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Abstract

The soy milk prepared from soy protein concentrate was treated with protease of various
concentrations. Growth and acid production by Lactobacillus acidophilus or L. bulgaricus in soy
milk containing partially hydrolyzed protein were investigated. Sensory evaluation of soy yogurt
beverages prepared from protease treated soy milk was also performed. The treatment of soy
milk with protease markedly enhanced acid production by lactic acid bacteria, particularly by L.
acidophilus, whereas pH and number of viable cells were not affected by protease treatment.
Protease treatment of 15 minutes greatly enhanced acid production by lactic acid bacteria, but
further treatment up to three hours did not affect the acidity markedly. The sensory evaluation
showed that overall acceptability of soy yogurt beverages was slightly improved when soy milk
was treated with protease of 0.1%. The amount of non-protein nitrogen was considerably
increased by protease treatment of 15 minutes and it reached the maximum value by treatment

of two hours.
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Lactobacillus acidophilus(KFCC 12731)$} Lacto-
bacillus bulgaricus(AKU 1125) 235§ A3l 4}
L3130 HAHFFe] BEg vl x| 25 MRS T
(Oxoid Limited)& <23kt

5572 M= ¥ protease X2|
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Table 1. Effects of concentration of protease and glucose on acid production by L. acidophilus in soy
milk®
Conc. of
glucose (%) 0 0.5 1 2 3
Conc. of
protease (%) %TA® pH WBTA pH %TA pH %TA pH %TA pH
0 0 5.80 0.29 4.00 0.39 3.80 0.39 3.85 0.39 3.90
0.1 0 6.00 0.37 3.90 0.49 3.65 0.48 3.70 0.49 3.70
0.2 0 5.95 0.37 3.90 0.50 3.65 0.49 3.65 0.50 3.65
0.5 0 5.95 0.38 3.85 0.50 3.65 0.50 3.70 0.51 3.65
1 o] 5.90 0.39 3.90 0.50 3.70 0.50 3.70 0.52 3.70
2 0 5.95 0.39 3.85 0.54 3.65 0.54 3.65 0.53 3.65
5 0 5.85 0.42 3.90 0.60 3.60 0.59 3.65 0.60 3.60

al Values are averages of four experiments. Protein in soy molk was hydrolyzed for one hour at 50°C.
bl Conc. of protease was expressed os basis of weight of SPC in soy mitk

o) %TA: % Titratable acidity as lactic acid. Values reported represent the titratable acidity of an incubated sample minus

that of an identicaily treated, but unincubated sample.

Table 2. Effects of concentration of protease and giucose on acid production by L. bulgaricus in soy

milk®
Conc. of
glucose (%) 0 0.5 1 2 3
Conc. of
protease (%) %TA® pH %TA pH %TA pH %TA pH %TA pH

o} W] 6.00 0.41 3.95 0.68 3.65 0.68 3.60 0.70 3.55
0.1 0 5.95 0.41 3.90 0.73 3.55 0.79 3.50 0.77 3.50
0.2 0 5.90 0.42 3.90 0.73 3.50 0.80 3.45 0.78 3.50
0.5 0 5.75 0.42 3.90 0.74 3.55 0.78 3.50 0.78 3.55
1 (¢} 5.65 0.42 3.95 0.74 3.5% 0.79 3.50 0.79 3.55
2 0.02 5.35 Q.42 3.90 0.73 3.60 0.78 3.55 0.79 3.50
5 0.14 4.65 0.44 3.95 0.78 3.55 0.82 3.50 0.83 3.50

a} b) ¢ See footnote in Table 1
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Table 3. Effects of hydrolysis time on ocid production o ol 58 50C71Al &2l A7k H4 345

by L. acidophilus in soy milk® 9 S-fo A el sl 95CE Rl A7l
Cone. of Boh7t ol ol A 15 A BoAME A4 4R T
Qrotease (%) o 0.5 5

