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Abstract

This experiment was camied out to examine the fermentation properties of yogurt prepared with bovine milk
and soybean milk at the mixed ratios of 3:1, 2:1, 1:1, 1:2 and 1:3. The effect of bovine milk and soybean milk
on promoting the fermentation was higher and pH was 3.75~4.16 when Lactobacillus salivarius ssp. salivarius
CNU27, lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus
(ST36)] and Lactobacillus acidophilus KCTC3150 were used. Titratable acidity was the highest when lactic culture
" 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)] was used, and
the mixed ratio of bovine milk and soybean milk was 2:1. The average viable counts of lactic acid bacteria was
the highest level of 2.17x10° cfwml when Lactobacillus salivarius ssp. salivarius CNU27 was used, and the mixed
ratio of bovine milk and soybean milk was 1:3. The highest lactic acid production was 412.52 mM when lactic
culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)] was
used, and the mixed ratio of bovine milk and soybean milk was 1:1. The production of acetic acid was the highest
and the concentration was 394.01 mM when lactic cultwe 2(Bifidobacterium longum, Lactobacillus acidophilus,
Streptococcus salivarius ssp. thermophilus) was used, and the mixed ratio of bovine milk and soy bean milk was
3:1. In the carbohydrate hydrolysis, stachyose was hydrolyzed 53.92% as compared with the control when
Lactobacillus salivarius subsp. salivarius CNU27 was used, and the mixed ratio of bovine milk and soy bean milk
was 1:3. The highest viscosity of yogurt was 1,300~1,660 cP when the mixed ratio of bovine milk and soybean
milk was 1:3. The overall acceptability, 4.17+0.69, was the highest when Lactobacillus acidophilus KCTC3150 was
used and when the mixed ratio of bovine milk and soybean milk was 2:1.
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Table. 1. Changes of pH during the fermentation of skim milk and soybean milk at 37C for 15 hours

Substrate Fermentation time (hrs.)
D Culture
M :5) 0 3 6 9 12 15
_________ pH e e e e e === -

3:1 LA? 6.70 6.01 5.18 4.61 436 4.16
Ls? 6.71 6.20 5.24 456 425 407

LB? 6.72 4.64 4.03 3.84 3.82 3.79

BLY 6.72 572 5.11 475 4.66 457

2:1 LA 6.77 6.12 5.29 455 4.17 4.15
LS 6.72 6.18 5.17 420 3.92 3.88

LB 6.75 456 4.02 3.88 3.81 3.82

BL 6.74 5.82 5.03 473 465 452

1:1 LA 6.77 6.15 5.06 435 4.02 3.88
LS 6.79 6.05 4.99 434 3.81 3.75

LB 6.78 459 4.08 3.86 3.81 3.77

BL 6.78 5.81 5.01 4.65 456 4.49

1:2 LA 6.88 6.32 524 438 4.03 3.89
LS 6.86 6.23 5.24 438 4.05 3.91

LB 6.86 532 443 3.89 3.85 3.80

BL 6.84 5.90 499 463 452 448

1:3 LA 6.88 6.01 5.12 436 4.03 3.90
LS 6.89 5.82 4.94 4.28 4.01 3.89

LB 6.93 495 4.17 3.93 3.87 3.82

BL 6.93 5.94 4.88 4.60 451 448

Y Mixture ratio of skim milk and soybean milk.
? Lactobacillus acidophilus KCTC3150.
3 Lactobacillus salivarius subsp. salivarius CNU27.

