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Growth Characteristics of Bifidobacteria and
Quality Characteristics of Soy Yogurt Prepared with
Different Proteolytic Enzymes and Starter Culture

Jung-Eun Lee and Sook-Young Lee*
Department of Food & Nutrition, Chung Ang University

The quality characteristics of soy yogurt prepared with different proteolytic enzymes and starter culture were
evaluated. In order to facilitate the growth of lactic acid bacteria and subsequent production of lactic acid, soy
protein isolate(SPI) was hydrolyzed using three kinds of proteases; one extracted from Aspergillus oryzae, bro-
melain and o-chymotrypsin. The cultural systems employed thereafter for lactic fermentations were: 1) Bifido-
bacterium bifidum, 2) B. bifidum and Lactobacillus acidophilus, 3) B. bifidum and Lactobacillus bulgaricus. In soy
yogurt, pH was more decreased by mixed culture method than single culture method with the accumulation of
lactic acid. Viable cells of lactic acid bacteria in soy yogurts were measured 10*° CFU/g by the single culture
method while 10° CFU/g by the mixed culture method except o-chymotrypsin treatment. The amount of free
amino acids in soy yogurts were substaintially increased by enzyme treatment. Viscosity was decreased by
enzyme treatment, resulting in higher viscosity by a-chymotrypsin treatment. Water holding capacity was found
to be higher in the single culture method in case of enzyme treatment. Among the various volatile flavor com-
ponents isolated and identified after enzyme hydrolysis, acetaldehyde, ethanol, diacetyl, butyl alcohol contents

tended to increase by lactic fermentation.

Key words: soy yogurt, quality characteristics, proteases, soy protein isolate, culture method
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) Eheg 023 soy yogurtel]l &3 AFE T3] B
soy yogurt AZA T} giFEH S g stEEy
ZANE FAaNHL e AS8E FUAAT Leet
Ohe] AFWoM= EehF M-S trypsin} o-chymotrypsin
og sl YRATEES AXT AF alxizd 9
& Agel FZEJA L™, Murata
Bacillus polymyxa 52 PAEIA St
EeS ZaAde A3 g 589 s 3717 i
3 bromelain, papain 52 FAH e AR} &8RS A
AR etk B watnh. B8 Kwondl I7OdMe o
=g FAAP)5) soy yogurts: AR U ol §F
3ted frozen soy yogurtE A|Z3FATE o] Al ¢fstH
bifidobacteria® E7Z 225t frozen soy yogurts: A%
A}t B. bifidumS B AZEZF A BAFE B P 7
T Aoz BRI

<Sguel Bk opE}t Y fES EFT
ZoAE B BEFS Az 95t

592 Bacillus subtilis,
223 duRELAE

AT o4y o
HANE lacto-
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bacilli®t streptococci7t F2 o §H ol %O} bifidobacteria
9] fr87do] WP wel AZNE bifidobacteria’t 73
o] AMSHT AT} Bifidobacterics 8 WE AFEZ acetic
acid®} lactic acids 1.5: 12 A8l BARA7} lactobacilli
B 39 &3 Al@e 3 F4e JAst, gryol, ¥
=4 24, Agd 54 59 A e BaAIge, B
3] BifidobacteriaZ. WEAZ) WEHE Ayt Regon o
FARNT T AR s A3 FYHoz six7t Y
£ L(Plactic acidE FH3hs 59 FHM] Qo 7|3
Z273& Folok shedl bifidobacteriaS A0 A}l )
Fg A AAEE H0,7b bifidobacteria®) AAS A5}
B2 H0,E #MEY F U= L acidophilus, L. bulgaricus
R S. thermophilus 5] RArg3} E3u|go] PQFcy®,

aER B dPdiEe RIuFeils 3R gur
AAAE A st ZAigEe 4SS 2N AL, Z
" 59 F2o] &4E frozen soy yogurtE A|Z3}7] 9%
SAEAZA ] soy yogurt HEIAG UM, B. bifidum.
& SSulFStAY B. bifidum3 L. acidophilus %5 B. bifi-
dum} L. bulgaricusZ EFv)Fste] Tl s g el wjopa)
Hel FH7E vt 854 2 soy yogurtd] Ho}
=it B, AR, 25, 304 IR S nixs o
S Yoty 2} shgth

e W

=

2 el ARSE EUlFe(SPS A.D.M.(Decatun, IL,
USAYHE] Proten 9728 AME-8FA3L, SHYAIE sodium algi-
nate®} carrageenan®] EFE<2 monoiceE (F)FYANM A
ol A3

