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Quality Characteristics of Bijijang in Different
Fermentation Conditions

Sung-Kyung Im, Seon-Mi Yoo*, Tae-Young Kim, and Hye-Kyung Chun
Rural Resource Development Institute, NIAST, RDA

Changes in quality characteristics of Bijijang (fermented soybean curd residue) prepared at 35°C and 40°C for
0, 12, 24, 36, and 48 hr were investigated. Acidity of Bijijang increased, whereas pH and Hunter's color values
decreased during fermentation. Immediately after Bijijang preparation, a- and B-amylase activities were very low.
B-Amylase activity during fermentation increased rapidly, with those fermented at 40°C higher than at 35°C.
Neutral protease activity was significantly higher than acidic protease activity, and increased gradually after 12
hr. Change in total nitrogen content in Bijijang was insignificant, whereas contents of amino-type and water-
soluble nitrogens increased significantly during fermentation. Major free amino acids of Bijijang were Arg, Pro,
Glu, Thr, Ser, and Lys at initial fermenting stage, and, as fermentation progressed, contents of Cys, Met, Glu,
Ile, Leu, and Phe increased. Reducing sugar contents of Bijijang fermented at 40°C were higher than those
fermented at 35°C. Sucrose content decreased and glucose content increased. Glucoside (genistin and daidzin)
contents decreased and aglycone (genistein and daidzein) contents increased during preparation of Biji and
fermentation of Bijijang. Contents of free sugars and isoflavones were higher in Bijijang fermented at 40°C than
at 35°C. Based on these results, fermentation at 40°C for 48 hr was determined to be optimum fermentation

condition for Bijijang.
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FEL 105°C A71E Az, 2L micro-Kjeldahll, %
AWk Soxhlet ¥, 23H- 73y oE A3 BIX|
o] 7713 e 600°CollA 4] 33t F 3N HCl 10mL
o §34A1A Polarized Zeenom Atomic Absorption Spectropho-
tometer(Z 6100, Hitachi, Japan)ol] 2l8] £A13lc},

pH, &= % S &H

pHE BIAA 10go] FF5 10mLE 718l & wusg &
pH meter(Model 720A, Orion, USA)Z &3sl4 o, F4ee
B A% 10g] E£FS 40mLE 713k pH 83¢] € w7z
0.1N NaOHZ HAsld Alg 100g°] T3] U+ acetic
acide] o 24 it E7|EHA, YEv MohrH(17) 22
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A2oM A7 AEEE & gxsle] §4AAE ZAT o &
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M phosphate buffer(pH 6.9) 1 mLE& o] 7142 AM3IHT ¥
2 ZA% E498 I mL F718kd 40°ColA 3087 WHSAITE
F, 1M 24 10mLE ¥H8-2 HAAIZ[ZL NA0 8.5 89
10mLE Ho] 660 nmolA FFEE 4T F E49Y 1mlt
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Yeblle 359 Ablank-A 8)E unit® 2 EASCh B-
amylase ¥AE2] Z-$ DNSH(192E 24slgen, a4
I mL7} maltose 1 mge §8]A1E ] 4TS | wite & 3
At

Protease 848 F3317] 8, acid proteasess 0.4M lactic
acid buffer(pH 3.0), neutral proteasex> 0.1 M citric acid buffer
(pH 7.2), alkaline protease¥> 0.1 M boric acid buffer(pH 9.0)
E Ztz} ol g3l vx ] 2EL FEHNE AFIING 0.6%
casein 7128 1 mLet SFF 1mLE Mg Wi & F
ZoM 30°CE AT F 49 1mLE FHUisld 1087
SAIZ ¥ 04M TCA €9 3mLE Yol ¥H3-& AHX17]
3087 BREA o] WS Angt ¥ o 2mLol 055
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< formolH(17) 22 R34t +684 A4 e 93
10g°l T/ 100mLE 718t 2417 X8 F&35 & o33}
<] micro-Kjeldahl'Y} 2.8 &4 &9t}

