KOREAN J. FOOD SCI. TECHNOL.
Vol. 21, No. 3, pp 379~ 386 (1989)

0|4E Protease £ Papain 22 X2|E TILoAM
Ao BAeRE HWFRTEES HZE

el

4ol 2ol St 4 E of o2k

Acid Production by Lactic Acid Bacteria in Soy Milk Treated by
Microbial Protease or Papain and Preparation of Soy Yogurt
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Abstract

The soy milk prepared from soy protein concentrate was treated with microbial protease or pa-
pain. Growth and acid production by Lactobacillus acidophilus in soy milk containing partially hy-
drolyzed proteins were investigated. Sensory evaluation of yogurt beverage prepared from pro-
tease treated soy milk was also performed. Protease treatment of soy milk enhanced acid produc-
tion by lactic acid bacteria, particularly in case of microbial protease and simultaneous treatment
by two types of protease showed synergistic effect. pH and number of viable cells were not af-
fected markedly by protease treatment. Microbial protease treatment up to 15 minutes or papain
treatment up to 45 minutes enhanced acid production, but further treatment up to three hours did
not dffect the acidity markedly. The sensory evaluation showed that overall acceptability and
taste of soy yogurt beverage were slightly improved when soy milk was treated with microbial
protease of 0.2% or papain of 0.2%. The amount of non-protein nitrogen considerably increased
by protease treatment of 15 minutes and it increased gradually by further treatment up to three

hours.
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Table 1. Effect of concentration of microbicl protease or papain on acid production by L. acidophilus in soy milk®

Type of

Microbial protease Papain
protease

Cone. of pH % TA9 % ot control pH %TAS % of control
protease (%)b

0 {control) 3.76 0.553+0.004 100 3.83 0.566+0.007 100
0.1 3.73 0.621£0.015 112 3.77 0.617 £0.004 109
0.2 3.73 0.617 +0.004 112 3.77 0.624:0.013 110
0.5 3.73 0.651+0.007 118 3.82 0.626£0.011 11
1 3.73 0.656 +0.009 19 3.81 0.630+0.010 m
2 3.74 0.656+0.011 19 3.81 0.624+0.029 110
5 3.74 0.695+0.015 126 3.80 0.699+0.011 123

a) Soy milk was treated with protease at 50°C and added with glucose of 1%.
b) Conc. of protease was expressed as g protease per 100g SPC in soy milk.

¢) Mean values and standard deviation of four replications.

%TA: % Titratable acidity as lactic acid. Values reported represent the difference between TA of an incubated sample and that of an

identically treated, but unincubated sample.
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Table 2. Synergistic effect of microbial protease and pa-
pain on acid production by L. acidophilus in soy milk®

Conc. of

Conc. of %
microbial  papain (%)% pH % TAY of control
protease (%))
0 0 (control) 3.78 0.553+0.012 100
0.1 0.1 3.76 0.617x0.011 112
0.2 0.2 3.73 0.626£0.017 113
0.5 0.5 3.75 0.659+0.011 119
) i 3.73 0.710+£0.007 128
2 2 3.69 0.771:£0.007 139
5 5 3.69 0.795+0.022 144
a) b) ¢) See footnote in Table 1.
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Table 3. Effect of cysteine on acid production by L. aci-
dophilus in soy milk®

Conc. of Conc. of %
pH Y%TAC of control

cysteine (%)% papain (%)b
0 {control) 5 3.82 0.704+0.008 100
0.01 5 3.80 0.695+£0.011 99
0.02 5 3.76 0.767+£0.011 109
0.05 5 3.69 0.842+0.007 120
0.1 5 3.66 0.830:£0.004 118
0.2 5 3.63 0.770£0.007 109
0.5 5 3.53 0.761+0.005 108

a) b) ¢) See footnote in Table 1.

d) Concentration of cysteine (Lcysteine-HCl-hydrate, GR,
Kishida Chemical Co.) was expressed as g cysteine per100 mi
milk,
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Table 4. Effect of hydrolysis time on acid production by L. acidophilus in soy milk

Type of Microbial protease Papain
protease
Reaction time pH %TAD % of control pH %TAD % of control
0 ({control) 3.80 0.550+0.007 100 3.73 0.552x0.004 100
15 min 3.77 0.613+0.011 m 3.72 0.572+0.006 104
30 min 3.76 0.624£0.007 113 an 0.581+£0.008 105
45 min 3.76 0.624+0.007 113 3.68 0.604+£0.007 109
1 hr 3.75 0.6240 113 3.69 0.604 £0.007 109
2 hr 3.75 0.624+£0.004 113 3.69 0.610+0.004 m
3 hr 3.77 0.624+0.007 113 3.69 0.613+0.004 m

a) Soy milk was treated with protease of 0.2% at 50°C and added with glucose of 1%

b) Mean values and standard deviation of four replications.
%TA: Corrected value
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Table 5. Effect of hydrolysis time on acid production by L. acidophilus in soy milk treated with microbial protease and pa-
pain®

Reaction Conc. of Conc. of
time microbial papain (%) pH %TAD % of control
protease (%)
0 (control) 0.2 0.2 3.85 0.549+0 100
15 min 0.2 0.2 3.82 0.615£0.011 112
30 min 0.2 0.2 3.81 0.624+0.007 114
45 min 0.2 0.2 3.84 0.624£0.013 114
1 hr 0.2 0.2 3.81 0.631+0.012 115
2 hr 0.2 0.2 3.79 0.638£0.009 116
3 hr 0.2 0.2 3.82 0.6440.011 117

a) b} See footnote in Table 4.

