KOREAN J. SOC. FOOD SCi.
Vol. 15, No. 1, February, 1999

Sjo| ZRet &4

X
E3E

A2lot BE|SFEiez HxE
o0 DIXl= He

ol%ad - oA
Foem AEdFty

Effects of Sweeteners and Enzyme Treatments on the Quality
Attributes of Soy Yogurt Containing Soy Protein Isolate

Sook Young Lee and Kyong Nam Oh

Department of Food and Nutrition, Chung-Ang University San 40-1, Nae-ri,
Daeduk-myun, Ansung-si, Kyungki-do, 456-756, Korea

Abstract

This study was carried out to investigate the effects of enzyme treatments on the functional properties of
soy protein isolate (SPI) and to examine the quality attributes of soy yogurt prepared by different enzyme
treatments, sweeteners and starter cultures. Enzyme treatment increased the solubility and emulsifying capacity
of soy proteins, but decreased the emulsifying stability; the enzymatic activity of o-chymotrypsin was higher
than that of trypsin. Enzyme treatments decreased the pH of soy yogurts prepared by both culture methods,
the culture of L. bulgaricus and S. thermophilus and the culture of L. bulgaricus and K. fragilis, but increased
the titratable acidity, total numbers of lactic acid bacteria and yeast. Trypsin was more effective than o-
chymotrypsin in decreasing pH and increasing titratable acidity and total numbers of lactic acid bacteria and
yeast. Fructose decreased the pH of soy yogurts more than sucrose in the culture of L. bulgaricus and S.
thermophilus, and vice versa in the culture of L. bulgaricus and K. fragilis. Fructooligosaccharides were more
effective in the culture of L. bulgaricus and K. fragilis than in the culture of L. bulgaricus and S.
thermophilus in increasing the titratable acidity, total count of lactic acid bacteria and yeast. In sensory
evaluation, soy yogurts containing trypsin treated SPI, fructose and fructooligosaccharides (75%:25%) were
more acceptable than those containing untreated ot trypsin treated SPI and fructose. This was because of more
smooth and less sour, in which the values of pH, titratable acidity, microbial growth, and viscosity were in
the range of commercial yogurts. Soy yogurts fermented by L. bulgaricus and K. fragilis showed more
smooth mouthfeel than those fermented by L. bulgaricus and S. thermophilus.
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Streptococcus thermophilus Lactobacillus bulgaricus,
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109 SPI suspension
(untreated or enzyme treated)

Autoclave
(at 121C for 10 min)

4% Sweeteners’,
0.2% Stabilizer

Autoclave
(at 121 for 10 min)

Cool

|
Mix
t

Inoculate (L bulgaricus 1% and S. thermophilus 1%,
l or L bulgaricus 1% and K. fragilis 1%)

Ferment (at 37°C for 24 hrs)

|

Fig. 1. Procedure for the preparation of soy yogurts
treated by different enzymes, sweeteners, and starter
cultures.

*sucrose, fructose

or fructose : fructooligosaccharide (75:25, 50:50).

(to 37C)
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Fig. 2. Solubility of soy proteins treated by different
enzymes and hydrolysis times at different pH ¢--¢:
untreated, A--A: o-chymotrypsin, 30 min, A--A: o-
chymotrypsin, 60 min, ®--@: trypsin, 30 min, O--O:
trypsin, 60 min.
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Fig. 3. Turbidity of the soy protein emulsions treated
by different enzymes anc. hydrolysis times. ¢--¢: o-
chymotrypsin, ® — ®m: trypsin.
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Table 1. Effects of different enzyme treatments and hy-
drolysis times on the emulsifying stability of soy pro-

teins after 30 and 60 min (unit: %)
Hydrolysis After After

Treaments ;s (min) 30 min 60 min
Untreated 0 82.8°+02  81.0°+0.2
Trypsin 30 70.8°+02  67.0°+0.2
treated 60 65.4°+0.2 62.2°+0.2
a-Chymotrypsin 30 51.0°+02  47.2°+02
treated 60 37.8+02 33.6°+£02

““Means with different superscripts in the same column differ
significantly by Tukey's Honestly Significant Difference
(HSD) test (p<0.05).
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Table 2. Effects of different enzyme treatments, swee-
teners and starter cultures on the pH of soy yogurts

Starter cultures

Treatments Sweeteners L. bulg+ L. bulg+
S. thr? K fra®

Sucrose *5.66° 45.45°

Untreated Fructose ’5.51° *5.46°
Fruc(75%)+F.0(25%)" °5.45° 55.21°
Fruc(50%)+F.0(50%) ®5.36*  ®5.13°.