Fre] olulieAt e v g 108 Fe] EL VISt 24
7t HSL, sulfosalicylic acid® ol ThA] 308 wwHE &
4CA 308 A e AEAE FHsA 0.2 um membrane
filler2 4348 ¥ AccQ-fluor reagent kit(Waters, USA)E F 5
Azt MHT F2] opleal B418 HPLC(Waters model 600F
pump, Waters 474 scanning fluorescence detector at 250 nm
excitation and 396 nm emission, Waters Millennium 32 soft-
ware, AccQ-Tag C,; column 3.9 mmX 150 mm at 37°C)& ©|&
A, AlE 10uULE FUS & AccQ-Tag methodE HE 3}
opu)mihg FAEHTh
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Isoflavones $#E Kim TQ0)9 #hgezn BAMgqrt &,
FAAZE v Aol 80% methanold ¥ A20M 4r7r 3
&3%ch F+E€ ANEE AFH¢ F, YL 045pm membrane
filer2 ¥}5te] HPLC(HP 1100 series, Hewlett Packard, USA)
2 A3 BYxA0 8 ZA¥E Eclipse XDB-C1I8 column
(4.6X250 mm, Hewlett Packard, USA), & 7]+ Diode-Armay
Detector, A& FUH2 20ul, 15’32 0.1% acetic acidE ¥
&= B3 acetonitrile® AM-3}] linear gradient WO E B
G, 52 | mL/min® )t
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Table 1. Proximate compositions and mineral contents of
soybean, Biji, and Bijijang

Soybean Biji Bijijang
Moisture (%) 11.35 86.73 81.49
Crude protein (%) 32.60 347 346
Crude fat (%) 6.48 0.99 1.02
Carbohydrates (%) 45.03 8.55 7.09
Crude fiber (%) 0.13 0.03 0.03
Crude ash (%) 4.40 0.23 691
Minerals (mg%)
Cu 0.82 0.17 0.11
Fe 6.33 2.18 147
Zn 3.50 0.59 0.53
Na 151.67 15273  2675.60
K 2153.79 425.30 49442
Ca 70.64 35.30 27.81
Mg 280.25 53.06 32.63

a7 % O

K

etNE 9 FI1E

The, ¥]A] 2 BjRAke] UHbE-S Table 154 2o} ), ¥l
A, HAG 2% zghige] zAulE BE EX)vH B)A] AR
A4 F g2 584 T o] S&FHo] Tan
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Table 2. Salinity, pH, and acidity of soybean, Biji, and Bijijang

2 AL JEE AMEEHE &F dielth A v %o wE
2 % Az mE F71E & FolFQl ZolE HolX
9k%thdata not shown).

pH, &4 % A=

B A Ae] wraAg 2 pH, F4F 2 9 T2 Table 290 1}
e it

pHSF ZAF ke wbg w9} A7F BEO| QYL WgkE
g], pH= 28 & 660904 60661322 AR} 43 F
Ab FHEES 1276 mg%ol A 37.03-42.54 mg%E Z7VEHAT) H
Aol &gl wet pH7F AdlEle A2 4 F Bolu ©
Wzl mAjEo] 23] o] 7iR] A Ee WEEA 7
7)ako]l AR AEE S7HA7]7] WEY AeR Az
WEeert Hom pHy © Wk $4t g5 o 4 vt
won, 40ecollA BEAzl v FE 36X7F o|F) pHS F
At gtekol Wsly) Ax] 9dth Lee 523y H|X|] pH7F A
ol Ao Ao] 55°CollA] 48117 HE Foll= 8.748A
gy ow Wty Busied, o9 722 Aoje HlX]
o Exishes vAEEY A A2 T2 oo mE 4
ARHE ] thEd 7|R1shs AeE AZET. Back 524y A
o F g o] 55°ColA 48A1ZF o4 WHESE 9
= Ixgo] 2 FAAEy 30°C B 37°CHA BEF A4S
ol Fakde] ASo] EXHAJT Ak HIAFY dEE
drE 717 B9 27) 11.62%004 484)7F & 12.83-12.93%E &
Felx e, g &xo mE AlE 7k Aoly FelFelx]
tor, Alg A P HE(10.2-13%)% BIS=3IATH2S).

