes in chemical components of four
kinds of Cheonggukjang during fermentation. Three different kinds of Cheonggukjang were pre-
pared with germinated soybeans using rice straw, Bacillus natto, Bacillus natto plus Aspergillus
oryzae, and non-germinated soybeans using rice straw. The nitrogen contents increased significantly
during fermentation in all kinds of Cheonggukjang. Especially germinated soybean Cheonggukjang
prepared with 4. oryzae plus B. natto showed approximately 1.3 to 3.0 fold higher values than the
other Cheonggukjangs. Total free amino acid contents of all Cheonggukjangs increased with an
increase in fermentation time until 60 h. Lysine content was highest in Cheonggukjang prepared
with ungerminated soybean at 72 h of fermentation. Among free amino acids of germinated soy-
bean Cheonggukjang prepared with rice straw, glutamic acid was highest (3.64 mg/g) after 72 h of
fermentation. In Cheonggukjang prepared with mixed culture, glutamic acid content was 4.37 mg/
g. Total carbohydrate contents of Cheonggukjang decreased rapidly with an increase in fermenta-
tion time except the ungerminated soybean Cheonggukjang, and the total carbohydrate contents
varied from 9.81 to 14.04% after 72 h of fermentation. On the other hand, total carbohydrate con-
tents of ungerminated soybean Cheonggukjang prepared with rice straw gradually decreased dur-
ing fermentation. In conclusion, it is expected to increase the contents of functional constituents and
to improve quality characteristics of Cheonggukjang when it is prepared with germinated soybeans
using B. natto plus A. oryaze.
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Table 1. Operating conditions for analysis of free amino acid by
high performance liquid chromatography

Instrument
Column

Waters Associates HPLC
Grom-sil 100 ODS-2 FE, 5 pm column (4.6x250 mm)
Temperature 35°C

Eluent A 0.1 M ammonium acetate buffer (pH 6.0)
Eluent B 60% acetonitrile (v/v in water)
Detection Waters 486 absorbance detector (338 nm)

Injection vol. 20 uL
Gradient Time Flow

(min)  (mL/min) %A Yo
Initial 1.0 90 10
25 1.0 90 10
15.0 10 60 40
25.0 10 50 50

FYF. Park 5199512 Whiol wal A& 1 goll S/ 200
mLE &3 o 30°ColA 120 pmo® 2417k Wk &
10% TCA(WN in watenS 4F J7isk] dilzs 2dAz21
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ERARIC}. Wolg Hidl H=ge] 749w Alke] SR ot
2} opnlicE] A g sk A&HHoT Frlele] WE 604
Zhol| 93240 mg%=. HTES VERNSITE Huge B
60A17F o] Foll= 1 o] FUIRES HolR ggtom wE
TN 7 856.80 mg%2] obn|=AA FFERS el el
T 9z A uidolg WA A €E 36AIAE
H)S=g SeES Yehflont 3647 o]Fole nidelE wid
A4 obrlie] HAFHFo] 1Ak vy doby Wi A=
e F7Fhe Adoldt AaE Jeplisic
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Fig. 1. Changes in amino type nitrogen contents of Cheonggukjang
during fermentaiton.

Dsoybean Cheonggukjang prepared with rice straw

Agerminated soybean Cheonggukjang prepared with rice straw
3germinated soybean Cheonggukjang prepared with Bacillus natto
“germinated soybean Cheonggukjang prepared with Aspergillus oryzae
and Bacillus natto
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Fig. 2. Changes in ammonia type nitrogen contents of Cheonggukjang
during fermentaiton.