Sucrose ’5.36" ?5.10°

Trypsin Fructose *3.87° 5.21°
treated Fruc(75%)+F.0(25%) ™3.91° 4.62°
Fruc(50%)+F.0(50%)  *3.77° 4.59°

Sucrose ®5.40° 55.10°

O‘fhys‘i‘;"' Fructose 405" P53
P Frue(75%)+F.0(25%) 4.07° “4.91*
treated Crmrb DA moa
Fruc(50%)+F.0(50%) 4.20 4.78

YFruc(75%)+F.0(25%) means fructose: fructooligosaccha-
tide=75%:25%.

L. bulgaricus+S. thermophilus.

L. bulgaricus+K. fragilis.

*PMeans with different superscripts in the same column diff-
er significantly by Tukey's Honestly Significant Difference
(HSD) test (p<0.05).

*Means with different superscripts in the same row differ
significantly by Tukey's Honestly Significant Difference (HSD)
test (p<0.05).
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Table 3. Effects of enzyme different treatments, swee-
teners and starter cultures on the titratable acidity of

soy yogurts (unit: %)
Starter cultures

Treatments Sweeteners L. bulg+ L. bulg+
S. thr? K fra?

Sucrose 0.38" ¥60.49*

Untreated Fructose f0.41° ¥0.49"
¥ Pruc(75%)+F.025%)"  °055°  0.60°
Fruc(509%+F.0(50%)  "0.57° 0.62°

Sucrose F0.48° 50,53

Trypsin Fructose #1.31° ¥50.52°
treated  Fruc(75%)}+F.0(25%)  “1.16* *0.94°
Fruc(50%)+F.0(50%)  *1.30° 40,95

Sucrose ¥0.45" PE0.56°

o Chyto- Fructose 23 %046
e Fruc(7S%pFO@Q5%)  "L21 060
Fruc(50%)}+F.0(50%)  ©1.13* 50.79°

UFruc(75%)+F.0(25%) means fructose: fructooligosaccharide
=75%:25%.

L. bulgaricus+S. thermophilus.

L. bulgaricus+K. fragilis.

*PMeans with different superscripts in the same column differ
significantly by Tukey's Honestly Significant Difference (HSD)
test (p<0.05).

*®Means with different superscripts in the same row differ
significantly by Tukey's Honestly Significant Difference (HSD)
test (p<0.05).
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g TEY ¥ & A% Vehlok(p<0.05). v &2
g5} 2GS Al AxxEEe] Alss e E
9| A= 2 AFslA] fskent g 9 sl gy
T Al F &5 Aabd oz 3ok} uypsin
Ag) L7} a-chymotrypsin X&)l 2 = 22w
S Hrhste] AAEE RS E3u] kst trypsin X B
T2 a2 e Ae 24 Ao}
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Table 4. The total numbers of lactic acid bacteria in soy yogurts prepared by different enzyme treatments, sweeteners

and starter cultures afte): incubation at 37°C for 24 hours

(unit: CFU/ml)

Starter cultures

Treatments Sweeteners
L. bulg+S. thr? L. bulg.+K. fra”
Sucrose 2.0x10'+4.0% 10° 1.2X10°+2.1X10°
Untreated Fructose 2.2x10°+4.0x10° 1.3x10'£8.0x 10°
Fruc(75%)+F.0(25%)1) 2.8x10'+3.9x10° 29%10'+7.6X10°
Fruc(50%)+F.0(50%) 2.9%10°+3.9x 10° 3.1x107+5.8%x10°
Sucrose 1.4x10°+7.9%10° 1.8x10°+8.1x 10°
Trypsin treated Fructose 4.5%x10°+2.8%x10° 1.7x10°+8.5x 10°
Fruc(75%)+F.0(25%) 33x10°+4.5%x 10° 2.2x10°+5.3%x10°
Fruc(50%)+F.0(50%) 3.6x10°+2.3x10° 23X 10°+4.5x 10°
Sucrose 1.7x10*+6.6x 10° 2.1x10°+£5.0% 10°
a-Chymotrypsin treated Fructose 29x10°+4.9% 10° 1.9% 10°+8.8x 10°
Fruc(75%)+F.0(25%) 2.7%10°£9.5x 10° 2.1x10°+8.5%10°
Fruc(50%)+F.0(50%) 2.6%X10°+1.0x 107 2.4x10°+1.7x 107

YFruc(75%)+F.0(25%) means fructose: fructooligosaccharide=75%:25%.