Me =X

Table 3 H]x|9} vix)Ze] FHAE gigt Zafolc} H|A)
2 RF AR & HEL), FAE(@), FU=b) ZHzE 78314
A 75272, -1.57914 —1.702.2, 1381914 11378 748k
o uR A BMrs dEgew Bl wEAlrte) wal fol¢l
zlolE BYeH HEVZF F AA 2hske FAE B4, o
23 Hals g 2aA Like] sk} v S v
WAtH26). BiAA ] Huzel FATE= gyt F & ¥t
= SIS 40°CcellM EAIZ] HIRIAe] Hare} ST} 35°C
ol wrg Al uix|Ae] Zheh A Jelsth v 3] M3}

Fermentation

Salinity (%) pH Acidity (mg%)
Temp. Time
Soybean - - -

Biji 0.03 £0.02° 7.08 £0.05° 8.01+£043¢
Ohr 11.62+0.03¢ 6.60+0.04° 12.76 +0.75"
12hr 11.92+0.35¢ 6.50+0.03¢ 14.51 £0.87°

35°C 24 hr 12.12+0.08° 6.30+0.02¢ 22.27+0.43¢

36 hr 12.69£0.03 6.21 £0.03° 33.53+0.87°

Bijijang 48 hr 12.83£0.14 6.13£0.00° 37.03+0.87°
12 hr 12.07 +£0.07¢ 6.24+0.02° 22.27+043¢

40°C 24 hr 12.37£0.03° 6.03+£0.018 36.03+0.15°

36 hr 12.79 £ 0.06° 6.06+0.01¢ 41.53+043°

48 hr 12.93£0.08* 6.061+0.03¢ 4254087

The values represent the mean * standard deviation (n=3).

Means in a column bearing the same letter are not significantly different (p>0.05) as determined by Duncan's multiple range tests.
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Table 3. Hunter's color values of soybean, Biji, and Bijijang
Fermentation
L a b AE
Temp. Time
Soybean - - - -
Biji 78.31£0.85" -1.57+£0.13* 13.81+2.09* -
Ohr 75.65£0.97 -1.70£0.15>¢ 11372 1.11¢ -
12 hr 74.52 +0.66° -1.50£0.29* 13.61 £1.76® 2.72+0.56
35°C 24 hr 75.67+0.23" -1.84£0,14* 11.17 £0.69° 2,76 +0.67"
36 hr 73.65 +0.89°* -1.674£0,13% 11.69+0.74° 2.25+0.74*
Bijijang 48 hr 73.20+0.40% -1.64£0,06° 11.89:+0.21° 0.59+027°
12 hr 75.75+0.87 -1.88£0.07¢ 12.12+0.63* 2.241+0.84
4FC 24 hr 73.68 10,73 -L.51+0.11* 13.70£1.55% 215+ 1.52
36hr 74.14 £0.86 -142x0.11° 13.50+0.71* 2.03+0.79
48 hr 72.851+0.82° -1.56£0.08% 12.68 £0.324¢ 1.50£0.16*

The values represent the mean = standard deviation (n=3).

Means in a column bearing the same letter are not significantly different (p>0.05) as determined by Duncan's multiple range tests.
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Fig. 1. Changes in amylase and protease activity of Biji and
Bijijang during fermentation.

(ABR= 35°ColA) 48717 gzl ulxgelA] #agke B

EAMNE

v x) 9} Blx)ge] £44717F 5 amylase B4 =2 Wi+ Fig.
13 72tk a-Amylase 845E HIAF ©F §F BAET 27
Z718H9 AL, 35°ColAM HAAR] WA AL 12A7F o)F J
2} zasid o, 400Col A HEAIZ] v R e AS- dE 2]
e Zasitz 2447 olF gA] Friske S BEXTh
Amylase 42 pHt 259 FTE v Janast Pati27)=
o-amylase 412l A pH/t 6.0 ERA 54977 0] A=
A pHY E 59 Fxo o aie] 4ol A=HAUTGE B

skl webx vlR A daxr|e Gt F7FHEA
o-amylase 457t THARE7E 40°CollA] HE 3647 ©1F pH
7} 6028 "ol HA &4 BAErF FUHsI TR detE)

AEAL Haisled #d G AAYIE B3 a420 B
amylase 845 27] 2E 1277H5% 43 FkEisleH,
35°CHU} 40°ColA HE Al T & HEE B