Aol AM-E Aspergillus oryzaeRHE FZE
3l R 2 (P4032, activity: 3.8 units/mg protein), bromelain
(B-4882, activity: 6.1 units/mg protein), o-chymotrypsin(C-
4129, activity: 54 units/mg protein}2 Sigmarle] AZF-L ALE-
AT AM&FFE  Bifidobacterium  bifidum(KCTC 3176),
Lactobacillus acidophilus(ATCC 2182), Lactobacillus bulgar-
icus(KCTC 3188)2A4 St F A 7holN Egugton
AR S5 isomaltooligosaccharide®  (3)2hokAd) 2
ATLolA At

5o HiF ¥ X2 =A

L. acidophilus®} L. bulgaricuss MRS(Difco, Detroit, MI,
USA) broth® WIS Bifidobacterium bifidume 0.05%2)
L-cystein®] H7Fe MRS broth2 Hjsle] A18-31%4c). B
bifidum, L. acidophilus B L. bulgaricuse 37°CZ I3 =
G714 24717 BBk soy yogurt Az o] 4313tk &
TEE HEA e £2CA 1,770X g2 2087 AEFA)
o AedE AASE AT 35t FESY

E2iFehel §4x2l ! AlRe| M=
Kim(Lee) 5'7¢] W& o7t HEsle SPIE T4 83}
Rk & 10% SPI £H(wiv)S THET 6N NaOHE o]&3}

£
N
X
&
~
W
S
3
]
ul
4o
i)
i
A
Kt
)
)
M
o
P
~]
(o]

) )
(wiw)el &g 747 b § 2087 wkstEA] gheAl
k. ZaNgo] € SPI &4 FA) 87°ColA 587 7t
gl 245 EEAA wHe-S FAXAZ] - 6N HCI
< )83l pH 7022 FFFch

A|RE Lee9t Ohe] WHWE oF7F Wyl Az
BaAE 9 HEAAEE EuFay A& YTay
45 g+5 75 450 mL)°l soybean oil 20g, SHPYA 25¢% A
718t soy yogurt mixE AFE thE 121°CoA 15827 ©
w8k T Mailard -2 WX)5}7] 9814 isomaltooli-
gosaccharide 40 gol 57 40mLE F7)sly gMo=w vl
< o 121°CoIA 1587 P38l soy yogurt mixSt 2 4
of FAJth. 2 F 371°CE B4=H B. bifidum, L acidophi-
lus, L. bulgaricus MFNE B. bifidum T FNM = 2%((v/
v) &39I B. bifidum¥ L. acidophilus =2 L. bulgari-
cus®}e] Edhol e Zht 1%(vivyd AE3dke] 37°CoA
1477} B2t wigstd soy yogurts A28t

EEItiFeHe| IRl 53

Anhe] o] w2t aAAE] Ee FA RYdFa
9 1gE 44 SRS 100mL Friste] ANz 2
AA BAAZT o] & 1mLE FHst] micro-Kjeldhal8.2.
2 ALe FPsRon, E3 Ao B F 47 10
mLE 3t 20% TCA 10mL3z EFT F 3,980X gollA
2087 PAEEE U2 459 4mLE 3 micro-Kjeldhal

o8 A2Fg 23 JEsEE g A4S 0%
ste] Akl

10% TCA soluble N

D f hydrolysis (%) = X
egree of hydrolysis (%) ol N 100

pH ¥ &% &3

pH= pH meter(Model 520A, Orion Co., USA)E Al8-3}
o 43I on AEE A 10gS HdlY FFY 275
2 343 UL 01N NaOH &0 2 HAPsle] Aug
NaOH®] AH[ZHE F3 F [actic acid(%, wiw)E FHAaFs}e
EA 3T

- e

NEE 747 1g¥ FFFHoZ F3l BF peptone ol
o)gk 108 Moz 3433 MRS(Difco, Detroit, MI,
USANA ol plating®t ¥ B. bifidum< anaerobic jar(Difco,
Detroit, MI, USAYE AH&-3std 37°CE A H v 7)o
48~T2N 7 S BI1F o= wFSEL L acidophilus 2 L.
bulgaricuse 271722 w]%¥3te] colony 7} 25~2507H7}
Uehts F3g Agsie] A&tk