Reaction - : Hl 7t ol Fojd Zleg QYHch & APl 428

time %TA”PH  HTA PH  %TA pH protease & u|4& 7]¥2l protease & HA 2x7t

0 0.42 4.00 0.41 4.00 0.41 4.00 50C H-Zolx|gt 30°C olslol A48 80Col B& pro-

15min 0.48 3.90 0.48 4,00 0.58 23.85 tease ¥A& Uvele Ao °a}a“7’1 gz;}(so)_

30min 0.50 3.90 0.48 4.00 0.8 3.85

45min 0.50 3.90 0.47 4,05 0.60 3.85

b = ARtol AL} AFAHA{O

thr 0.50 3.95 0.49 4.00 059 3.85 HheAIZION mhE RLEFS WS3t del wat

2hr 0.50 3.95 0.50 3.95 062 3.90 + Aol Ffel protease £ 0.1%, 0.5% £+

3hr 0.50 3.90 0.50 4.00 0.65 3.80 5% ZFstaL 50CelA A2 S ¥ A4S
ol Values are averages of four experments. Soy milk wos st 48AZE St i FA A AAE e 45T 44
treated with proteose at 50°C ond fortified with glucose(1%, q& | o
w/vl.

Table 5= L. acdiophilus &) 83} 4444 Ho
Fod HA ATE B efof A2 A A7l HA
protease ¥ 8] A &9 4bE7} of =3 (protease 0%)%
o} AA&A x929 protease HE] AB Alolo &=
Pv— 5%7F 0.1%4 0,5%5.ck 3k pH o HEE 29
protease (%) 01 0b 5 protease 42 A &2 pH 7} l&Fxc} ch4 Hgrov
protease ] A& ololl M= FAF Zol7t gl
Agao WEHE ¥E 239 Jojx] 3K E oo 3}

b} %TA: Corrected value

Table 4. Effects of hydrolysis time on oicd production
by L. bulgaricus in soy milk®

Reaction )
time %TA pH %TA pH %TA pH

. oo e oo im0 T ol gsen] AR 124260 1842 Abelel Bj4)

30min 0:76 3:75 0.77 3.70 0.78 3.70 hERer AR AN ASHE A28 A%

45min 0.77 375 0.77 3.75 0.78 3.75 .

thr 0.76 3.75 0.77 370 0.78 3.80 ¥ L. bulgaricus 2| 73-5-5 2 (Table 6), pro-

2hr 0.76 3.75 0.77 3.75 0.79 3.80 tease dg] A|Eeo] A7t dizgRc 4 Fgod

3hr 0.77 3.75 0.78 3.5 0.80 3.80 protease 4 €] & 34| & sfojol A= 5% 7} oh4 & A
ol bl See footnote in Table 3 2 Bk pH = 124 77hA] &= 7o) bk F9ko

Table 5. Effects of protease treatment on growth and  acid production by L. acidophilus in soy milk®

Conc. of Culture time (hr)

protease (%) 0 6 12 18 24 30 48

. 0 0 0.06 0.23 0.35 0.43 0.45 0.62
Titratable 0.1 0 0.08 0.32 0.48 0.50 0.51 0.68
acidity (%) 0.5 0 0.10 0.29 0.48 0.54 0.52 0.71
5.0 0 0.11 0.38 0.50 . 0.58 0.63 0.79

0 6.20 5.35 4.40 4,15 4.05 4.00 3.80

pH 0.1 6.15 5.10 4.15 4.00 3.95 3.90 3.75

0.5 6.05 5.05 4.30 4,05 3.95 3.95 .75

5.0 5.90 4.95 4.15 4.05 3.95 3.90 3.75
0 3.8x107  3.7x10°  7.4x10°  1.3x10° 1.2x10° 1.3x10°  1.2x10°
Viable cell count 0.1 5.6x107  5.0x10®  1.6x10° 2.0x10°~ 1.5x10° 9.2x10° 9.3x10°
(CFU/ml) 0.5 4.3x107  4.3x10°  7.3x10°  i.1x10°  1.5x10° 7.5x10°  1.3x10°
5.0 4.5x107  3.4x10%  1.2x10° 1.5x10° 1.6x10° 9.9x10° 1.1x10°

al Values are average of four experiments. Soy milk was treated for one hour at 50°C and fortified with glucosel1%, w/vi.
b) %TA: Corrected value
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Table 6. Effects of protease treatment on growth and ocid production by L. bulgaricus In soy milk®
Conc. of Culture time (hr)

protease (%) g 6 12 18 24 30 48

0 0 0.13 0.40 0.60 0.72 0.80 0.88

Titratable 0.1 0 0.15 0.48 0.68 0.78 0.86 0.89
acidity (%) 0.5 0 0.16 0.51 0.66 0.78 0.83 0.89
5.0 0 0.17 0.51 0.70 0.80 0.86 0.90