WiR] 2] protease AT WER= Fig. 13} 7ol $4 protease
7} A3 protease Bt} HEEA B2 §HEE JeEE, of
Fo T MEE R oprlxite® sipRssted 4
protease’t 2 ARG F1oF WIch vIAFe] 4 protease
o] AEE, 35°CA HEAZ AL 1277 AT
7F oA F7heRe AEE BT, 400ColA HEAIZ] H)R] A
A BAERE A% AT $4 poteased] 45 W
"o Adagle]l 12A774A) At HA Fvlske A
&2 Bt

ALsieHE

Table 4914 R npe} 7Zho] FdA Fakg vws] BH ¥
A AzA A FgAsHAR HARE g2 T 2E 249 o
& F24 #%Y f9H1 Aele B 4 AU Kim F(26)
& 58 FUEE ANk A5ERe] $44 ¥ &4
7174 B9 thA SriEvia Basiied 1 s4717%e] 120
el o]23L, Rhee®} Cheigh28)y= HEEAS T4 e
459 7y &4 & 2 i) vk BuEsn). ol vl
#-g w v)xge) FAA FF Wb 22X GE e 4
717ke] Aoz Fed 7Iiskes AR B & Utk

F8A Aa TS Q414 mg%), HIR(192.65 mg%h), B
F A% 81xA92.15 mg%) £o1ATHTable 4). ©l= HIA Az
Al Be Bl £84 WA ZRo) AH 53U, ¥AF
AzA tEAgel o8 Sdg B ¢ Q) vARY 84
AL geke SEHY F AS SRR 40°ColA HEAIZ
HAAA o A Jebdes 34 protease BHES} FAF
3 A By tiFe dd HEL 9F §F proteaseo]
o3 gAdo s Wate & Helojx, ofu|xito 2 F1E-E
Heg £84 As o] & uxFiA F fel olvx
A gebe A JelstchTable 5). ©d a8 vhud B
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Table 4. Nitrogen compounds of soybean, Biji, and Bijijang

36 4 A 3 & (2004)

Fermentation Total N Water-soluble N Amino type N Protein solubility Protgm .

. hydrolysis ratio
Temp. Time (mg%) (mg%) (mg%) ratio (%) (%)
Soybean 5708 264" 2414 £93* 307118 42.30 5.39
Biji 608.02+45.63° 192.65+5.02° 24.06 +2.23" 31.68 3.96
0hr 606.37+18.30° 92.15+2.86° 2941+1.12% 15.20 4.85
12 hr 618.66+1496° 93.10+2.57¢ 3437+1.05% 15.05 5.56
A5°C 24 hr 609.82+15.92° 17438+434° 45291252 28.60 743
36 hr 590.58+945" 251.06%2.14° 66.48+2.54¢ 4251 11.26
Bijijang 48 hr 591.01£6.01° 262.78+6.57° 81.68+3.10% 4446 13.82
12 hr 61038 +5.18"  189.17+1.84° 40.32+3.70¢ 30.99 6.61
A 24 hr 584.03+5.03" 24482+11.80° 63.74+1.21¢ 41.92 1091
36 hr 622.57+46.17° 277.23+608" 76.82+3.29° 44.53 12.34
48 hr 558.15+10.82° 28145+4.21® 85.77+£3.78 50.42 15.37

The values represent the mean % standard deviation (n=3).

Means in a column bearing the same letter are not significantly different (p>0.05) as determined by Duncan's multiple range tests.

Protein hydrolysis ratio (%) = (Amino type N/Total N) X 100.
Protein solubility ratio (%) = (Water-soluble N/Total N) X 100.

e A%

s&3 FARHAl Z7FE S Joo 5(29)9 Ei19}
< HHch

opu|ieaby Al RS- UIF 307 me%, BIA| 24.06 mg%, Y
2% B AF 2941 mg%elATHTable 4). =/do] g uk
g} Z7Vete] 48717l 81.68-85.77 mg%E WERSTH oluli
A Aae giF 3R AEY 458 WYske Fad A
Fog gwzo] gihztgoa slReEo] 43 gkl o}
)ik S D, Pak SRS £4 F B3] oln)
kg i ge] FURHAN $43717 F9 opnAbd A
Ae] geko] & Fox] Aol JEWIM FL ZoE
7ysich T3 v wg 3y F odwla Bago] 54
&) F7ksted 9] 2629009 o]2A =t ol g Wshs
waol FEE vjAEo] zie duld Baah @4 7)d
Roz Azhdrh

