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The quality characteristics of frozen soy yogurt prepared with soy protein isolate, industrial
proteases and commercial mixed cultures

Lee, Sook-Young, Park, Mi-Jung
Department of Food and Nutrition, Chung-Ang University

Abstract

In order to develop and commercialize high quality frozen soy yogurt, the effects of industrial proteases and
commercial mixed cultures were examined on the functional properties and the sensory attributes of frozen soy
yogurt. For quality improvement, soy protein isolates were primarily hydrolyzed by either Flavourzyme or
Neurtrase, industrial proteases, to reduce the beany flavor and increase the functional properties of the protein.
The viable cell count of lactic acid bacteria was higher in the soy protein hydrolysates than whenuntreated.
ABT-S (L. acidophilus, Bifidobacterium lactis, and S. thermophilus) resulted in higher acid tolerance, bile acid
tolerance and melt-down percent values than those with YC-X11 (Lactobacillus bulgaricus and Streptococci
thermophilus). The overrun of frozen soy yogurt was improved by both Flavourzyme (193.3%) and Neurtrase

(156.7%) treatments. With regard to thesensory characteristics,

Flavourzyme improved the beany flavor,

astringency taste, mouth feel and overall quality of frozen soy yogurts fermented with ABT-5. Further studies
onproduct formulation will be needed to commercialize the frozen soy yogurt for the market.
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yogutE AAFH ez QA JHEsA sl Y e
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mabx, 2 Ao E8TR) YCXI(Lactobacillus
bulgaricus and Streptococcus thermophilus)™ ABT-5(L.
acidophilus, Bifidobacterium lactis and S. thermophilus)
2 frozen soy yogutE& g A7, dFENe 7%
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£2) o] e (Supro® SO00E, Purina Co., US.A), &
SHA(FE A DA Gt 26 2), 97 A (xanthan  gum)
£ PBYANA A Aotk wHEdzL
Flavourzyme™ 3} Neutrase®= Novo Nordisk Co.
(Denmark)efiA AL Ao, FLEYS
32,434unit/ug, 36,881unit/yg®| T} Freeze-dried Direct
Vet System pack 2 Ho] Q&= EFFFQ YC-X11
(Lactobacillus bulgaricus, Streptococcus thermophilus)}
ABT-5(L. acidophilus, Bifidobacterim lactis, S.
thermophilus)= Christian Hansen Co.(Denmark)2] )&
o2 (FFSELAA AFwol, 20T BERTD
SHHA AME3SIR T 28] 1E-2 isomaltooligosaccharide
2 HAFAG 2NN FLT AL ARG
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Kim(Lee) 5”9 W& 2t WFstd Beivat
Beg BaAYIFET. F 10% 2uFdy g
(wfv)oll Flavourzyme %+ NeutraseE 0.5% (w/w) =
7}&te] 208(F20, N20) == 305 7HF30, N30) ¢He
AlFem, aahAZ/ 9 RYdFoy
Flavourzyme-2 80ClA 1027k, Neutrase: 87 ol A
527 EXgstd a4AE 22X A AT
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Azt rh  SPI 50go] FFS 410mlE 7hate] B2
AR B EAEAE AHeH, o] Eildd] tiFg,
AgA, FEAE  H7bete frozen soy yogurt mixE
Az o 121TA9A 1583 FFsHc x3)
maillard ¥-8-& HAISl] Ys)A]  isomaltooligosaccharide
40gell WA FFHT 0mlE Frbste] Fgdoz
T O [21TCA 15837 B3] frozen soy yogurt
mix% & 4o Fth o]ojA 3TCE JZAIR] oL
YC-X11 =+ ABT-5E Iml HE3slo pHYF 547}
Heg wgstAdh. wige] 458 soy yogurtE
4ToA 2427 &< A & FAE, BeEe
S733e9 2™, soy yogurtol]l aspartame 0.2g, vanilla
essence 2mlE ¥ vl oflo]AIY A Z7)(Model
HR2305, 1,200ml, Philips Co., US.A)E 2087t Z&%
A]A frozen soy yogurtE A Z5ATE LW AL olo]
23 AR7NZ 20873 FEAZ Lo 183 A
T, WA, 953 W4, soieEs 3= 2 #
SB7t S& -T0CAA 24417k, 20T A 48212+ A
HAZ F 4TAA 127 52 o &35