77010 54

Marsili 529] W& HE3 5g9) A8 SmLe 2ol
259 20mLe] acetonitrileZ 7}5}] 50 mL2] centrifuge tube
oA 287 EEY] F F 540X gl 5B dAEHS T
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Table 1. Operating condition of amino acid analyzer for free
amino acids

Biochrom 20 Amino acid analyzer

Instrument: (Pharmacia Biotech)
Column: High performance co}umn
: (200X 4.6 mm+ Resin pot)
Buffer solution: citrate
Buffer flow rate: 35 mL/hr
Ninhydrin flow rate: 25 mL/hr
Column temp.: 53~90°C
Wave length: 570 nm, 440 nm
Injection volume: 40 uL

< 459S 02um membrane filter2 o3t HPLC
(Model 305, Gilson Co., France)® ®23lgch Ak
Aminex HPX-87HE ARSI HE71E UV detectorE Al
B3R MEE 20uL FHU3 65°ColA 0.008N H,SO,E
mobile phaseZ 3] #4206 mL/min®] HE2 B33t}

Rojoi it &4

Kim 59| W& WAFste] 59 Ag0] 5mLe ©ol
2FE 713 B 059 sulfosalicyclic acidE 718kl 4°C
ol A IAIZE WA & 1350XgolA 3087 PAETEA
t}. AHEdS citrate buffer(pH 2.5)% 1: 12 E33F o2 0.2
pum membrane filtler=2 H{3tA oAt AEEA72 FE
obu| kS BAER o BAEHL Table 13 72t}

He ¥ 24 53

AL Joanna 5999 Wi 2]8] Brookfield viscometer
(Model LVE, Brookfield Eng., USA)S AR&&}31eH, 4°C|
A spindle No. 48 AF&5te] 60 rpmo| A spindlec] 7] Al
2% & 18o] HE €79 HEE centipose(cp)DdHE HS
o} REEE Estelle 5979 ¥ we AR 10gS 94
E2do] o} AR 7|(Model SR 20.22, Jouan Co.,
France) 10°Collx] 20,160X g2 308-7F dAlE-gA1Zl k&
SdE AAGLH, T3 1087 $AT Fof AAH A
HE 2xol=2 AAS thE JAES FHE AoA
Ao oJste] BEHS AL

offt o3

&

Water holding capacity (%) =
wt. of sample after remove supernatant

X 100
wt. of sample
FEY EU|HE &%

Mg Y FVAE S-S Lee 5199 WEE HY
3l 30g9) AEE 100mLe) Wo| ¥ 35g9 NaSOE
Z7¥sld rubber septumSZ LEG T 60°Ce] 4ol A
20%-7F kel Th, MG headspace gasE Sml gas-tight
syringe(Hamilton Co. USA)Z 1mLE # 3l gas chromato-
graph(Model 3400, Varian Co., USA)Z EA319ch AH L
DB-FFAP(30 mX 0.25 mmX 0.25 ym)3 AH&-sllom 757
£ flame ionization detectorE® AFE-3IFFL FYFL =&
200°C, AZ719] 2xE 220°CE 330}, Camier gase IF
< AHEskTh

30
25
20 1

15 1

1ol

Untreated Protease from Bromelain o-Chymotrypsin
Aoryzae

Enzyme treatment

Degree of hydrolysis (%)

Fig. 1. Degree of hydrolysis of soy protein isolates after
proteolytic enzyme treatments.

SAH X2

pH, A4, A% 9 B4y S474% Fo Audl o
3 EAA 2= SAS packageE ARgslHon EAHEAGH A
3 fo)A7t e FEo] tiaiM+= Duncan’s multiple range
test® A|F7ke] oS HFEAUTH

24 % 1

1]

22[cfFetuol IRl

HEAXEE, A orvzaeRFE FES R EL, bro-
melain A2 % o-chymotrypsin X g]w9] 7FE3) = (Fig.
e 747+ 5.0, 114, 18.3, 27.4%% . o-Chymotrypsin *]2]
o] TR EE 274%EA 7Y wded, € Aol
AR v aaAE EedFed viste ssu) Ax 7t
Eisea=s

£ Fig 29 2t} 84335 9¥e soy yogurt®] pHE ©
Eajekaldl] BlEAAEFo] 6442 7P woron), EFY
Aoll3= a-chymotrypsin X 2]=0] 7 E%TH(p<0.001). B3
vk 2e)e A|5e] pHE Sl dEugfro
3otk (p<0.001). B. bifidumE L. acidophilus =+ L. bul-
garicus®t T XZ B$ B bifidum® RAFE A=
H,0,2 £ F = catalase A5 0] o] H0,00 ¢
& AN RES DD ¢ Joma® F3hifEAel B,
bifidum®] Aol ERF o] Aol FVIEEEMN pHZL A
st d Aoz AjzbE).