o, ¥R, HEay F R R opw=At 24 wst
= Table 59 ZUth F #2) o=t FEe diF, H|A|, @
F A5 £o7 Wty HF ZI)0 12A77HA] Zasht
Al S7beke A3 BHAoH 40°CAX HFAR] H)2] 7o)
A o A e 28 f8l o=k tiF7t Pro, Arg,
Val, Tyr, Ala, Glu &°]913 B]X|= Pro, Arg, Lys, His, Phe
oA, g7 A9 HAES Arg, Pro, Glu, Tyr, Ser, Lys
colddnh. BE 7|7 T Arge TASAAT 1 opr Akl
Cysst Meto] Z7F519L, Glue Z718lthrt 36A] 743 A
28R, Dle, Leu, Phed 24417} )% F43) Z7}s19it).
HIX) g A) #4898 Uls Gleel 7Rtz Ad 2
35t monosodium glutamateE /33t Bte] AFaHE 7%
A 2 e A7FET Lee 5231 HIX9 Ff2] ofnx=At
e 55Tl 4817 daske A F oF 17 S7HEHA
X, Lys, His, Asp, Glu, Tyr, Phe2 5715192, Arg 743}
[om, w & FFE F= oAt Glu, Phe, Lysolz}
3 ghelnl A

=
Table 69141 Hi= viel o] 34d §#-2 T 0.20%, ¥

2 0.07%C1L, ¥IAEe] EaAY F 004 %14 0.08-0.25%
2 Z7reidnh =3 S gEke 35T wae wro
40°ColA EE S XA 28] A JERSo T ghE A7k

& Wk wusich HRe] WE g F BUT T
F7HE Lee 5(23)2 AR Hoddhs v ETC] BHlehs ©&
TeHE TR AT g o3 Aem Ryt

Fe9 T2 52 7 fructose 0.25 mg%, sucrose 1.55
mg%ol U, YA A fructose 0.03mg%, glucose 0.13
mg%, sucrose 0.18 mg%°)Att. ¥R sucrose THEE HE
FE 023 mg%olE Ho] WEAY F AR Dadle] I4AH
Al =32, glucose TS 5.88 mg%oll A 40PColl A HEF
73 654mghE FUtste] HIA G wEwy F oFRU
sucrose”} E-3|E o] BFF<] glucoser F71ES & 5 UATh
Lee22y= HIAE A 2EAZ] 732 glucose?] o] A A3
7R, ERRAALAE At AS dExr)e F439]
7FIAtta Harshlct. S Lee 5(23)2 HIX|9] wasy
Ao WHsh= v|Folr]e 3y raffinose®} stachyosedtol
Aasioia Busiled], 2 A7 A A9E o A%
= dEEA otk

=
5
=

s

Isoflavones

)5, HIX], B]A]%2] isoflavones &S Table 7o LERAA
t}. Isoflavone &4-& HHEH UFE vlA] AFZA] genistin?}
daidzin® A% A48T, genistein} daidzein 22+ 298]
o} 2,124} Z71EIATE. & glucosides TR 743k aglycones
L FUreded, oleldk ¥k viA Az 3H F dF
o] A} 71gol 28 B-glycosidases B49] 8&3 EAdo o
e FA7] WFolzk Azt

o AEFAN 7HEAE], ELaF sieRd, gud 9

isoflavones A& FAdo] #FoF W3, daidzein F=
genistein® Fo)7], AEsL7], F5 Ax AT Gd o}

22 A gl o8 =R ot Frld] 28 15-21%2)
£4do] dojdrty Bad vl Auh@31). Jackson F(32)2] tofu
AZ A4 Z isoflavones $FF L A AFNM F isoflavone
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Table 6. Sugar contents of soybean, Biji, and Bijijang

Fermentation Reducing sugar” Free sugar” (mg%)

Temp. Time (%) Fructose Glucose Sucrose
Soybean 0.20+0.05 0.25£0.01 0.00x0.00 1.55+0.04
Biji 0.07+0.03 0.03£0.00 0.13£0.16 0.18%+0.01
Ohr 0.04+0.01 - 5.88+0.10 0.23+0.00
12 hr 0.12+0.05 - 5.7940.10 0.17£0.02
350 24 hr 0.08+£0.01 - 5.88+0.57 0.14£0.01
36 hr 0.12+0.04 - 5.49+0.69 0.07+0.00
Bijijang 48 hr 0.14£0.04 - 5.71£0.52 0.03+0.00
12 hr 0.23+0.11 - 6.98£0.26 0.19+0.01
APC 24 hr 0.23+0.05 - 691035 0.09+0.01