4. 3z 23

loanna 57¢] Whgel wal Brookfield viscometer
(LVDVE 230, Brookfield Eng., US.A)E A1&35te]
TE ZFsAh 4TAA 2427 S A4A70 A8 E
spindle No. 645 AF&5t 60rpmoA] 183t FEA
A FE3AT

Ioanna S°¢] "o wra} ojo]Az W FESCE
087 ZAEAZ F AZR7|NAN AW AEE scooper
stk

Overrun(%)= Weight of mix - Weight of sample

Weight of sample
6. dos

A 2279 soy yogurt®} frozen soy yogurtS z+-z+
1g¥ BFAo2 Al BF peplone o) 7 10
Wl FXHer M ATt L acidophilus 2 L.
bulgaricus Latobacilli MRSH]| ] o] plating3lt & 484]
ZF WSl B lactis= MRSHIX]O]  L-cystein&
0.05% A7k ¥ platingdr & anaerobic jar (Difco,
Detroit, US.A)S AL&3e] 37C2 TAH ¥ %70l
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SFF9 77} frozen soy yogurtd] FREAY W= I

3 soy yogurt®] AT+ Table 1o Rojzl= wiel 2
th. AEE YCX11 WgZd ABT-S sz 25 H]
aAaAEY Fx7} 47 26,733cp, 24,220cpF &
228 D7 4,600~6,363cp, 3417~6,190cp) .t} ¥
ot ABT-5 wj 9] 759l A, Flavourzyme 2]
9 #%(6,190~6,143cp)7t Neutrase 2] (4,606~
3417cp) ot ¥k THp<0.001). ¥, YC-XI1 HjFT
o] Hxe oA 'EAY FTFY AZAIZLA WS
A7t gl
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Table 1. Apparent viscosity of enzyme-treated soy
yogurts fermented with  various starter  cultures
(unit: centipoise)

Enzyme Starter culture

treatment YCX11 ABT-5 T-value
Untreated 267332729.6" 2422017064 84"
F20 636357.5° 6190+67.0° 0.2
F30 6347+26.7° 6143+41.63° 1.7
N20 5720+209°  4606+43.4° 578"
N30 4600+33.4° 3417+34.4° 183
F-value 119.7" 7654

*Meantstandard deviation, N.S : not significant,

*p <0.05, **p < 0.01, ***p <0.001
"PMeans with different superscripts in the same column

differ significantly by Duncan’s multiple range test (p<0.05).
YC-X11: Mixed culture of L bulgaricus and S. thermophilus
ABT-5: Mixed culture of L. acidophilus, B. lactis and

S. thermophilus

Hydrolyzed SPI with Flavourzyme for 20min(F20) and 30min
(F30); hydrolyzed SPI with Neutrase for 20min(N20) and
30min(N30).
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Table 29} 32 DHEHELY EJHTY FFE
2 8o A Z3J soy yogurts} frozen soy yogurte
AdsE vebd ZFolth Soy yogurt$l frozen
soy yogurtoll Al YC-X11 vl ¥E2 L bulgaricus<t
S. thermophilus® A HISIRA LY, ABT-5
Wl F2 S S thermophilus® BHFF7b 7FE Bk
L. acidophilus®} B. lactis®] 4°] 3]t}

&% 2% AFEA SAR Y& LEAR F
dolA B & Bifidobacterium sp.&} L. acidophilus
s 95 B 9 23 L acidophilus®] 3
Tre TSR EFudelAs  Frhstd et
Bifidobacterium sp.8] BT+ 2353 ©SulgolA
Bed, ol EFuY SO F4% Y FHE

Table 2. Viable cell numbers of L. bulgaricus and S.
thermophilus from enzyme-treated soy yogurts and
frozen soy yogurts fermented with YC-X11

Enzyme L. bulgaricus S. thermophilus

reatment 00Ut (x10°CFU/[g)  (x10°CFU/g)
Untreated  Frozen soy yogurt 1.2 1.7
Soy yogurt 2.0 22
F20 Frozen soy yogurt 23 34
Soy yogurt 3.1 4.0
F30 Frozen soy yogurt 2.7 4.1
Soy yogurt 3.1 4.7
N20 Frozen soy yogurt 34 43
Soy yogurt 3.6 4.8
N30 Frozen soy yogurt 38 49
Soy yogurt 3.9 5.5