9 Lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)].

% Lactic culture 2(B. longum, L. acidophilus, S. thermophilus).
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Table. 2. Changes of titratable acidity during the fermentation of skim milk and soybean milk at 37T for 15 hours

Substrate Fermentation time (hrs.)
M : )" Culture 0 6 9 12 15
--------- Titratable acidity - - - - - - - - -

3:1 LA? 0.24 0.54 0.87 1.23 1.59 1.80
Ls? 0.23 0.47 0.91 126 1.63 1.84

LB 0.24 0.64 1.20 1.92 2.10 2.13

BLY 0.22 0.41 0.59 0.92 1.20 1.61

2:1 LA 0.24 0.49 0.87 1.20 1.64 1.83
LS 0.23 0.47 0.88 1.20 1.72 1.98

LB 0.24 0.63 1.20 1.86 2.10 2.12

BL 0.22 0.51 0.78 0.98 125 1.57

1:1 LA 0.24 0.52 0.82 1.23 1.82 1.92
LS 023 0.52 0.82 1.22 1.76 2.02

LB 0.24 0.60 1.20 1.82 201 2.05

BL 0.22 0.35 0.59 0.90 1.22 1.66

1:2 LA 0.24 0.46 0.78 1.25 1.77 1.86
LS 0.23 0.49 0.83 1.20 1.65 1.96

LB 0.24 0.59 1.20 1.90 2.05 2.05

BL 0.22 0.42 0.69 0.98 1.24 1.49

1:3 LA 0.24 0.55 0.87 125 1.68 1.84
LS 0.23 0.59 0.88 1.20 1.70 1.97

LB 0.24 0.61 1.20 1.87 2.05 2.10

BL 0.22 0.48 0.75 1.05 1.29 1.63

" Mixture ratio of skim milk and soybean milk.
® Lactobacillus acidophilus KCTC3150.
» Lactobacillus salivarius subsp. salivarius CNU27.

9 Lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)].

% Lactic culture 2(B. longum, L. acidophilus, S. thermophilus).

varius subsp. salivarius CNU27-% A|2j38 T2 ~ELE] g5
2 BEY eF=E AHEFE UE 9A7HlA 12471
ok 10° cfwmLs HNFFE Uehlglen, o9 22 An
£ Kim 5(1999)0] thF-fol fAFo2 WENHE o 2
F 847kl <k 10° clumLE Ho) F42 et 279 §
AFSHAl UEr T

EEUQLTFEES RIA
Famd e 494 109 9 2 35 5
. THRTEZES Wi A citric acide] AR
Z8o] v]go] 1:1¢] A= wg Ao 12.79 mMe]
Al lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus
(LB12), Streptococcus salivarius ssp. thermophilus(ST36)12]
ETHEF AHE A 2054 mME 7b 57 AusTh w3
1:2 ¥] &l 19.14 mM, 1:3 H]-&AME 19.79 mMZE 7}

e

_I‘TI‘Q’]‘ T

=A Jebytch Tartaric acid?] e 959 F
3:101 A%

%] W&ol
lactic culture 2(B. longum, L. acidophilus, S.
thermophilus)2] Z3-dFoA 63.98 mM AJ4+E dhH, 1:39]
ASoE 468 mM2 13691} A A=A el o
2 FAETFE AN AE FRED e £ el
%&55 Tartaric acid®] GArEFo] 28 A Yehlo] &
7o) e ST weh il et o 4 92

t}. £3] lactic culture 1{Lactobacillus delbrueckii ssp. bul-
garicus(LB12), Streptococcus salivarius ssp. thermophilus
(ST36)]0ll A $-F-oF 72 BlEo] 1:33] 79l 223 mM
AR 3:191 25 30.35 mM AAtE ] 13.684 Bo]
A2 AT Lactic acide 2Hte] F8. #7142 24 Lacio-
bacillus salivarius subsp. salivarius CNU27 733 59} 55
ko] FoldFE 172.27 mMoj| A
ol¢} & A= CNU27 &F7}

o W& 3 THe
386.87 mM= Z7}38}% )
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Table 3. Changes of viable cell counts during the fermentation of skim milk and soybean milk at 37°C for 15 hours

FRENAF A A 252 A 43(2005)

Substrate

Fermentation time (hrs.)

