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Solubility, Viscosity, Water Holding Capacity, and Oil Holding Capacity of

Soybean Proteins by Bacillus subtilis andfor Lactobacillus bulgaricus
Lee, Jin Woo
Dept. of Food and Nutrition, University of Suwon, Hwaseong, Korea

ABSTRACT

Soybean seeds were fermented by Bacillus subtilis andfor Lactobacillus bulgaricus to
improve solubility, viscosity, water holding capacity and oil holding capacity of soybean
proteins in Chongkukjang. The maximum colony forming unit and protease activity of B.
subtilis or L. bulgaricus were observed after 60 hours of fermentation, and those of the
mixed fermentation by two microorganisms were steadily increased during the fermentation
periods.  Solubilities of soybean proteins by B. subtilis or L bulgaricus were steadily
increased before the values were considerably increased to 60 hours of fermentation, whereas
water holding capacities of the proteins were decreased by B. subtilis or L. bulgaricus and
those of the mixed fermentation were decreased progressively. Viscosities of soybean
proteins by B. subtilis andfor L. bulgaricus were decreased progressively during the
fermentation. Viscosities of soybean proteins by B. subtilis andfor L. bulgaricus were
decreased progressively during the fermentation. Oil holding capacities of soybeans by B.
subtilis or L. bulgaricus were maximum at 20 or 80 hours of fermentation and those of the
mixed fermentation were decreased after 10 hours of the fermentation.
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1. ARBZF

A5 gFc A8 FS8NA Bacillus subtilis

-2 B-g]-§ H]A(15g soluble startch, 1g potassium
phosphate, 0.1g magnesium sulfate, 1% manganese
sulfate, 1% calcium chloride, 1,000cc distilled
wate) S ©| 83 FHH wgAo| peptone waterE
A o2 543t THE PBE 40 TolA 24
3T 0.14 b Y2 HES YA 74
EQg #AE FIEIATHIITF T 1999). Fritdt
FE AW yoghunE AMESlH  Lactobacillus
bulgaricus TH2 MRS medium(10g peptone, 10g beef
extract, S5g yeast extract, 20g glucose, 1g Tween 8,
2g dipotassium hydrogen phosphate, S5g sodium
acetate, 2g triammonjum citrate, 0.1g magnesium
sulfate, 0.05g manganese sulfate, 15g agar, 1,000cc
distilled waten)oll Al #8] AHESATHE=TAFY
<F&t3] 2000a).

H
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FRE EF, 2006034HE AFF LA
FEE 12 AR FAEA EE AAT F 250cc
247} flaskell 250g ol WA aluminum foil 2
B3 o "d71oA 121 T, 20 #3F HH33
t}. B. subtilis$} L. bulgaricus T2 83 45
T F27] dele] wMFY(104 CFU/gS LAF
ANZPEG HEANRT EFGS 95 E S &
AbFE 2047 B& 4043 WS F O E 7S
LaEAZch
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B. subtilis®] AT 2L EEYL wjAE o]
43 Pudol] 25l peptone waterZ TAH L
2 3]st 9rE HABE 40 TollA 293 HYS



Bacilius subtilis®t Lactobacillus bulgaricusol| 2/8t =&

SAL 0N L, Bo2 HEg WA 7Y £
w3 FAE FIATHIES T 1999). L bulgaricus
o] A FAL 97 T WHe Est
Ak

. EE Ess a0l 2

4. ChHA 2
2EE F 1gol 1% AFF 100ccE 7IEHA 1
A #&F 229 Formol FAM(ARTAED

(Wolf 1972). SF<el BF3E 5112 348t
0.IN NaOHZA| pH 8022 fAAA F84 4
BS o g YAEYE 8,000xgol Al 2083
st A4A 9L 0.IN HCIZA pH 452 ZH&
3 8,000xg, 2087 YA S ARWARL o]
FIAEL pH 7002 & 23l FAAZR Al
At