36hr 0.25£0.04 - 6.30+0.70 Trace

48 hr 0.23+£0.05 - 6.54+095 Trace

"The reducing sugar values represent the mean % standard deviation (n=3).
The free sugar values represent the mean = standard deviation (n=2).

Table 7. Isoflavone contents of soybean, Biji, and Bijijang

Fermentation

Daidzin (mg%) Daidzein (mg%) Genistin (mg%)  Genistein (mg%)

Temp. Time
Soybean 13.48+£0.28 2.93+0.01 2321x6.27 2.86+0.01
Biji 1246021 6.19+0.01 2043+0.10 8.53+0.03
0hr 8.62+0.06 4.68+0.00 13.29+0.55 6.12+0.00
12 hr 8.60+0.34 4.72+£0.02 14.29£0.86 6.1510.05
35°C 24 hr 8.8140.06 4.54+0.00 14.25+£0.09 5.73£0.01
36 hr 7.31£0.00 5.0210.01 12.27+0.01 6.431+0.01
Bijijang 48 hr 7.11+0.01 5.31£0.01 12.04£0.01 6.98 £0.02
12 hr 9.00+0.16 4.58£0.00 15.00+044 5.80£0.01
APC 24 hr 8.141+0.03 5.221+0.00 13.58+0.05 6.53+0.01
36 hr 7.67£0.04 5.90+0.02 12.70£0.09 7.68 £0.00
48 hr 7.14£0.18 6.72+0.01 11.76 =0.34 9.05x0.02

Average of duplicate determinations.
All values were on dry basis.

TFE (720 mg), AT HF690 mg), B 23} 4o o} W ol dEe] @ won(33), YRMAH O F aglyconeso] 1A

A AN (550 me), HIA(220mg) OB =gk, H]A] 9 W EF7E wi2x Ae|84e] ol 4¥A k.

isoflavones 2732 aglycones 15.4%, glucosides 28.9%, acetyl-

genistin 0.89%¢) 2102 WAL £ e BolA whshs 2 %

A4 isoflavonee] F& &4lo] dojwkow, aglyconess]

daidzein?} genistein2 3, 7}E, vh oA zhzb 12u) 2} AE AFe shigl vixFe Al 7losla, T4 2

238 FrFetTial Bk T Az dEgeR doAe HXE FAHoE o
vjzge] wE 2719} 48A17F F isoflavones 43S genistin S8l g 25(35°Ce) 40°0)9 AIZHO, 12, 24, 36, 48A17h

< 1329 mg%elA 11.76-12.04 mg%C. 2, daidzin® 8.62 mg%el of W& F4 548 AT

A 711714 mgh O 2 AL, genisteinS 6,12 mg%oll A TEAAY T HAFY] dm9) 4 gk ZUkelda, pH

6.98-9.05 mg% 2=, daidzein® 4.68 mg% I 5.31-6.72 mg%2. v UE F Aotk BEr7 F e Hes Az 7

2 Z7MIA0h & 28 3 5 glucosides $FS AT st om 40°CNA HEAZ) vxFe] HArel gy}

aglycones Tk F71819000 40°CollA 2EF BIx A4 = 35°Coll M LEAIZ HIRe] ok =4 YeRdt). B-amylase
7re] Eo] & AL B-glycosidases 2H&3} Ao 7]Q18k A =S 27 HE 12M05S 3438 Frksid s 35cH )
o2 gt 40°Co A HE Al B & BHEE Bt 24 protease &

O15-9] isoflavones2 glycosilated conjugates(malonylglycosides AE7F M protease SAERTH A58 Egtow wE 12
9} B-glycosides) FEE EA3tch7t 7Hg-* 2|81 aglyconest AR syt Ak S7vshe 43e et 34
acetylglycosides FH|2 HABE L Isoflavonese] AejdAdo = TH, obrleid A T, S84 A T 2F v)A 4
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