Hydrolyzed SPI with Flavourzyme for 20min(F20) and 30min
(F30); hydrolyzed SPI with Neutrase for 20min(N20) and
30min(N30).
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pH7} 5.0 ©|st=2 A sl% o] Bifidobacterium sp.2) 87
& dAsgntn Bustdr 2 B ddas
B. lactis® A#$E 10° CFUgez $AAZE
AR e, )AL AIEE pH 547hA % wl F3he]
B. lactis®] & AASHA ¥ ALE AlRdET

saAdel BeAE HrRdEt ®e5S AT
7F wol BEyuFauo aaxErs AT A
o] 3349 2RE FUo AlRE WE, P
Mo gl o8l W APELo] ME)A
ARASHE e A A vt Basty]
on, o= RIdFude dRRHELR A}
&) frozen soy yogurtdS A X3P E o), TL2AL
Fol A RS =7 7 #%H a-chymotrypsin 3]
B39 3¢ azAed os) 448 AeedE 5
o2 Q] FAFANY FFEFE F7HA1A 2A
79 A2e AP RGP

Frozen yogurts ST7Z2EZ RERFIHEZ AAF7}
10" CFUmI ool sojop aF2ES] JE FZHo
AP, £ AP E ZE A2 AFF7t 10
CFUg olgolglons Q72EY J¥ FHL @
A A

3. EEANYA

Table 49 5= YW B a2 EFFFY
ZF o] WE frozen soy yogurt® L. bulgaricus,
S. thermophilus, L. acidophilus & B. lactis®] @&t
WA AEgs Yebd Aotk wiFdHd 544
gol wel #F:e) FEFA gol Holsh hekskeh
H § A9 YCX11 g2 F54tel did W
ol A=) L bulgaricus$}y S. thermophilus =%
10°CFU/ge] #42 Jehf Atk ABT-S sz

7= 73
2o QoA L acidophilus= 10°CFU/ge] ZHAag U

Table 3. Viable cell numbers of L. acidophilus, B. lactis and S. thermophilus from enzyme-treated soy yogurts and frozen

soy yogurts fermented with ABT-5

Enzyme Product L acgdophilus B. 8lactis S. the;'mophilus
treatment (x10°CFU/g) (x10°CFU/g) (x10°CFU/g)
Untreated Frozen soy yogurt 1.0 1.0 1.6
Soy yogurt 1.8 1.0 23
F20 Frozen soy yogurt 1.0 1.0 1.8
Soy yogurt 1.2 1.2 39
F30 Frozen soy yogurt 21 1.9 39
Soy yogurt 29 2.6 49
N20 Frozen soy yogurt 24 1.6 8.7
Soy yogurt 3.6 29 9.4
N30 Frozen soy yogurt 24 1.9 8.7
Soy yogurt 3.5 2.5 9.2

Hydrolyzed SPI with Flavourzyme for 20min(F20) and 30min(F30); hydrolyzed SPI with Neutrase for 20min(N20) and 30min(N30).
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B At B lactis®t 8. thermophilus= IOICFU/g
9 ZA2E YT, E24AHZLY FS
YC-X11 v gA] vlZaxE#3 Zo] L bulgaricus
st S. thermophilus 25 10°CFU/g9] ZHAE JERY
Qo R Ert F5485 EFEMUAGe] o Fot
N30 g o] 3.7~3.8%2 7}2 XMEgo] EUr}
A8 29 ABT-5 wjg#< 7% B lactis,
L. acidophilus, S. thermophilus®] £22 MEgo] &
tom, =% 10' CFU/gd] #4E Uehidth =3
Neutrase *2] Z Xt} Flavourzyme 8] 79| A &E89]
© &ol F30 A&l&9 L acidophilus7} 23.3%, B. lactis
7V 34.4%, 283 S. thermophilus®] A &&°] 205%%
7bg ¥4 Jesth

Zobeto]l A9 &2sPg7] HellA BESIY F2
st7] sl A= WA I EE54tel did Uidol Qo
oF at=tl, HE "HdolA HolXFoR REH|EHE=
d=o] AABANAZ cholic acid, deoxycholic acid,
chenodeoxycholic acid7} F4Eo|u, HArgo] AF
Al (probiotics) 24 ] 715 S FHSEHE FFitol
03% T7E wMANN 442 5 Jd& F=Y iy
S Z3 glojof FpP,