AV (Fig. 3y AaA T Tl A oryzae=HE F
238 PR EAR]E)ET bromelain AR B EA2HE
R ¢ 5990 a-chymotrypsin A2l U] EAH T
s Al zpol7t Adeh. oleidt Axe v shEaol
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6.0

pH 55

50

4.0

Untreated Protease from Bromelain a-Chymotrypsin
A oryzae

Enzyme treatment

Fig. 2. Effects of types of starter culture and enzyme treatment
on the pH of soy yogurts.

L1 : B. bifidum, 12 : B. bifidum~L. acidophilus, B : B. bifidum-L.
bulgaricus.

olg] AAE peptide7t Zitwrel 9% AMYHS FHAZS
Ao AZIEY 9 JieRs=rt 7B 9 achy-
motrypsin A2]29] ¢ EHFEEE a-chymotrypsin®
2 Azt AE &FA oA TRE 2 e
peptides £ Ao AMS-E ZAibdEo] F o] &sA] W
Aoz AZtEt vy S e AR A0z e &
Tl FAlo] DEujdET EUTHP<0.001). A. oryzaeZF-H
F23 DR aAA2E7 bromelain A#ZAME EF
i FAlel]l AFE7} 0.97~138%F acid yogurt®] HAAE
1.0~1.3%°1 %3929 o-chymotrypsin 3272 mild yogurt
o] AAHMNE 0.6~0.9%1 =H3IAT}

a0l ofxle YE

Soy yogurt®] B. bifidum, L. acidophilus =% L. bulgari-
cus®] AT4(Table 2= B. bifidum®) 7% ETMUA] =
iRt o 29w WHA, o-chymotrypsin 2222 A&
oAl Wb B bifidume) AdT W37 A U
th o|9} 7o) B. bifidum®] TSVt L. acidophilus =E L.
bulgaricus TN g 2Jsted ZrHEI9d A& Koughel 4
Tt ARFIFE, ol 7IFEUY] 9 e AARE 57

16

1.4

1.2

1.0

0.8

06

Titratable acidity (%)

0.4

0.2

AN

7

0
Untreated Protease from Bromelain a-Chymotrypsin
A oryzae

Enzyme freatment

Fig. 3. Effects of types of starter culture and enzyme treatment
on the titratable acidity of soy yogurts.

Ol : B. bifidum, U2 : B. bifidum—~+L. acidophilus, B : B. bifidum~+L.
bulgaricus.

A7 L. acidophilus®} L. bulgaricus?t ©]-&3t §714
Aoz wEo] Fr2AN FrIZFYU B. bifidum®] A&
A7) Aow AzbE) EF GEujYAld] Bl E4A 27
7%~ B. bifidum®) A7 107 CFU/gol oy EaA T
M= 108 CFUge 2 F7Htged, ol Uy e
A2XESEEZNA B, bifidumo] ©187Fsd A7 A E 0
B. bifidum®] RS FX857) HEolgy 540, 23
U EFugAee E4AEsE Aol A 4FE HA
A gsirh, EFMGS] A¢e HEILATT, A oryzaeR -
B &3 iR a4 2 bromelain A4 10°
CFU/g& #A3t2rt a-chymotrypsin A3 10 CFU/g
< JeER A

ST2E AR #Fd o A#4F= 10° CFUMLO|
Ato] Hojot st B AToMe Ayt vlaaA e
o] B. bifidum TEWM Y A5 A BE A EFNA
10° CFU/g oldolgleng aT2ES] AR 72 HFst
ATk

%
EN
==

F7I1 g2 Djxle ¥
Soy yogurtd] F7|%F 24 2 EE(Table 3)2 HiFHA

Table 2. Viable cell counts of B. bifidum, L. acidophilus and L. bulgaricus of proteolytic enzyme-treated soy yogurts fermented with

various starter culture

(unit: 10® CFU/g)