0 6.25 4.90 4,05 3.85 3.70 3.65 3.65

pH 0.1 6.20 4,70 3.90 3.75 3.65 3.60 3.65

0.5 6.10 4.70 3.95 3.85 3.70 3.70 3.70

5.0 5.95 4,75 3.95 3.85 3.80 3.75 3.75
0 3.2x107  2.6x10%  5.0x10® 1.1x10° 1.8x10° 2.2x10° 3.0x10°
Viable cell count 0.1 3.5x107  1.9x10° 8.2x10° 1.3x10° 1.5x10° 2.3x10° 2.7x10°
(CFU/mt) 0.5 3.3x107 2.2x10®  1.1x10° 1.3x10° 1.4x10° 1.3x10° 1.6x10°
5.0 4.2x107  2.1x10®  1.4x10% 1.3x10° 1.4x10° 1.0x10° 2.6x10°

al bl See footnote in Table 5

4 1841 748 = protease ¥ 8] Al &9} 7-13817] o2 {
ot A 275t v ] 34 & <folof 2ol 7} 9131
2o thA| 2 124 2kl A 184 7t 4fo]ell wl47)7h Byt
o] 484 7tel= ApE 7o) FolA e Aoz g

ol 39 Ay Mol Fol wel o]} Yoy
protease A #of] 2} she] AR 2l3 Al o) Ay
22 &A= 2o g velged 2ol fE WA s
Eolof 25le] A48 peptides 7+ A Aol o] A A
2 FAA7 7 wFoleta B4 S T2 E Aol 4}
S5 5 A4 Ydubdg oz o Yal5Eo) g A
22 g Yoo,

WL Tl 0.0008%<] protease & 713t 3 L,
acidophilus & AEsta 3TCHA 244 7F wfoFstH A
AR 483 44495 BE3 =, protease ]
A7} A&l B8k priotease H 7t Al BollA A A-F2
A3 Aggel B A FAH ot Baskych £
Afols QoA AINE 2w L acidophilus & B
protease M 2] & At Go] FAHE &= H2 75w A
Aakel 1 7 gko] A 2 2] sk|at Z]-50el 8ol 4
Y A4 FAEIAV} dgks) dA s ekglen 4
F5e) S7kE Bolx| gkgir), o) g} o] p4 ARG 2
b g ol s F AP MEe Wilo) & hEA
o]t ), &, HE5Me A¥elMe 28k
TE2NE -8 eI, 5%l protease & 3 7lE
F A AS AEete] hiid sldae ANEE 5
Ao AABIG = o] 212 ¥ APl A8 Y whyats
ch4 AHES el ch
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Fhsta 50CAA 1A e E F 28 HAidg
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Table 7ol vtehid vhe} o] AAH 713 = (over-
all acceptability)= protease 0.1%7t 7% ¥
protease 5%7F 7t 2ot FFA &, protease 0,1
% W 0.5% «tolelx 5% FTelM o127t YAk
§H oH(taste)-2 protease 0,1%Y TFA B7 7HR
%1 protease 5%7F 7HA kot Al 49 A& 4}
ololl & 5% FFoll A4 FelArt ggich ebAtog 24
7texture) S BH Al H o8 FFA B} FE Hol
protease 5%7} 713 $3k2 1 protease H gl A & 4ol
of ol AAH Q) 7| E5 U gkl FeuE AR =
&gkt

ol el Hitg ®olx F %59 protease(0, 1%)
Helo] oty ciFHAFSEY] AAHU ZIEETH
i A s ez 47", %8 552 protease
e T4 S8 Aol 238 AalEe
gl ol f T A JREs g A A A A4S A 8t
A7l 52 peptides 7} 3HeFo g 43 5] 7] Wl A
o2 AR