M : S)° Culture 0 3 6 9 12 15
--------- Viable cell (cfwmL)- - - - - - - - -
3:1 LAY 1.20x107 4.22x10 1.42x10° 1.86x10° 1.71x10° 1.62x10°
Ls® 1.05x10’ 4.16%10’ 1.02x10° 1.91x10° 1.74x10° 1.29x10°
LB 1.00x10’ 1.16x10° 2.00x10° 2.40x10° 1.32x10° 3.89x10’
BL? 1.17x10 1.44x10° 4.90%10° 3.80x10° 1.74x10° 7.24x10
2:1 LA 1.23x10” 1.02x10° 2.06x10° 2.80x10° 3.31x10° 3.88x10°
LS 1.32x10’ 1.15x10° 2.40x10° 3.09x10° 4.07x10° 5.01x10°
LB 1.28x10 7.14x10’ 3.63x10° 1.95x10° 8.13x10’ 1.78x107
BL 1.26x10’ 5.25x107 3.19x10° 2.57x10° 1.58x10° 427x10°
1:1 LA 1.02x10’ 6.06x107 2.23x10° 2.89x10° 3.18x10° 3.81x10°
LS 1.15x10 5.15x10 1.75x10° 3.31x10° 3.98x10° 4.90x10’
LB 1.20x10’ 1.34x10° 3.68x10° 6.25x10° 3.63x10° 8.32x10
BL 1.12x10 2.07x10° 3.98x10° 2.90x10° 2.40x10° 1.74x10°
1:2 LA 1.26x10 7.11x107 2.69x10° 3.00x10° 3.00x10° 3.63x10°
LS 1.29x10 7.65x10 5.25x10° 6.31x10° 6.46x10° 7.76x10°
LB 1.33x10 2.29x10° 3.31x10° 2.20x10° 1.66x10° 1.12x10°
BL 1.23x10 2.02x10° 4.90x10° 3.89x10° 331x10° 2.79x10
1:3 LA 1.29x10 7.82x10 1.95x10° 3.65x10° 3.89x10° 3.94x10°
LS 1.45x10 7.03x10° 1.84x10° 2.58x10° 2.29x10° 2.17x10°
LB 1.34x10 1.22x10° 7.37x10° 5.62x10° 2.57x10° 1.26x10°
BL 1.32x10’ 3.52x10° 8.51x10° 7.76x10° 7.08x10° 5.37x10°

" Mixture ratio of skim milk and soymilk.
2 Lactobacillus acidophilus KCTC3150.

? Lactobacillus salivarius subsp. salivarius CNU27.

9 Lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)].

% Lactic culture 2(B. longum, L. acidophilus, S. thermophilus).

B-galactosidase Y%}t ol g} a-galactosidase = AJ4Hdlm = F
ol dE7 9L & He Aog YzhEn) Acetic acide]
At it I A E AGEEA A, HE R &
At O 2 A Bifidobacterium®] 7%, AJ3ste 5ol f714te
B2A & A9 AelM= Bifidobacteriumo] THATE &
A st= lactic culture 2(B. longum, L. acidophilus, S. thermo-
philus)o)| A9t acetic acid7t Zo] A=) o] AL &Ko
5o &3mr) 300, 2:1904 2}z 394.01 mM¥} 284,12 mM
2 A AAEAT 1, 12, 13 EFE M E 22} 193.03
mM, 144.85 mM, 140.56 mM AJ4tE]jo] $-72] o] &L
& Bifidobacteriumol| 2|3} acetic acid®] $HFo] A Ak
2 AgE ekl v, 3% 8419 Lactobacillus acido-
philus KCTC3150, Lactobacillus salivarius subsp. salivarius
CNU27, lactic culture 1[Lactobacillus delbrueckii ssp. bul-

garicus(LB12), Streptococcus salivarius ssp. thermophilus

(ST36)ol M= LEA Felet FAHAl YR acetic acid©]
Aakol IRtk o3 e {74kl AYZE A= Son B
(1999)°] Bifidobacteriumo] 23 ¥3t% 429 &3 fAkto.
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Table 4. Contents of organic acids after the fermentation of skim milk and soybean milk at 37C for 15 hours

Substrate Organic acid (mM)
M : S)” Culture Citric acid Tartaric acid Lactic acid Acetic acid

3:1 Congrol” 10.53 16.73 18.32 15.95
LAY 9.39 27.91 184.28 10.79
Ls? 17.20 43.63 17227 19.63
LBY 12.50 30.35 325.70 22.84
BL? 16.93 63.98 277.35 394.01