6. SollT

AR tubeol] H3E T @@iA 0.1g3
phosphate 3-89 5ccE 7t ¥ 1 AT ¢ F
Z2A 7)1 Vortex 12 £E55 YAEA 3 o
& 287 AR YA ERE 1,300xg, 1023
g F AAAL 0.07M tis SFEYPH 6522
8148t ojul =712 2.4 6-rinitrobenzene sulfonic
acid(TNBS) HF-3-(Habeeb 1966) 2.2 H-2{3}% 1t

Table 1. Colony forming units(CFU) of Chongkukjang by

chiZlol gaid, MY, 54 R 27Y 401

7. 8%

A== 27 T F-25Fo)A Ostwald viscometer
2 2359t 3993 1imgE 0.07M is €5
L£9pH 6.5)°] &A1 & B9 A=} HnF
gl el HEu 2 33T

8. 54

A28 T oA s FBE AT A
Aqg AAY by UmAE FFe i F
AR o FAE EFAHOE 4SS ATHChilds
& Park 1978).

9. H&H

3 o] ¥ H4 FAE TFAH FY3}
A &3, o Trs 9358 di4l 100% S5
7188 M43 9 tHChilds & Park 1978).

10. SAA=|

AYATE SAS ZEIWE o] & Y
FF28 ANSFAT 7 AEHE {4
ANOVA test¥ Duncan’s multiple test2 p<0.05
Zoll A AR

m 2= g 323

1. Mol CHElE Zelga

A HA0) 997 Bacillus subtilis$} Lactobacillus
bulgaricus TF& ¥l W¥stHEA 72| Fol
AAZF HF(104 CFU/g3tY HAELE 40 T

fermented by Bacilus subtils andfor Lactobacilus

bulgaricus
CFU(10'7g)"
Microorganism(s) Fermentation(hours)
10 20 40 60 80 120

Bacillus subtilis 4.0+02° 9.240.3° 31.810.68 5261090 36207  27.0£06°
Lactobacillus bulgaricus 33402 6.5:037 24.1+0.5° 35.2+0.7° 26.8+0.5 16.4£0.4°
Bacillus/Lactobacillus® 8.5+0.3° 7.3403% 7.8203° 8.2£0.3° 8.6%0.3° 92102
Bacillus/Lactobacillus” 45.0+0.9° 452+09°  455:10°  456+09°  468:09°  47.8:09"
Lactobacillus/Bacillus” 55:0.2 58102 6303 72:03' 8.7:0.3¢ 102£03°
Lactobacillus/Bacillus” 25.610.6" 26.320.6° 27.1:0.6° 28.3:0.6" 30.540.6° 31.847°

D Values are mean+SE; Means with different superscript on the same column are significantly different at p<0.05.
2 Y The secondary fermentation was conducted after the primary fermentation for 20 hours and 40 hours, respectively.
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Aol wjgA e G Eaje Y7tz By
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Az 29 20 - 40 Ao W€ L
bulgaricus @57} B. subtilis 5l vlsta]
AR Aol wgkon Eihdrall Ae FI
EXQS gt @9 L bulgaricus % A% £
A9 dyte YA ow Z7Ve ) Bacillus T
HZ Lactobacillus XE7} Lactobacillus ‘HEF
Bacillus SERT ghila Bajlas gAo] &
Ze & A A3
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Table 2. Protease activities of Chongkukjang by Bacillus subtils andfor Lactobacilus bulgaricus

Protease activity(unit/g)l)