soybean Cheonggukjang prepared with rice straw

Jgerminated soybean Cheonggukjang prepared with rice straw
Igerminated soybean Cheongguijang prepared with Bacillus natto
Ygerminated soybean Cheonggukjang prepared with Aspergillus oryzae
and Bacillus natto
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7¥8t7] Aol @ 72A7bE 254.80 mg%s HUiEES
H2ao} 4 oryzaegr B. natto EHHTE ol-&g A4l A
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FE o848 AT fARE TS JERIITE Lee 511992)
2 5FRY e 455 oldsld AT Az A LB 60r
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dmjolel AATEE VERATAL Barstgiet. B3 Shon &
[20011= F=3olA daajzio] el aet dRuoe] 2
Aol A3 FrRIEd 24*}7P ol FZg TIHE Hol
™ 4877} o] Tl gkl vt 32 7hadhes AEE vEp
Aok RIS Sung S[198412 SPEUolE AiE wE
5 A%EM el 53] 28 1287 ol 43 5t
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asparagine =02 EQITH A (2A7HE A st @@ AZko]
Z7reel wEl & fElotrlelt o] Frlsl] i 36r7E
o 3431 mge2 A TFL HHom, dE 6047k o] Tl
233 F felopudt o] Fadtd WE A
20.72 mg/g2 YERT) fEjotrlieqt 2A4E HuEw, Havt
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F7lsle] ghE 6oA bl Zhzt 575, 5.68 H 527 mg/gE Hj
e B3k

B. nattoZ 3F31 HEAZ ol H=Fe] Z-9-(Table 4)
aspartic acid, asparagine, serine® A|¢J3taL W& Al7ko| SN
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Table 2. Changes in free amino acid contents of Cheonggukjang prepared with rice straw during fermentation

(Unit: mg/g dry basis)

Amino Fermentation time (hr)

acid 0 12 24 36 48 60 7
Asp 0.687+0.27 0.262+0.03 0.296+0.10 0.483+0.09 0.755+0.14 1.131£0.12 1.104+0.42
Glu 1.136+0.67 0.814+024 1.3670.16 1.8504:0.44 3.164£0.19 6.929+0.74 4.0300.45
Asn 0.809+0.15 0.14240.01 0.521+0.01 0.510+0.19 0.336+0.06 0.318+0.02 0.257+0.05
Ser 0.37740.13 0.133+0.08 0.346£0.07 0.390+0.19 0.461+0.16 0.614£0.17 0.574+0.24
Ghn 0.100+0.07 0.102£0.06 0.137+0.08 0.165%0.00 0.101£0.01 0.237+0.04 0.127+0.08
Thr 0.457+0.46 0.224+0.04 0.57120.04 1.69440.34 2.728+£0.36 3426038 2.818+0.53
His 1.238.40.00 0.108+0.01 0.379+0.33 0.609+0.51 1.743%0.11 1.938+0.34 1.1520.10
Ala 1.653+0.42 0.774+0.04 0.787+0.30 13474038 2.070£0.38 3.344%0.65 2.143£0.36
Arg 0.154£0.02 0.066+0.04 0.064£0.00 0.059+0.04 0.107£0.01 0.12120.01 0.300+0.15
Val 03594028 0.171£0.11 1.1770.60 1.867£0.51 2.49620.10 3.29441.00 2.50040.38
Met 0.320+0.12 0.067+0.03 0.83240.52 0.928+0.30 1.69040.21 1.460£0.09 1.553+0.24
Ile 0.747%0.13 0.051£0.01 0.329+0.28 0.701+0.35 1.430+0.57 1369021 13712025
Tip 0.431+0.29 0.244£0.08 1.453£0.31 1.38840.77 2.164+0.43 1.310+0.87 1.420+0.01
Phe 0.123%0.09 0.158+0.01 03334034 0.218+0.08 0350017 2.918+0.82 4334+0.67
Leu 0.12140.13 0.240+0.17 0318031 0.342+0.01 1.1930.49 23814038 2.615+0.70
Lys 0.248+0.14 0.2350.09 2.0490.88 2.943+0.60 5.257+0.19 7.446+0.15 6.063=1.14
Total 7.72240.21 3.791+0.07 10.959+0.27 15.494+0.30 26.045+0.22 382364037  32361+£036

Table 3. Changes in free amino acid contents of germinated soybean Cheonggulkjang prepared with rice straw during fermentation

