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The Effect of Starter Culture on Viscosity of Stirred Yogurt
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ABSTRACT

This study was to review recent reports in effects of various starter cultures on the viscosity in stirred
yogurt. The rheological properties of yogurt have received considerable attention in the literature. Most
yogurts are typically made by mixed cultures of Lactobacillus bulgaricus and Streptococcus thermophilus.
The viscosity of yogurt made by mixed cultures was much higher than that of yogurt by single cultures. Since
texture of stirred yogurt is the result of both acid aggregation of casein micelles and production of exopoly-
saccharides, it is suggested that yogurt be made by the exopolysaccharide-producing cultures in order to
increase viscosity. Both types of exopolysaccharides are capsule and loose slime(ropy). But it is desirable
to use encapsulated nonropy strains. And Bifidobacteria affects adversely to the viscosity of yogurt. Therefore,
starter cultures which have an effect on yogurt viscosity have been widely demonstrated. This review is the
search for the development of viscosity in stirred yogurt.
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AE £27t 2E3] F7EIZ ArkSung 5, 2005).

34 QFEES 2R 713 EE AFY A%, &
n), 27 EAd] o8 2+$-BrkBeal ef al, 1999)7 &
HA AUtk QFEE BTy mf1iE) 2 gel A9 =
2 49 F2 A9 caseino] FHate] o) 51
HE AAE o]&3 Rojutk. I} 230 YT A
U f3o] EalHe AL wr) st YR Y
g 14~18%E AF3 AHFASMEFA THAE
ATY, 1984). AEE FIHAII 2¥IAEY 7|84
& o7 M A7ES 927 s A7t Atk
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Atz o g Y2 e o Adge, Hel, bl Fol AHE
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siebs av|ate] &30 wiate AAE e geiCer-
ning, 1990). 3 UG AL} Zax Fof el A e
A AHS-Z WA LR FAIE Y} ol T F
AAE T8 93t FAFAY Higle] A E
Fole WHLZ IR A FFE o83z A
(Zourari, 1992).

B £F9 uiAEES AXY 94 YUFE
MAsl=H M EYga A=l A= capsule(capsular
polysaccharides) =} A ¥ 7} A=A L loose slime
(ropy)®] HERZ TR HH, ol & FA3}d exopolysaccha-
ride(EPS)E} =9 3tTHSutherland, 1972). ZHE A
oFE dwHo s EPSE AAsle 55 waiv,
el o8] AAE EPSE fAlEL AE, A,
B3 S 243kad(Duboc and Mollet, 2001) =4,
23, 47, 80 58 Z7}A 71t Degeest, 2001). EPS
A AL Ut o2 QT2 E 9 syneresisE 7
AN, AF F3 3 AL A7) v (Hassan e
al, 2003), EPS A #F2 AzZ8 i F= O 2
EFEG A% 7)17be] ATy B H At Sundman,
1953). 12 ol2ld FA #F9 438 EAdE
Eret A4 FAdM Y EQrAds EAJo] A
olg| = A £33 AcHCerning, 1990). wle}r] E 1o
Me STFEE AZA o8 /79 570 & Fx
St AR FFE AMEE 99 AT s ¥ B4
o AEE F7H917] AE S - 9 dF ARES

2R 1A I,

I, B 3 W BRI mE
Mz wsy

A Z o] 1 thixotropy(time- dependent) 515
o]tiLorenzi et al., 1995; Velez-Ruiz and Barbosa Ca-
nobas, 1997). RT2ES] AL JEFL FE 2910
B Efde] F 28 g o vig B A
T, AHE #59 slime A4 583 A A4y FoB
3 7(Rasic and Kurmann, 1978)%]0] it} o7 - &=
AHE #Fd webx] WalE s AT FajA A
EE g

272E9 A5 WAL Ra2e) THE Yohr
7] 98 Paik3} Ko(1992)2 Lactobacillus acidophilus, L.
bulgaricus, L. casei, L. delbrueckii, Leuconostoc mesen-
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teroides 9] 5717 ¢ #5& AHEdld AZxH &
TEEY IZE HHHETHTable 1).

o 79 ¢ #FE AFEEE Az F
T8 &A% A3, Lactobacillus acidophilus 2 SHE A
B7F HAHo 2 2 AT E eI, Leuconostoc
mesenteroidesZ. THE A7) & AR E JeYYch
o] A3} Kim 5(1993)0] L. acidophilus$} L. casei®)
£ FE OE N E7} L delbrueckii2 THE A|EH
O dAAHLE i 52 ATE vERY oy F3%
ZpolE Holx 93 Aster fAbstdth

@G FF EF 452 ARG QFEE HE
£ | 3t7] YA Lee 5(1998)2 L. bulgaricus FR
10259} S. thermophilus CHI S ZtZt 9 #3& A&
AW, 13 2:19) v & Z e &3 FFE HE9
o QFEZEE AR IEE S5 tHTable 2).