Micororganism(s) Fermentation(hours)
10 20 40 60 80 120

Bacillus subtilis 2340.1° 54202 15.60.4" 24.8+0.5" 17.6+04" 16.8+0.4°
Lactobacillus bulgaricus 1.6+0.1° 2.8+0.1° 3.20.1° 3.8:0.1° 54021 6.320.2°
Bacillus/Lactobacillus” 53:02° 56+0.2 5.8+0.2° 6.1£0.2° 7.8+0.2" 73£02"
Bacillus/Lactobacillus” 14.6:0.4° 15.2£0.3° 16.5+0.4° 17.0:0.4° 17.320.4" 17.10.4°
Lactobacillus/Bacillus” 2.6%0.1¢ 2.5£0.1° 2.8+0.1° 32£0.1° 3.720.1° 41202
Lactobacillus/Bacillus” 3.1£0.1° 3.80.1° 4.6+0.1¢ 5.7+02° 6.3£0.2° 6.5:0.2°

Y Values are meantSE; Means with different superscript on the same column are significantly different at p<0.05.

23 The secondary fermentation was conducted after the primary fermentation for 20 hours and 40 hours,

respectively.
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Table 3. Free amino groups of soybean proteins fermented by Bacilus subtils andfor Lactobacillus bulgaricus

mM of free amino groups”

Microorganism(s) Fermentation(hours)
10 20 40 60 80 120

Bacillus subtilis 0.62:002°  120£003° 265006  271:006°  2.82:006°  2.860.06"
Lactobacillus bulgaricus 036:001°  051:0.01°  083£0.02°  092:0.02° 097002  0.98:0.02°
Bacillus/Lactobacillus® 1.20£003"  1.37:003°  1.54£003°  1.63:0.03°  1.72£0.03°  1.74+0.03°
Bacillus/Lactobacillus” 271£005"  2.84:006°  290:006"  306:0.06"  3.11:0.06°  3.18£0.07°
Lactobacillus/Bacillus” 0.56£0.02°  056:0.02° 061002  0.64:0.02°  0.67x0.02°  0.7120.02°
Lactobacillus/Bacillus® 082002  082+0.02°  094:002°  097:0.02°  098+0.02°  0.99+0.02°

D Values are mean+SE; Means with different superscript on the same column are significantly different at p<0.05.

2 ¥ The secondary fermentation was conducted after the primary fermentation for 20 hours and 40 hours, respectively.

Table 4. Relative viscosity of soybean protein fermented by Bacillus subtilis andlor Lactobacilus bulgaricus

Relative viscosity')

Microorganism(s) Fermentation(hours)
10 20 40 60 80 120

Bacillus subtilis 1.09+0.02°  1.08+0.02° 1.04t0.02bc  1.02%0.02°  1.02+0.02°  1.00+0.02°
Lactobacillus bulgaricus 1.17£0.03*  1.15£0.02°  1.13:0.02a  1.11:0.02°  1.09+0.02°  1.09%0.02
Bacillus/Lactobacillus® 108+0.02°  1.08%0.02°  1.07:002b  1.07:0.02°  1.06£t002  1.06:0.02"
Bacillus/Lactobacillus® 1.04+0.02°  1.04:0.02™  1.0420.02bc  1.03:0.02°  1.020.02°  1.01x0.02°
Lactobacillus/Bacillus® 1.14£0.02°  1.14x0.02°  1.12:0.02a  1.110.02° 1.10£0.02"  1.10x0.02°
Lactobacillus/Bacillus® 113:0.02° 1L13£002° 11330022  1.12£0.02° 111002  1.10:0.02°

" Values are meantSE; Means with different supersript on the same column are significantly different at p<0.05.

2 3 The secondary fermentation was conducted after the primary fermentation for 20 hours and 40 hours, respectively.