2:1 Control 14.72 16.10 10.52 14.80
LA 773 25.63 164.83 12.77
LS 9.26 25.88 223.89 17.42
LB 11.63 19.86 324.58 23.37
BL(cfw/mL) 17.28 59.63 262.89 384.12

1:1 Control 12.79 15.24 15.60 14.00
LA 10.28 24.91 222.99 11.06
LS 10.53 23.42 300.62 17.07
LB 20.54 9.83 412.52 15.41
BL 10.57 28.11 183.24 193.03

1:2 Control 15.61 17.78 - 17.19 15.97
LA 1033 18.27 204,37 11.65
LS 13.29 21.17 351.57 16.88
LB 19.14 7.66 301.24 12.42
BL 15.49 29.90 156.83 144.85

1:3 Control 16.26 18.55 12.71 13.70
LA 14.84 19.25 262.16 10.93
LS 12.87 14.44 386.87 17.34
LB 19.79 2.23 271.15 8.66
BL 18.80 4.68 172.22 140.56

* R 0.995564 0.998457 0.996853 0.998854

D Mixture ratio of skim milk and soybean milk.

? Contents of organic acids before fermentation of skim milk and soymilk.

* Lactobacillus acidophilus KCTC3150.
Y Lactobacillus salivarius subsp. salivarius CNU27.

% Lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)].

® Lactic culture 2 (B. longum, L. acidophilus, S. thermophilus).

* Correlation coefficients between amount and area in standard calibration of organic acids by HPLC.
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Table 5. Contents of carbohydrate after the fermentation of skim milk and soybean milk at 37C for 15 hours

Substrate Carbohydrate (%)
™M : 9" Culture Stachyose Lactose glucose galactose

3:1 Control” 1.90 2.33 033 0.32
LA” 1.74 1.84 0.28 0.19
Ls? 126 172 0.21 0.18
LB 1.83 1.14 0.30 0.28
BL? 1.53 1.16 0.32 0.31

2:1 Control 2.19 1.89 0.42 0.36
LA 1.81 171 0.32 0.29
LS 124 1.61 0.28 0.29
LB 191 0.92 0.41 0.36
BL 1.62 1.04 0.39 0.40

1:1 Control 2.53 1.70 047 0.49
LA 1.97 1.37 0.34 0.40
LS 1.30 1.23 0.35 0.38
LB 2.00 0.91 0.45 0.52
BL 1.60 1.04 0.49 0.52

1:2 Control 2.58 118 ' 0.67 0.58
LA 1.85 1.00 0.56 0.54
LS 1.26 0.92 0.48 0.51
LB 1.95 0.64 0.57 0.66
BL 1.64 0.73 0.60 0.66

1:3 Control 2.93 0.90 0.62 0.63
LA 2.03 0.83 0.57 0.56
LS 1.35 0.85 0.53 0.57
LB 2.03 0.51 0.54 0.63
BL 1.76 0.65 0.62 0.73

*R2 0.999992 0.990286 0.995235 0.999989

Y Mixture ratio of skim milk and soybean milk.

2 Contents of carbohydrate before fermentation of skim milk and soymilk.

3 Lactobacillus acidophilus KCTC3150.
9 Lactobacillus salivarius subsp. salivarius CNU27.

% Lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)].

9 Lactic culture 2(B. longum, L. acidophilus, S. thermophilus).

" Correlation coefficients between amount and area in standard calibration of carbohydrate by HPLC.
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Table 6. Viscosity after the fermentation of milk and soybean
milk at 37C for 15 hours

o ciure A ey
3:1 LAY 820
Ls? 740
LBY 860
BL” 1,080
2:1 LA 860
LS 890
LB 1,100
BL 1,180
1:1 LA 1,000
LS 1,010
LB 1,100
BL 1,500
1:2 LA 1,120
LS 1,140
LB 1,240
BL 1,580
1:3 LA 1,300
LS 1,280
LB 1,460
BL 1,660

) Mixture ratio of skim milk and soybean milk.

) Lactobacillus acidophilus KCTC3150.