Starter Bb BbLb

culture
Enzyme . B. bifidum B.bifidum L.acidophilus B. bifidum L.bulgaricus
treatment
Untreated 0.38 13.1 13.6 199 276
Protease from A. oryzae 248 224 21.8 69.3 32.8
Bromelain 277 31.8 402 34.8 49.6
o-Chymotrypsin 2.14 2.49 2.60 7.49 7.11

YBb: Inoculated with B. bifidum, BbLa: Inoculated with B. bifidum and L. acidophlus, BbLb: Inoculated with B. bifidum and L. bulgaricus
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wEt 5135 XpolE vEhfo, dEu ] 4§ acetic acid
9} succinic acid®] $Hako] 7HA HEo™ lactic acid, citric
acid £2 2 BT ¥FH E3H| S = lactic acide] IHeF
o] 71 WU acetic acid, pyruvic acid o2 Bgron
SHFA AAE citre acid®} succinic acideE PAEFA] &
T}, Acetic acid®] e GEw|UA A {1 =
33.5~51.6%5 XAIBHo stk E 7.6~192%2 =}
Akt ol Bihta#d B, bifidume glucose ALY
FNEZ AAEe ARS acetic acid$} lactic acidS 1.5: 19
&2 ARSI A=) formic acid, succinic acid, ethanol
= AT B 6, B A7 acetic acid
S} lactic acid®] Hlgo] TEwjoFlA 1.8-~28: 1019k Lac-
tic acid®] FFE TAHIE D8 A8 AS AN
¢ WV B A oryvzeeRRE 228 OES AN E T
o] 7 wow, EFhFAl A Frlsle] AA Fr)4E
% 80.8~924%F AR A=, ERhujFAA 9] AmFrte
F2 lactic acidel] 71918k Ao g AztET. gu|AdEe Al
Aol Eagk A7AQ citric acidE TEuU) T AEE Y]
o, HlEAAAZNAN 6.5 ppmeE 7P B3EO™ bromelain
A3} o-chymotrypsin A 2]ollA 2+t 54, 42 ppme 1+
BUHRE WA A onyzaeRRE FET B ghxEF
ANME citric acid’} AEHA &ghrh. GEujgA vt AS
¥ succinic acid¥ a-chymotrypsin *12)ZollA] 52.9 ppmOE
7 BRI A oryaeRRE FE3 GRS E AR,
bromelain B+ 2 BE A ENAE 22t 38.6, 28.8,
20.9 ppm®] At}

i}

N

wElofaledte| gl ojxls AE

Soy yogurt®] fr2]ojn|i=ite] T (Table 4)> EAA 2|9}
g el wet 2 Xl Yepct 4w fE
opu|i=qt G BlEgAA Tl visted AAF) Bkt Shin
o] A7) olehH NTEHE neutrase?t bromelain® 2. Z}zh
EAAYES L acidophilus® DEAA A4HE FEH-S
Az Az, aoAgel o) feloplate] g8fo] F7t

Table 3. Organic acid contents of proteolytic enzyme-treated
soy yogurts fermented with various starter culture (unit: ppm)

Organic acid
Product?
Acetic Lactic Citric Pyruvic  Succinic
U-Bb 194 7.9 6.5 i 20.9
U-BbLa 12.2 104.0 ND? 0.1 ND
U-BbLb 12.1 108.0 ND 0.1 ND
P-Bb 67.3 244 ND ND 38.6
P-BbLa 187 142.0 ND Tr ND
P-BbLb 13.9 169.0 ND ND ND
B-Bb 63.0 26.8 54 ND 28.8
B-BbLa 234 133.0 ND 0.1 ND
B-BbLb 13.6 154.0 ND 0.1 ND
C-Bb 40.1 223 42 ND 529
C-BbLa 16.8 737 ND 0.1 ND
C-BbLb 17.0 71.6 ND 0.1 ND

UU: untreated, P: protease from A. oryzae, B: bromelain, C: o-
chymotrypsin, Bb: B. bifidum, BbLa: B. bifidum-L. acidophilus,
BbLb: B. bifidum+ L. bulgaricus

YND: Non-detectable, *Tr: Trace (<0.1 ppm).