L. bulgaricus+S. thermophilus.
L. bulgaricus+K. fragilis.

sepet A4, MEAAATNN Seiuske Arla
Alge] Adat 71 gekon), B4 elFdA=
fructoseh-& H7FeE A28 Adart 7P vk &
w9} HArS EFuoRt A= v|EaAETE A
stz &G Arige] AFavt i HArigre o
wstth ol= K fragilisell &3 ApFo] E=ds} It
o2 Ral|x]lo] L. bulgaricus7} o] £F o2 AF AA
2ol Z7IEIS] o Foloh?. wdt Hidd ERE
Eghoktt A= LBl a1 H7WEe] ££55 A
47t wokey) o)y Fuot Lelug BalshHA
ole] FaAHE-& L. bulgaricus7} o]-83t A%
o] FkituEl= AL Al Erh

Table 5. The total numbers of yeast in soy yogurts pre-
pared by different enzymne treatments and sweeteners
after incubation at 37°C for 24 hours (unit: CFU/ml)

Treatments Sweeteners L. bulg+K. fra”
Sucrose 3.7x10°+9.7x 10
Fructose 3.3%10°4+3.0x 10°
Untreated

Fruc(75%+F.0(25%)" 4.1x10°+2.5%x 10
Fruc(50%)+F.0(50%) 4.3%10*+1.9%x 10

Sucrose 5.6%x10°+1.3%x10*

. Frictose 5.3x10°+7.5x10%
Trypsin treated g, 7504)+F.0(25%) 7.3% 10°+1.0% 10°
Fruc(50%)+F.0(50%) 9.0x10*+1.5%10°

Sucrose 5.0x10*+5.2%x10°
Fructose 42x10°+1.7x10°
Fruc(75%)+F.0(25%) 5.1x10'+8.5x 10
Fruc(50%)+F.0(50%) 6.0x 10°+8.0x 10°

YFruc(75%)+F.0(25%) means fructose: fructooligosaccharide
=75%:25%.
L. bulgaricus+K. fragilis.

a-Chymotrypsin
treated
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Table 6. Effects of different enzyme treatments, swee-
teners and starter cultures on the viscosity of soy yogurts
(unit: centipoise (cp))

Starter cultures

Treatments Sweeteners L. bulg+ L. bulg+
S. thr? K fra?

Sucrose ©1045.00°  "840.00°

Untreated Fructose F1160.00°  960.00°
A Fruc(75%)+F.0(25%)" ¥1170.00°  "870.00°
Fruc(50%)+F.0(50%) £1200.00° °915.00°

Sucrose P1245.00°  °920.00°

Trypsin Fructose #2475.00° ®1560.00°
treated  Fruc(75%)+F.0(25%) ©1810.00° ©1280.00°
Fruc(50%)+F.0(50%) ®2035.00° *1720.00

Sucrose 147000 F30.75°

o Chy- Fructose "63.50°  F47.00°
tre’aytgzm Fruc(75%)+F.0(25%)  "52.75°  27.00°
Fruc(50%)+F.0(50%)  "75.25"  "52.75°

UFruc(75%)+F.0(25%) means fructose: fructooligosaccharide
=75%:25%.

L. bulgaricus+S. thermophilus.

L. bulgaricus+S. fragilis.

*®Means with different superscripts in the same column diff-
er significantly by Tukey's Honestly Significant Difference
(HSD) test (p<0.05).

*Means with different superscripts in the same row differ
significantly by Tukey's Honestly Significant Difference (HSD)
test (p<0.05).
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Table 7. Sensory evaluation of soy yogurts prepared by different enzyme treatments, sweetners and starter cultures

Samples A B c D E F F-value

Items
Visual apperance 3.20 2.80 2.75 2.65 3.10 3.15 0.80™*
Beany flavor 3.35 2.85 3.35 3.60 3.85 3.85 1.81%*
Sour taste 2.55° 1.95° 2.20" 2.10" 2.30" 2.45° 2.28*
Bitter taste 3.45 3.70° 2.80° 3.80° 3.00° 3.70° 3.33%
Mouth feel 2.35 3.95 255 410 2.95° 3.85° 23.89*
Overall acceptability 2.50° 2.70° 245 2.90® 3.45° 3.25° 1.73*

™5 not significant, *p<0.05.

*“Means with different superscripts in the same row differ significantly by Tukey's Honestly Significant Difference (HSD) test

(p<0.05).

A: untreated, fructose, L. bulgaricus+S. thermophilus.
B: untreated, fructose, L. bulgaricus+K. fragilis.
C: trypsin treated, fructose, L. bulgaricus+S. thermophilus.
D: trypsin treated, fructose, L. bulgaricus+K. fragilis.

E: trypsin treated, fructose:fructooligosaccharide=75%:25%, L. bulgaricus+S. thermophilus.

F: trypsin treated, fructose:fructooligosaccharide=75%:25%, L. bulgaricus+K. fragilis.
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