? Lactobacillus salivarius subsp. salivarius CNU27.

» Lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12),
Streptococcus salivarius ssp. thermophilus(ST36)].

9 Lactic culture 2(B. longum, L. acidophilus, S. thermophilus).

(1997 £2] hF e $goio] Jed
glom, Kim §(1990)& $-f 3 BEge FHe
A7) 29l Fo stz Baslgch £ 4

oko] Z713td wel e FEES ArE

ssteF=EQ BsHAl

Starter 5 457 °1831] $-f9 Fho) Tyulel e}
yogurtE | &sled vkt & AGLbwErt 1.0£02% 2 =AU &
o 4T W2t Askm, 12403 W F SRR BEA}
2 AN Avke 49 S4e) TgvI 2EE ] SRl
w2t 7| 5erh 49l Aok dEE & o UATHTable 7).
79 F7e vl&e| 3:1¢91 A Lactobacillus salivarius
subsp. salivarius CNU27E AEJEE A3 QT2 E9] 7]
%7} 4.00£0.582 7HF #A YESTE Table 79 71555
28 3led B 9§99 T30 £33} 2:12 Lactobacillus

QT7EEY EXY 491

Bl
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Table 7. Sensory evaluation after the fermentation of milk and soybean milk at 37C for 15 hours

Substrate

Sensory evaluation

1 Culture .
M:8) Odor Taste Mouth Feel Color Overall Acceptability
3:1 LA? 4.17+0.37* 3.5040.76 3.67+0.47 4.00+1.00 3.90+0.50
Ls? 4.50+0.50 3.60+0.37 3.50+0.50 4.00+0.82 4.00+0.58
LBY 4.50+0.50 3.17+0.37 3.3440.58 3.67+0.47 3.17+0.69
BL? 4.50+0.76 3.1720.37 3.38+0.90 3.67+0.94 3.33+0.94
2:1 LA 4.17£0.37 3.67+0.75 3.830.69 4.17+0.37 4.1740.69
LS 4.50+0.50 3.60+1.00 3.56+0.82 4.00+1.00 3.90+1.07
LB 4.00+0.82 3.17+1.07 3.5040.75 3.56+1.00 3.0040.76
BL 4.1740.69 3.1740.37 3.33+0.94 3.8340.90 3.1740.69
1:1 LA 3.83+0.37 3.00+1.15 3.00£1.15 3.50+0.96 3.00+1.29
LS 4.17+0.69 3.17+1.34 3.10+1.07 4.00+0.82 3.57+0.90
LB 4.00+0.82 2.8340.69 2.72+0.75 3.301.07 2.83+0.90
BL 3.83+0.69 3.000.58 2.83+1.07 3.67+0.94 2.5040.76
1:2 LA 3.3340.47 3.1740.37 3.3340.75 3.67+0.47 3.1640.75
LS 4.00+0.58 3.1740.69 3.50+1.12 3.6740.75 3.1240.94
LB 4.00+£0.58 3.0040.58 3.17£1.21 3.5040.96 3.001.00
BL 3.5040.76 3.000.58 2.67+1.25 3.67£1.11 2.6740.94
1:3 LA 3.3340.47 3.000.58 3.6740.47 3.50+0.76 2.5040.50
LS 3.5040.96 3.1740.37 3.500.50 3.67+0.47 2.6740.69
LB 3.3340.75 3.3340.75 3.504+1.38 3.5040.76 2.57+1.34
BL 3.5040.76 2.674£0.47 3.0041.15 3.8340.90 2.60+0.58
*Means£SD.

Y Mixture ratio of skim milk and soybean milk.
? Lactobacillus acidophilus KCTC3150.
3 Lactobacillus salivarius subsp. salivarius CNU27.

? Lactic culture 1[Lactobacillus delbrueckii ssp. bulgaricus(LB12), Streptococcus salivarius ssp. thermophilus(ST36)].
) Lactic culture 2(B. longum, L. acidophilus, S. thermophilus).

salivarius CNU27E AE}E 2 ALL-3 R 2 E V] 4.00+0.58
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