AT Birste) 2 Atel st aaxEE T
Me &4 71851l e A onyaeRFE FEFT ©
MBI § a2l e A eFo vt isoleucine,
leucine, lysine & arginine 52| 9714 olnlxAte] gao] W
Rom E3| lysine o] wi-¢ Btk & fEloprmAke]
ol EUW A onyaedM FEH D ELHT TS
NEEF =7t 2 a-chymotrypsin A 2ol B8] lactic
acid o]l U pHE o Wor, e E% s
= B o)A frgjobr)eqte] FHgo] E3kr] wwel
2 AzbEh e mete A" & fEohrxe
Ak 3ol aaAEwe] ¢ 53| bromelain 23 o-
chymotrypsin A2 FlME TEwlFel 71 Bt A
oryzaeZHE FET TR g FolM = vl
mE} & xpo]7t $iUth Koughd] Q707 2)3ld 9% 3¢l

Table 4. Free amino acid contents of proteolytic enzyme-treated soy yogurts fermented with various starter culture

(unit: nmol/100 g sample)

Product"

Free amino acid

Glu Ala Cys Val Met Ile Leu

Tyr Phe His Lys Amm® Arg Pro  Total

U-Bb ND? T Tr Tr Tr 0.3 0.1
U-BbLa Tr 0.1 0.1 0.2 0.1 0.5 0.2
U-BbLb Tr 0.1 0.1 0.2 0.1 0.5 0.2

P-Bb ND 0.6 0.8 0.6 0.7 236 2212
P-BbLa ND 08 0.8 1.6 0.6 265  156.1
P-BbLb ND 0.6 1.0 1.8 0.7 348 1550
B-Bb Tr 0.6 0.2 0.4 0.5 1.4 141.1

B-BbLa Tr 0.5 0.3 03 0.4 2.1 58.3
B-Bblb Tr 09 02 03 0.3 0.5 61.9
C-Bb ND 0.1 0.1 04 0.3 ND 96.3
C-BbLa Tr 05 0.1 0.7 0.2 03 77.2
C-BbLb ND 0.3 0.1 ND 0.3 13 69.7

0.1 0.2 Tr ND 0.1 ND ND 0.8

0.1 0.3 02 ND 05 ND 0.7 2.7
0.1 03 02 212 0.4 ND 0.6 24.0
52 134 1.8 15210 16 1764 05 19674
54 12.5 1.7 13612 16 1560 05 17253
59 244 1.8 15596 17 1632 07 19512
44 4.6 0.9 ND 1.1 83.9 03 239.7
4.2 4.8 0.9 ND 1.3 74.3 0.7 148.1
43 45 0.8 ND 1.0 73.8 0.5 149.0
3.0 1.7 0.7 ND 0.4 44.8 0.1 147.2

33 34 0.7 ND 0.8 ND 0.2 874
29 24 0.6 ND 0.6 ND 02 784

YU: untreated, P: protease from A. oryzae, B: bromelain, C: o-chymotrypsin, Bb: B. bifidum, BbLa: B. bifidum+L. acidophilus, BbLb: B. bifidum+L.
bulgaricus, PND: Non-detectable, ¥Tr: Trace (<0.1 nmol), “Amm: ammonia
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10

Apparent viscosity
(x10 cp)

‘ 7
il HE
Untreated Protease from Bromelain o-Chymotrypsin
A oryzae

Enzyme treatment

Fig. 4. Effects of types of starter culture and enzyme treatment
on the apparent viscosity of soy yogurts.

Ul : B. bifidum, 7 : B. bifidum+L. acidophilus, B : B. bifidum+ L.
bulgaricus.

YAl B. bifidum, L. acidophilus, L. casei 2 S. thermo-
philuss BEsle] BERE AZT U FElolv=t F
2 243 A3 B bifidumoE AT LERAN MY B
=t, ol= B. bifidume] A F3) ¥ olu|x=4t A
71918 Ao g F2dgy RusiNt. Aoz vEujek
ol A= methionine, leucine & arginine®] o] BT B
bifidum¥} L. acidophilus$te] 3|4l = ammonia®}t pro-
line®] ko] oF7F Egith 53| ©E|gA] HlEAA T2
AL F feolu it FHo] w9 Wk, o5l #w
7F & o] FofA)X| ¥gk7] wEo|}.