Protease X{Z|0fl oI5t TCA B3 HAo| ¥5}

2 A%l 4= protease 18} 2 A48 FEye A4
{non-protein nitrogen) e ##-e F8}7) A5t 4A
47t AR A Al 8E TCA 8422 A& s
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Table 7. Effects of protease treatment of soy mitk on fiavor of soy yogurt beverage®

Type of yogurt L. acidophilus L. bulgaricus
beverage Overall QOverall

acceptability Taste Texture acceptability Taste Texture
Soy yogurt
beverage (R) 5.17a 5.05a 5.00a 5.14a 5.06a 5.06a
SYB treated with 5.38a 5.10a 4.94a s.41a 5.068 5.00a
protease 0.1%
SYB treated with .
protease 0.5% 5.21a 4.85a 5.00a 5.32a 5.00a 5.00a
SYB treated with 4.000 3900 4.44b 4.09 4.06b 4.65b

protease 5%

al Soy milk was treated with protease for one hour ot 50°C and fortified with glucose(1%, w/vl, Any two means not
followed by the same letter are significantly different ot the 5% level. The scores were assigned numerical values 1 to 9
with “no difference between somple ond reference’ equaling 5, "extremely better than reference” equaling ¢ and

“exiremely inferior to reference” equaling 1

Table 8. Changes in TCA soluble nitrogen during profease trectment of soy mitk®

Concentration of protease (%)

R R 0.1 0.5 5

eaction

time mica (I)Total 171 (NTCA {INTotal i/ (NTCA (I Totat i
soluble N (mg) (%) soluble N (mg) (%) soluble N (mg) (%)
N (mg) N (mg) N (mg)

4] 8.4 437.7 1.9 8.4 437.0 1.9 9.8 432.2 2.3

15min 57.4 437.7 13.1 131.7 437.0 30.1  262.0 432.2 60.6

30min 65.8 437.7 15.0 146.4 437.0 33.5 278.0 432.2 64.3

45min 73.5 437.7 16.8 155.6 437.0 35.6 283.0 432.2 65.5

1hr 79.8 437.7 18.2 165.2 437.0 37.8 289.8 432.2 67.1

2hr 93.8 437.7 21.4  189.0 437.0 43.2 304.6 432.2 70.5

3hr 93.8 437.7 21.4 189.8 437.0 43.4 305.2 432.2 70.6

al Volues are averages of two experiments. Values ore expressed as mg of nitrogen in 100m/ soy milk. Soy mitk was
treoted with protease at 50°C

Table 8 vteld uke} Zro] protease 0.1%, 0.5%. s Erbs AR BAloh Ao g Qg
5% o= 731} Fh-g3] A 7bo] 24) 7t 73 bt At w] ke

B} A9 jhao] Hojjel sl oo 158 o] ¥ 2 o
2 428 3¢} protease = M2 st7] B A Boll ¥
e d e A SR B ESE FHE e 2 dFo e FSu e e {5 vHER pro-

2 3AEn] Fhra] A Zh 1580 v e] o] 3 tease & ol &30 ) F A & i stx] R & i
7t & AL G E U vhet o] 5ol protease S, o) A8 SHgEAE FRelA L. acido-
& 7t el o] EF 50T S8 At philus T L. bulgaricus & 853 4348 #%3}
B4E BHAYI(95C, 30)40717] sl &2 & % Z AZY AFRAFSR W4 ZASKh
€ ol A FlEairt doj iyl wiFal o2 Az protease # 2ol 2l &te] A Abgol o3t A4 el A5
ok, Zhgsl Ajzte) AabE x4Hg AY (Table 3 Ad=dl =3) L. acidophilus A &% 4840 BASHA
Table 4)0ll 4 2547t 1580 ojn} k% 7} Hofxjol 4 ZA5c, 28 pH 9 Ao & Har @ik
gs] 2% A2 £ A9 ZA(Table 8)oll viehd vt 158 7ha=ga A Boll4 olu] 4bx7t 493l FHetgl e
o} o) M-S A ZF 1580 o)u} witkle) HAo) Fhafo) o 1 % 347t} A st ® Ak el W A A @&
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