404 BHEX|GAIBMEIEISR| H18H 35 2007

Aste AL Byt ok B3P d=x
2 3717 A 277 FRSHAF A=Tt
3 A77h AR PEE WolAE A

ola ot

b HfE Ao

3. Ein HRd

B. subtilis®t L. bulgaricusZ @5 Z-& Equ)
ofste] ThaFsHAl i RdE AR ©ide B
4 W3t Table 5% #Ath B subiliss L
bulgaricus BT HEAIZE 60AT7EA] F EH A
RG-S 7481k B subtilis®t L bulgaricus &
Fatao] o e I4AL ANt W
g2 HY3, B8] L bulgaricusE 13 HEF B
subtilisE 23t WEAZ 744 ByAde] dEel 3
Ak ol Eihifek & olfdtd AE AXE

ol gl B Fxo] mE 71%A4
AY F & Zojoh. A FEF
= A5EE Fts gl 7Rz B A
Ha zasle g5t & @A FE
AeYol Wikthlee 2004). &, 7HrE3iol
& g ae| ¥4AdL okthBeuchat 1977).
Hutton ¥} Campbell(1981)& djuletr] wejzo]
FoHARYG FRHOE 25407 HE &
Adste sjutety] @ Aal o] Fehf oA
wulgel BayAdel L AL IAeAe FUIE
B3 rh §3 o|z4 F(2006)2 HFdHA
o] B4AT FEZ B4 zfolrt 20% AW,
5% A3 e JEY stolrt BayAde A3t
Azickn Rugch mely 3 gide 244
< Fol7] st gde] Bab Ariet M A

1_

N
T
e 3
= T
P

s

k4

o% > rE N

Table 5. Water holding capacity of soybean proteins fermented by Bacilus subtilis and/or Lactobacilus bulgaricus

Water holding capacity(g H20/g protein)”

Microorganism(s) Fermentation(hours)
10 20 40 60 80 120

Bacillus subtilis 6.65£0.12°  636:0.11°  5.03:0.09° 4263008  4.16+0.08°  4.05:0.08°
Lactobacillus bulgaricus 6.92+0.13  6.62:0.12°  6.46x0.12°  625:0.11"  592:0.11°  5.70%0.10°
Bacillus/Lactobacillus” 6.0120.10°  596:0.10°  5.83+0.10°  5.68:0.10°  556%0.10°  5.610.10°
Bacillus/Lactobacillus” 48740.09°  4.83:009°  477:009°  4.65:009°  4.56:009°  4.54x0.08'
Lactobacillus/Bacillus® 6.51:0.12°  6.52+0.12°  6.41:0.12°  6.3620.12"  6.33:0.12"  627:0.11°
Lactobacillus/Bacillus” 62740.11°  623:0.11°  6.18+0.11°  6.10£0.11°  604:0.11°  6.01:0.11°

D Values are mean+SE; Means with different superscript on the same column are significantly different at p<0.05.

29 The secondary fermentation was conducted after the primary fermentation for 20 hours and 40 hours,

respectively.

Table 6. Oil holding capacity of soybean proteins fermented by Bacilus subtilis andfor Lactobacilus bulgaricus

Oil holding capacity(cc oil/g protein)”

Microorganism(s)

Fermentation(hours)

10 20 40 60 80 120
Bacillus subtilis 625:0.12°  745:0.15°  6.82:0.14°  560+0.11°  542:011°  538:0.11°
Lactobacillus bulgaricus 578+0.11%  6.12+0.12°  6.80:0.14°  7.02:0.15°  7.25:0.15"  7.02:0.15°
Bacillug/Lactobacillus® 7284015  726:0.15°  7.12#¢0.15°  7.01:0.15°  6.85:0.14"  6.60+0.13"
Bacillus/Lactobacillus” 627£0.12°  625:0.12°  6.17¢0.12°  6.11x0.12°  6.01x0.12°  5.87:0.12°
Lactobacillus/Bacillus® 6.03:012%  600£0.12¢  597+0.12¢  6.03:0.12° 6.07£0.12°  6.12%0.12°
Lactobacillus/Bacillus” 6.76:0.13°  675:0.13°  675:0.13%  6.75:0.14°  6.78:0.14"  6.81:0.14"

) Values are meantSE; Means with different superscript on the same column are significantly different at p<0.05.

29 The secondary fermenttion was conducted after the primary fermentation for 20 hours and 40 hours, respectively.
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