Hx ¥ 280 0lXl= A

FaAE e} iFIH S gt Az soy yogurte] A
Z(Fig. 4= EhA o] HlELHe]2el vl o Ytk
(p<0.001). Lee S 93lH FAho| 93t HajoFohy
9] 7iaizE X g wet ZRAHES AaEHE, A
Hew B4 2 2 7188y Expze 22 3
7F e Expge] AEFE 3 T2t 7R TS
& IRFET Yokl HusiHth MYiHS 28
A5 A=E v EAAEE, bromelain 2 o-chymotrypsin
el A EFhlFAle] dEugET o F3Th(p<0.05).
dafe] Ax F die YIEF ARA 9FFE A4k
Azl J&S Fev), B3] St thermophilus®t L. bulgaricus
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Fig. 5. Effects of types of starter culture and enzyme treatment
on the water holding capacity of soy yogurts.

O : B. bifidum, 2 : B. bifidum+L. acidophilus, B : B. bifidum+L.
bulgaricus.
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Table 5. Volatile flavor components of proteolytic enzyme-treated soy yogurts fermented with various starter culture

(unit: ug/100 g sample)

Product?

Acetaldehyde Acetone Methanol Ethanol Diacetyl Butyl alcohol
U-Non? 0.15 0.64 ND? 0.01 0.40 ND
U-Bb 0.23 0.50 ND 0.09 0.59 ND
U-BbLa 0.10 0.91 ND 0.15 0.90 0.03
U-BbLb 0.29 0.64 ND 0.12 0.52 0.02
P-Non 0.07 0.57 0.01 0.04 0.38 ND
P-Bb 0.31 0.69 0.02 0.16 0.67 ND
P-BbLa 0.14 0.99 0.05 0.22 0.71 0.02
P-BbLb 0.19 0.60 0.02 0.15 0.35 0.02
B-Non 0.07 0.83 0.01 0.01 0.57 ND
B-Bb 0.12 0.61 0.01 0.14 041 0.01
B-BbLa 0.03 0.60 0.01 0.13 0.39 0.03
B-BbLb 0.15 0.62 0.01 0.12 0.39 0.01
C-Non 0.08 0.50 0.01 Tr 022 ND
C-Bb 0.12 0.60 0.01 0.10 0.61 0.02
C-BbLa 0.13 0.86 0.02 0.03 0.73 0.02
C-BbLb 0.12 0.63 0.02 0.09 0.57 0.03

UBb: B. bifidum, BbLa: B. bifidum+L. acidophilus, BbLb: B. bifidum+L. bulgaricus, *Non: Without starter cultures, ND: Non-detectable, “Tr:

Trace (<0.01 ppm).

=]
R

Gl = H3 AEH
RE ANEFM 1 &

2o

©@ottl. Butyl alcohol& s
ot wge] o3 AHHAUL
o] 0.01~0.03 ugo) ATt
2 o

2 dte BEdTede Al £79 duEsasg A
g5t 7HrERESIAZ F- B bifidum©® SHEvjFs AL B,
bifidum¥ L. acidophilus = B. bifidum¥ L. bulgaricus®
S St soy yogurtE: AZ3 oS niFT A A
B4 9 AR FAEAHS 45T Soy yogurtel A &
el Af EEEMYEY pHe o 2oy dxe o
Fshon AR o Bt f)4ke) ghake Edhu)oke)
73% lactic acid®] FHFe] wl-¢ wokoul @EujgAldle
acetic acid®} succinic acid®] o] Wt EF FElolm
Ak e AAA Y] A9 GEugAl] E3huiokE
o HAO™ A oryzaeRFE FET GRS F i gl
Al 2 o] 953 B8O archymotrypsin 2 2Zol A&
a2 kol 7HE AUk ol 24X dT F9M a-chymot-
rypsin A2 TR EE M oy O JeREE
o] BlFviad AEEN a3t 7P Hojq f714F 2 &
gopriingte] o] 71} wWoka pHYE 7P Egkow alw
© 7P 8ty Avers 7P Ak 22483 soy yogurt
o] Axet Er¥le vEsaxetiy o Bon, 53 a-
chymotrypsin A/ 2|24 =} HFEHE TE 4ol
Ha) o =oho) Febd 7148 5 acetaldehyde, ethanol,
diacetyl ¥ butyl alcohol®] e g 3] Zrh=<c).