Table 6. Effect of protease treatment on growth and acid production by L. acidophilus in soy milk®

Type of Culture time (hr)

protease 0 6 12 18 24 30 48

Control 0 0.143 0.309 0.426 0.559 0.625 0.720

{+0.004) (+0.004) {£0.004) (+0.016) (£0.012) (+0.007)

Titratable Microbiol 0 0.156 0.366 0.504 0.626 0.700 0.819

protease (+0.004) (£0.004) (0 i (£0.009) (+£0.022) (+0.006)
acidity (%)®) Papain 0 0.150 0.357 0.504 0.624 0.699 0.819

{x0.004) (£0.004) {0 ) (£0.016) (+0.036) (+0.006)

Microbial 0 0.189 0.384 0.519 0.632 0.714 0.819

protease (£0.007)  (+0.004)  (£0.008) (x0.017) (£0.026) {+0 )

and papain

Control 6.25 490 4.26 3.98 3.86 3.82 3.70
pH Microbial

protease 6.14 4.73 4.15 3.95 3.81 3.80 3.60

Papain 6.18 4.78 4.19 3.90 3.80 3.84 3.61

Microbial

protease. 6.11 4.67 4.15 3.92 3.82 3.81 3.65

and papain

Control 8.4x107 3.4x108 1.6x10° 1.5x10° 2.0x10° 1.2x10° 1.1x10°
Viable cell  Microbial 8 g 9 S 9 8
count protease 7.9x107 2.8x 10 1.2x10 12x10 1.3x10 1.2x10 9.0x10
(CFU/ml)  Papain 7.2x107 3.5x108 1.4x107 1.0x107 1.7x107 1.6x10°  7.0x108

Microbial

protease 8.8x 107 3.2x108 13x109 1.1x10° 1.6x10% 1.4x10° 7 0x 108

and papain

a) b) See footnote in Table 4.
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Table 7. Effect of protease treatment of soy milk on
flavor of soy yogurt beverage®

Type of Averoge flavor score
protease Overall

acceptability  Taste Texture
Microbial
protease 585a 5300 525a
Papain 5.45 ab 5150 5.00a
Reference 5.05 be 5.05a 5050
Microbial
protease 4.65¢ 495¢q 5.10a
ond papain

a) Soy milk was treated with protease of 0.2% for one hour
at 50°C and added with glucose of 1%.

Any two means not followed by the same letter are significantly
different at the 5% level. The scores were assigned numerical
values 1 to 9 with 'no difference between somple and refe-
rence’” equaling 5, “‘extremely better than reference’” equaling
9 and “‘extremely inferior to reference’’ equaling 1.
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Table 8. Changes in TCA soluble nitrogen during protease treatment of soy milk”

Type of protease

Reaction Microbial protease Papain Microbial protease and papain

time () TCA (I} Total Al (1) TCA (1) Total 171 1) TCA 1) Total i1
soluble N {mg) (%) soluble N {mg) (%) soluble N {mg) (%)
N{mg) N(mg) N{mg)

0 8.4x0 433.3:28 1.9 8.4+0  431.9:1.7 1.9 9.8x0 436.7+2.8 2.2
15 min 82.1+1.3 433.3:2.8 18.9 57.4£1.2 4319217 13.3 110.7+1.2 436.7+2.8 25.3
30 min 86.9+2.0 433.3+2.8 20.1 58.8+0  431.9x1.7 13.6 114.9+0 436.7:2.8 26.3
45 min 93.9:+1.4 433.3x2.8 1.7 60.2£1.2 431.9x1.7 13.9 126.1£0 436.7+2.8 28.9

1 hr 98.9+1.6 433.3+2.8 22.8 64.4+0 4319217 14.9 128.9+£2.3 436.7+2.8 29.5

2 hr 114.9+2.3 433.3+2.8 26.5 65.8+1.4 431.9x1.7 15.2 147.1 £1.7 436.7+2.8 33.7

3 hr 128.1+1.3 433.3:2.8 29.6 67.2x0 4319217 15.6 159.7+0 436.7+2.8 36.6

a) Mean values (and standard deviation) of three replications. Values are expressed as mg of nitrogen in 100 ml soy milk. Soy mitk

was treated with protease of 0.2% ot 50°C.
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