(Unit: mg/g dry basis)

Amino Fermentation time (hr)
acid 0 12 24 36 48 60 72
Asp 0.689+0.16 0.156+0.06 0.370+0.15 0.574+0.13 0.688+0.20 0.708+0.26 0.562+0.14
Glu 2.3124+0.08 1.537+0.07 2.188+0.06 4.362+0.23 4.219+0.07 5.746+0.82 3.639+0.80
Asn 1.088+0.10 0.181+0.05 0.314+0.08 0.445+0.03 0.247+0.07 0.245+0.09 0.120+0.00
Ser 0.420+0.09 0.248+0.20 0.544+0.16 0.672+0.16 0.421+0.11 0.353+0.13 0.278+0.06
Gln 0.103+0.02 0.253+0.21 0.278+0.11 0.304+0.03 0.209+0.03 0.208+0.15 0.124+0.04
Thr 1.124+0.83 0.479+0.19 3.141+0.08 4,083+0.20 3.977+0.12 4.576+0.37 2.773+0.16
His 0.196+0.02 0.121£0.07 0.147+0.06 0.138+0.00 0.659+0.05 0.330+0.13 0.231+0.08
Ala 1.272+0.27 1.416+0.43 1.776+0.54 - 2.455+0.04 2.079+0.21 2.280+0.01 1.397+0.15
Arg 0.063+0.00 0.118+0.04 0.295+0.15 0.375+0.04 0.250+0.04 0.252+0.17 0.142+0.03
Val 0.687+0.33 0.635+0.17 2.841+0.07 2.981+0.40 1.945+0.18 1.827+0.86 1.248+0.14
Met 0.302+0.13 0.325+0.14 1.482+0.59 1.558+0.36 1.42340.31 1.286+0.02 0.508+0.16
Ile 0.438+0.25 0.336+0.01 1.610+0.21 1.793+0.08 1.998+0.17 1.812+0.95 1.158+0.10
Trp 0.654+0.16 0.629+0.24 0.721£0.75 0.983+0.15 1.945+0.21 1.301+0.11 1.324+0.15
Phe 1.869+0.32 1.701+0.92 5.214+1.67 5.635+0.06 5.229+1.67 5.270+0.45 2.477+0.27
Leu 0.287+0.10 0.73240.60 1.037+0.12 2.065+0.55 2.062+0.33 2.025+0.30 1.468+0.28
Lys 1.079+0.50 1.434+0.76 4.618+0.57 5.882+0.25 5.272+0.21 5.677+0.23 3.269+0.68
Total 12.583+0.21 10.301+£0.26 26.576+0.34 34.305+0.17 32.623+0.25 33.896+0.32 20.718+0.20

o W} fE olm|x=Ak FhEe] FUElih HE 124)7He] £
FrEjob =it B 1391 mg/e® WE Oz WSS FaF
S e oW 2 ol FA43] S| AlRsie] 2E 2
ANZE 2356 mg/g® W& 1247k} wim Al F 1) Z7}
Tt WE 60r7F] T frEjop|At RS 1924 me/gR
E3] phenylalanine &%) 431 mg/g2 7P =99 threonine
>glutamic acid>tryptophan 0.2 =2 T3S Rk

B. nattoS}t A. oryzae EFATE o) &5t A|ZX3E WolF A
] Ad(Table 5) SkellM AFe F=4EdA= 22 28
/7 S frE] obrleAt el 343 Sk ol
2430 mg/gs VFERH o] WE A7) AdAgle] W 26.71
mg/g® 719 dA3 AL fAET HE 24M7F o] F F

of

S~

$2 oluicAl gkl & Ao/t gl HEFS vEt
e ofn|igle] FR0E Aol B=d], A 2407klE
lysine>phenylalanine>glutamic acid®] 0.2 F& s Hel
i b g 727700l threonine>glutamic acid> phenylalanine
>lysine®] AR #&4EE VERIITE ol s B7Ael B
natto?t A. oryzaeE EIrFFR o83 ol o] wid
olg ¥y FgHct go] Frk= ZFHOhe Eom, 2008]°]
FEFE vHE Aol AlRE