Jayne 5”& soft-serve frozen yogurtoll Al B. bifidum
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Table 4. Viable cell numbers and survival rates of L.
bulgaricus and S. thermophilus of frozen soy yogurts
fermented with YC-X11 after incubating in agar
containing 0.3% oxgall

Enzyme L. bulgaricus S. thermophf'lus
reatment Cell number Survival rate Cell number Survival rate
(CFUlg) (%) (CFU/g) (%)
Untreated  1.2x10° 1.0 2.5x10° 15
F20 3.2x10° 1.4 3.1x10° 0.9
F30 3.7x10° 1.4 4.2x10° 1.0
N20 7.2x10° 2.1 8.6x10° 2.0
N30 1.5x10 3.8 1.8x10’ 3.7

Hydrolyzed SPI with Havourzyme for 20min(F20) and 30min
(F30); hydrolyzed SPI with Neutrase for 20min(N20) and
30min(N30).

59 £577} frozen soy yogurt] EREA wA & 4

3 L acidophilus®] &4 WEE A7 2,
EF9Y FFAN FZ2AF| GF Ui A7
4g veido] Ad5d W d8 At B
StATh FFA W2 A 7 o= 2
7F th2n 22 F(species)o|l &£ njAES F -9l
= Zol7} Jokn galA Aok
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Table 63 7& VAR TLYG EFETY FF
o] @& frozen soy yogurt®] WAH & =74 3s}V]
95t frozen soy yogurte] 1.25N HClE H7Fsh
of pH 252 ZF3 g 37T 90E7F wj
AlZ1 2 L. bulgaricus, L. acidophilus, B. lactis E
S. thermophilus®] AT AEES VR otk

guBsgigse  EFgFF oE UYiAES
YC-X11 w9 L bulgaricus= 1.0~9.0x10°CFU/g
2 Yegoen S thermophilus=  02~1.8x10°
CFU/gE uJehflo] frozen soy yogurt®] ARt}
10°CFUjgo] Z4H AT Ed vlassz?d 5
A 7] Wid e zole glAth ABT-S vl &
< YCXI1 siFET Habdoe] g, 854
WA} 7o) B lactis, Lacidophilus, S. thermophilus2)
oz Yol Eem BaAT ST F20
ezl Wargel M Esek

Shan 592 dHAoz Fujd aF2EA
L. acidophilus 2 L. bulgaricus, S. thermophilusS %
g3le] @F2EE AXF v pH 252 23
37CAA 2A1ZE WA & WiEE& 3¢ 2,
L. acidophilus®] WAt ol L bulgaricusRT © ¢
O3 musted B AFe Ans gArshgich

2 572 pH 252 2FE AVQTEEES 37C
ol A 2A17kA] v EAIZ] & ANAY BEES
A AF, v FAIRre] AFHF] wet A A5 Z
st A%S JEiien, Aty 4E&E82 0.
~036%< WEPH AT HIetTh

R P e

Table 5. Viable cell numbers and survival rates of L. acidophilus, B. lactis - and S. thermophilus of frozen soy yogurts
fermented with ABT-5 after incubating in agar containing 0.3% oxgall

Enzyme L. acidophilus B. lactis S. thermophilus
treatment Cell number Survival rate Cell number Survival rate Cell number Survival rate
(CFU/g) (%) (CFU/g) (%) (CFU/g) (%)
Untreated 1.0x10’ 12 1.5%10’ 195 2.4x10’ 14.9
F20 1.8x10 202 2.0x10" 23.3 2.6x10" 142
F30 4.9x10’ 233 6.5x10" 34.4 7.9x10" 205
N20 5.6x10 23.1 5.0x10 313 1.5x10° 17.4
N30 5.4x10" 22.8 5.9x10 319 1.3x10° 15.1

Hydrolyzed SPI with Flavourzyme for 20min(F20) and 30min(F30); hydrolyzed SPI with Neutrase for 20min(N20) and 30min(N30).