£4o| sFJH frozen soy yogurts sty 918 27t
AzH chllds) gl vidhES 283l soy yogurts A
Zalon, B AFAnE Aty oz F@d B o 2
e S SR EAE X2sta Hlguigel 2

=
=

HAle| =

2 Ave 1998 F=AshAe AR A A G

& 981-0608-032-2)2] UFolj HAH|E A st F4] o
AT Zo] FAT="EU T,

10.

o
rot

.Kim, J.S. Current research trends on bioactive function of soy-

bean. Korea Soybean Digest 13:17-24 (1996)

. Sung, M.K. The anticarcinogenic properties of soybeans. Korea

Soybean Digest 13:19-31 (1996)

.Kim O.H. Application method of isolated soy protein in meat

processing. Korea Soybean Digest 9:31-49 (1992)

.Lee, S.Y. and Oh, G.N. Effects of sweetners and enzyme treat-

ment on the quality characteristics of soy yogurts prepared with
soy protein isolates. Kor. J. Soc. Food Sci. 15:73-80 (1999)

.Kwon, Y.S. Effects of Bifidobacteria and oligosaccharides on the

quality attributes of frozen soy yogurts containing enzyme treated
soy protein isolates. M. S. Thesis, Chung Ang Univ. Seoul, Korea
(1998)

. Hughes, D.B. and Hoover, D.G.: Bifidobacteria, their potential for

use in American dairy products. Food Technol. 54:74-83 (1991)

. Kang, K.H. Lactic acid bacteria food science. p. 257 Sungkyunk-

wan Univ. Press, Seoul, Korea (1990)

.Hong, S.M., Shin, J.H., Kim, E.R., Lee, J.I. and Yu J.H. Effect

on the texture and flavor of frozen yogurt by mixed strain cul-
ture. Korean J. Dairy Sci. 7:203-213 (1995)

. Murata, K., Kusakabe, I., Kobayashi, H., Akaike, M., Park, YW.

and Murakami, K. Studies on the coagulation of soymilk-protein
by commercial proteinases. Agric. Biol. Chem. 51:385-389 (1987)
Kim(Lee), S.Y., Park, S.W. and Rhee, K.C. Textural properties of
cheese analogs containing proteolytic enzyme modified soy pro-
tein isolate. J. Am. Oil Chem. Soc. 69:755-759 (1992)



610

11.

12.

13.

14.

15.

An, T.H. Effects of enzyme modification and soy protein isolate
on the quality of cheese analogs containing lipoxygenase-defected
soy milk. Ph. D. Thesis, Chung Ang Univ. Seoul, Korea (1998)
Marsilli, R.T., Ostapenko, H., Simmons, R.E. and Green, D.E.
High performance liquid chromatographic determination of
organic acids in dairy products. J. Food Sci. 46:52-57 (1981)

Kim, C.H., Shin, YK., Baick, S.C. and Kim, S.K. Changes of
oligosaccharide and free amino acid in soy yogurt fermented with
different mixed culture. Korean J. Food Sci. Technol. 31:739-745
(1999)

Ioanna, S., Martinou. V. and Gregory, K.Z. Effect of some stabi-
lizer on textural and sensory characteristics of yogurt ice cream
from sheep milk. J. Food Sci. 55:703-707 (1990)

Estelle, M.P,, Clunies, Y.K. and Mullen, M. Physical properties of
yogurt: A comparison of vat versus continuous heating systems
of milk. J. Dairy Sci. 69:2593-2603 (1986)

16. Lee, 1.S., Kim, Y.B. and Ko, Y.T. Flavor and volatile compounds

of soy yogurt. Korean J. Food Sci. Technol. 17:51-53 (1985)

17.

18.

19.

20.

21.

=) F skl A) A 33 A 5 3 (2001)

Kough, I.S. Studies on the milk fermentation and the substrate
conversion by Bifidobacterium bifidum ATCC 11863. Ph. D. the-
sis, Chung Ang Univ. Seoul, Korea (1987)

Shan, N.P. Bifidobacteria: Characteristics and potention for appli-
cation in fermented milk products. Milchwissenschaft 52:16-20
(1997)

Shin, J.H. Effect of ISP(Isolated Soy Protein) treated with
enzyme on fermented soy milk. Ph. D. Thesis, Kyung Hee Univ.
Seoul, Korea (1986)

Lee C.H., Kim C.S. and Lee S.P. Stuied on the enzymatic partial
hydrolysis of soybean protein isolates. Korean J. Food Sci. Tech-
nol. 16:228-234 (1984)

Rasic, J.L. and Kurmann, J.A. Yoghurt: Science Grounds, Tech-
nology, Manufacture and Preparations. p. 63 Technical dairy pub-
lising house, Copenhagen, Denmark (1978)

2001 74 182 A