Ao opulat g slel 8lo1A Son F[2000} B
A 96AZE WA Al F FrEl obvleat FEE 8274-9301
mg%=E ©|% phenylalanine ©] 717 Bol ¥ ol gilom
2 9} lysine, tyrosine §°] Bol TfrEo] Atkal RIS,
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Table 4. Changes in free amino acid contents of germinated soybean Cheonggukjang prepared with Bacillus natto during fermentation

(Unit: mg/g dry basis)

Amino Fermentation time (hr)
acid 0 12 24 36 48 60 72
Asp 0.689+0.16 0.269+0.08 0.260+0.11 0.150+0.03 0.191+0.05 0.179+0.01 0.143+0.06
Glu 2.312+0.08 2.082+0.16 1.947£0.07 1.595+0.53 1.413+£0.27 2.698+0.23 0.880+0.32
Asn 1.088+0.10 0.451£0.12 0.434+0.19 0.303:£0.20 0.165x0.09 0.157+0.09 0.147+0.09
Ser 0.420+0.09 0.31440.27 0.371+0.05 0.123+0.00 0.149+0.12 0.133:+£0.09 0.107+0.03
Gln 0.103£0.02 0.253+0.19 0.404+0.04 0.082+0.02 0.087+0.06 0.067+£0.01 0.039+0.01
Thr 1.124+0.83 0.928+0.07 2.491+0.70 2.447+0.34 2.479+0.57 3425+0.56 1.672+0.14
His 0.196+0.02 0.589+0.50 0.663+0.68 0.595+0.19 0.645+0.40 0.790+0.02 0.264+0.01
Ala 1.272+0.27 1.3744:0.15 1.440+0.47 1.150+0.38 1.013+0.20 1.020+0.30 0.568+0.16
Arg 0.063+0.00 0.158+0.16 0.122+0.03 0.040+0.00 0.050+0.02 0.060+£0.06 0.020+0.01
Val 0.687+0.33 0.818+0.58 1.999+0.04 1.051+£0.40 0.832+0.02 0.847+0.49 0.477+£0.09
Met 0.302+0.13 0.303+0.22 0.751+0.58 0.535+0.21 0.507+0.03 0.537+0.19 0.161+0.02
lie 0.438+0.25 0.442+0.46 1.897+0.42 1.048+0.12 1,10740.20 1.328+0.21 0.758+0.01
Trp 0.654+0.16 0.811£0.50 1.741+0.11 1.503+0.62 1.393+0.47 1.556+0.25 0.495+0.08
Phe 1.869+0.32 3.993+1.67 7.205£1.36 2.848+0.53 3.389+0.65 4.311+0.90 1.563+0.00
Leu 0.287+0.10 0.250+0.14 0.774+0.62 0.553+0.38 0.544+0.09 0.639+0.22 0.100+0.05
Lys 1.079+0.50 0.8704:0.04 1.0584+1.26 1.489:+0.67 1.429:+0.14 1.490+0.48 0.388+0.13
Total 12.583+0.21 13.505+0.33 23.557+£0.42 15.512+0.29 15.393+£0.21 19.237£0.26 7.782+0.08

Table 5. Changes in free amino acid contents of germinated soybean Cheonggukjang prepared with Bacillus natto and Aspergillus oryzae

during fermentation

(Unit: mg/g dry basis)