2T H5H3 A #2048 A 6:5.(2004)
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AaEol 001~04%9 AEEE UMY,
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Table 6. Viable cell numbers and survival rate of L
bulgaricus and S. thermophilus of frozen soy yogurts
fermented with YC-X11 after incubating for 90 min at

pH 2.5 (unit : 10° CFU/g)
L. bulgaricus S. thermophilus

Enzyme Cell Survival rate Cell Survival rate

treatment  number (%) number %)

(CFU/g) (CFU/g)

Untreated  1.1x10° 0.1 2.0x10° 0.01

F20 42x10° 02 4.5%10° 02

F30 5.0x10° 0.2 8.4x10° 02

N20 9.0x10° 03 1.1x10° 0.3

N30 8.1x10° 0.2 1.8x10° 0.4

Hydrolyzed SPI with Flavourzyme for 20min(F20) and
30min (F30); hydrolyzed SPI with Neutrase for 20 min
(N20) and 30 min (N30).

e 119

50

30

Overrun (%)

20 r

Untreated F20 F30 N20 N30

Enzyme treatment

Fig. 1. Effects of enzyme treatments and starter cultures
on the overrun of frozen soy yogurts.

[l YC-X11(Mixed culture of L bulgaricus and S.
thermophilus), Il ABT-5 (Mixed culture of L. acidophilus,
B. lactis and S. thermophilus).

Hydrolyzed SPI with Flavourzyme for 20 min (F20) and 30
min (F30); hydrolyzed SPI with Neutrase for 20 min (N20)
and 30 min (N30).

o3k AUk

oA ©WE ey

vl g} ABT-5 wigE EF
Ho] 7hg gskon, miAd g5ty 2HEo)
S7HE e 2AaXEE Fle A= =YW
YC-X11 w2l F20 ATl 403%%2 7Hg X
on, A&7t G3d ABT-5 v &9 N30 Az ol
27.88% 2 7F& 2thp<0.001).

A9 04?3’011/\1b— Z*Eg‘r Haygo] oyl I
, BT} BFgo F4E
%}%}01 4 Bk RN =R g S
2719 FYEFol FU7HH eyl Frkedthal st
At Y2 489 BREL7 A Z3F frozen yogurt
9 e ST 2, HEAY S/ wep @
Fo ofo]2AY A X7|AA 508 %‘%Abﬂ 34~
50%°] ¢wzol FAFT Rustgdch Mitten™

Ay wWisE BE YC-XII
v g4 A FY oY

Table 7. Viable cell numbers and survival rate of L. acidophilus, B. lactis and S. thermophilus of frozen soy yogurts

fermented with ABT-5 after incubating for 90 min at pH 2.5

Enzyme L. acidophilus B. lactis S. thermophilus
treatment Cell number Survival rate Cell number Survival rate Cell number Survival rate
(CFU/g) (%) (CFU/g) (%) (CFU/g) (%)
Untreated 1.8x10° 22 1.3x10° 1.7 1.1x10° 0.7
F20 2.6x10° 29 2.8x10° 33 1.8x10° 1.0
F30 2.7x10° 1.3 5.1x10° 1.7 45x10° 12
N20 3.3x10° 1.4 2.9x10° 18 2.5x10° 03
N30 1.5x10° 0.6 1.2x10° 0.7 1.1x10° 0.1

Hydrolyzed SPI with Flavourzyme for 20min(F20) and 30min(F30); hydrolyzed SPI with Neutrase for 20min(N20) and 30min (N30).
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2Z &9 Hlgol l\:'i‘g')f‘% gu-]ﬂo]
& Yeiitte RSt
B Ao A A|Z=3 frozen soy yogurt
9] ol /72 AEH frozen yogurt®] LW
AFS vgdided, ole 29
AE 898, & 27E2E mix
9 F 2FEY ¥ 2 x4, @¥ZA 9 whipping
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20T A2dA 108 HFez FF3 Aotk =
7] 10% B¢ EE AlEEY Fol YEle A%
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Fig. 2. Effects of enzyme treatments and starter cultures
on the melt-down percent of frozen soy yogurts.

Untreated (¢—4), hydrolyzed SPI with Flavourzyme for 20
min (Il—M) and 30 min ((]—{J), hydrolyzed SPI with
Neutrase for 20 min (@—@) and 30 min (O—O).
YC-X11: Mixed culture of L. bulgaricus and S. thermophilus,
ABT-5: Mixed culture of L. acidophilus, B. lactis and
S. thermophilus
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Fig, 3. The sensory characteristics of frozen soy yogurt.
Untreated (4—4@p); hydrolyzed SPI with Flavourzyme for 20
min (Ill—D, 30 min (("—_); hydrolyzed SPI with Neutrase
for 20 min (@—@), 30 min (O—O).
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