Amino Fermentation time ¢hr)
acid 0 12 24 36 48 60 72
Asp 0.689+0.16 0.279+0.01 0.50740.15 0.621%0.17 0.676::0.08 0.854:£0.02 1.028+0.11
Glu 231240.08 2.767+0.96 2.956+0.31 3.634+0.06 3.376+0.05 36394024 4365043
Asn 1.08820.11 0.626+0.05 0.785+0.24 0.479+0.17 0.199+0.00 0.227+0.01 0.241+0.01
Ser 0.420+0.09 0.828+0.60 0.785+0.04 0.665+0.22 0.427+0.01 0.543+0.04 0.673£0.07
Gin 0.103+0.02 0.490:£0.42 0.588+0.01 0.433£0.19 0.319£0.04 0.23540.04 0.242=0.04
Thr 1.124+0.83 1.356+0.69 1.97340.05 3.146:+0.43 5.202:40.24 5473045 6.200:£6.36
His 0.1960.02 0.244+0.38 0.246+0.19 0.298+0.13 1.249£0.23 1.0440.06 1.3010.19
Ala 12724027 2.092+0.16 1.196+0.43 1.889+0.44 1.803+0.20 1.97020.15 2.120+0.23
Arg 0.063+0.00 0.070+0.06 0.056+0.08 0.062+0.02 0.077+0.04 0.071+0.00 0.066+0.04
Val 0.687+0.33 1.184+0.73 2.154+0.24 1.611£0.06 1.596:0.35 1.508+0.07 1.62440.18
Met 0.302+0.13 0.5760.35 0.665+0.58 0.956+0.27 1.109+0.03 0.654+0.02 0.652+0.07
Ile 0.583+0.31 0.710£0.47 1.149+0.23 1.23320.73 1.44240.50 1.267+0.00 1.219+0.12
Trp 0.438+025 0.773+0.89 1.066+0.62 1.091+0.18 1.520+0.87 0.519+0.01 0.467+0.14
Phe 1.869+0.32 2.330+0.14 4.117+0.40 3.582:£0.54 4.240+0.99 3.3200.11 3.294::0.40
Leu 0.287+0.10 0.740+0.70 0.655+0.23 1.541£0.06 1.040+0.16 1.087+0.11 1.343+0.10
Lys 1.079+0.50 2.966+1.06 53974129 5.553£0.72 2.685+0.38 2.8314025 2.998:+0.09
Total 12.51240.22 18.031+0.48 242952032 26.794+0.27 2696026  25242+0.10  27.833%0.16

Bok[1993} B. subtilisE ©]-&-slo] Ax3 F=golr B &
9] valine®] FHHO) IS R2EHYE Kim F[1982} B
g olgste] A2 FHFolE arginine, glutamic acid,
alanine 5ol Wk, A= LEAF] /2] olulxAt ko]
AEFY ZHc} Btk Bvsle 2 Afa fARI9C. Suh
11982} B. subiilisg o83k Az FF3ol= glutamic
acid, leucine, alanine®] $o] 53] Wle-S Hudle] B 4
g Aol fAksE A3 vreRiSIth 28kl Choi S [1998)=
B. subtilis DC2& ©|-&3le] Axd F=gole AnAgE<]
glutamic acid, alanine, threonine®] ¥&fo] Bl RIde] B
A% Astet vl fARBIATH

Sung 51984} B. nattoeZ ©1&3le] A= HE A £ o}
o)t 3 MSkE AR A7) phenylalanine, leucine, arginine
o] ko] BAX, Kim 519981 F& ohlx=ll Tk HslE
A B A7) ghtamic acid, aspartic acid, leucing®] Fakol B
v ®ausigitk old) met F=age] @A <4 Sl B, subtilis
o] g0z YT IHES HAA AT st wE
£ glutamic acid, aspartic acid, &%
leucine, phenylalanine ¥ ©3MS W= alanine, glycine, lysine
59 opulizAto] o9l Bl AT SF9 vk A
= Al® AEAYSL BTt Choi F[20071> B. licheniformis
B1E ol8ald 48N7F WEAR Wold AHde) Ag- obvje

Al valine, isoleucine,
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Fig. 3. Changes in total carbohydrate contents of Cheonggukjang
during fermentation.
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Fig. 4. Changes in reducing sugar contents of Cheonggukjang
during fermentation.
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B. nattoZ °1-§3 ol H=gel BeE WA F=A4 np
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