9 #F9 EF FFY AHEOR AZF 272
E9 Mx &4 Az}, L bulgaricus FRI025%} S. thermo-
philus CH1Z 1:1E &3} starter2 AlS-&t= 73S
7t L. bulgaricus FRI025 ©=02 AL231% S B}
Ao 205 AE YT A AR 2
S m) XA okokth Kim3} Hwang(1996)] Aol A
X L. Salivarius ssp. salivariusS} L. casei YA-702] ©Y
a4FE AMELsl Az QX2 ES} B longum, L.
acidophilus, Streptococcus salivarius ssp. thermophilus s
A TR #TE AN EF #5E HEA &
EE HEE 77 FAHYE o RE AE FolA

Table 1. Effect of cultures on apparent viscosity of
curd yogurt’(Paik and Ko, 1992)

(unit : poise)b

Lactic acid bacteria Viscosity
Lactobacillus acidophilus 8.72°40.92
L. bulgaricus 8.34°£1.63
L. casei 8.42%20.51
L. delbrueckii 7.4840.63
Leuconostoc mesenteroides 746%0.97

* Sample was prepared from curd yogurt fermented with lactic acid
bacteria for 24 hr.

® Mean values and standard deviations of four or more replications.
Any two means in a row not followed by the same letter are
significantly different at the 5% level.



Table 2. Changes of viscosity of yogurt after storage
for 7 days at 4TC(Lee et al., 1988)

Viscosity(Cp)®

Lactic acid bacteria .
After cooling’ After storage

L. bulgaricus FRI025 1950 1950
L. bulgaricus FRI025

2
+ S. thermophilus CH1(1:1) 100 2150
L. bulgaricus FRI02S5
+ S. thermophilus CH1(2:1) 1166 1250
S. thermophilus CHI 301 290

* Cooling to 4°C after incubation for 9 hours at 40°C.
® Storage for 7days at 4C.
¢ Spindle No. 4, 60rpm.

£ #FE AZXNE 9 Azv M sty By
stk AAEo g A QFEEQ ARA Y #F
FHT EF FFE AHLEEE W HETt B Eo}
A A& ¢+ A9k

o 89 @30 Mg d= He

34 27 E2EQ x22 wiok Ftol ropy 75l
213} casein micelles@] AF 2379} EPS AJAj 9] Asjol v
(Ceming, 1995), ropy #3-9] AH-2 gel ¥<=3} synere-
sis AAFoEZH 2IT2EY HLE AT
(Ceming, 1995; Shellhaass and Morris, 1985). I3}, A&
o] §4 A2 EPSYcasein micelle Ato] 9] A3 AL
s Eslt BSe) 225t Yol o8} YR wen
(Cerning, 1995; Shellhaass and Morris, 1985). 38+ 73
8 23, & 18I pH §o) LT2E AN F
2% 43 Q2o|tiBeal et al, 1999).

EPSE= F2 3L 99 glucose$} rhamnose, 1) 3
galactose 2 o] Foj7] Qlck. Z FF3 FA EH A
g AW B, S thermophilus A& 50~350 mg/L,
L. delbrueckii ssp. bulgaricuso A& 60~150 mg/L o] 8
fojtiDoco et al., 1989; Garcia-Garibay and Marshall,
1991; Toba et al,, 1992). EPS= A& AT Fwo) 23}
Hol AN caseind} 45 24L& 3irh EPSSF MF A
ol9] A% 28 9F2EJ WY o sy T
EPSt AX FWoZ Ry Euf Fok caseini}o)
A3 L2 ALY o A A Ane QS

o) 21t Teggatz and Morris, 1990).

H9 #F7F L7F2ES Hxo T s 9¥E ¢
o}1.7] $)a) Kima} Hwang(1996)2 Streptococcus sali-
varius ssp. thermophilus FF A TAH ZTAE 4F
HSS} AAE F3F Redi-setS A}23le] QFTEEES A
Z3HT, g F AL Ast X ojn 3t WIE
FER o d& A

Fig. LM 2AE FF2 AZ3 Q72E7} A4
E 52 AT A8g Aesb ¢ B AL B
g ¢ A AT #FE Ad A E vehd
Wl g TAIZE 0] % 2417 9t AETt Sl e o
= UFEY B4 o] tgr)e oJFgAT &
S ¥ HAY BEAL 79 F2o] A Folx A
H}E Duguid 9 Wilkinson(1953)9] B 7.9} 72 A
2 HYEAh i F AT ol F FES e gl-
cohydrolaseol] 93 HA E-e] A1 B2 HE
7b 745 tHe Macura $(1984)3} Pidoux £(1988)2]
A zte} 7Skt Redissetol M= vl Sk A1ZF B¢t A4
U HE 7 Bded, dEAd 239 Aol 3
FFolxe 4 Ao 93 FAx F7h7k F890]7)
o Folgt? B IS AtHKim and Hwang, 1996).

Fig. 2.& W% & A& Aol 23 9 W3l
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(1973)8} B39} 228 Ao = shA |0, Ceming 5(1992)
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Fig. 1. Changes of viscosity of high viscous strain(HS)
and low viscous strain(Redi-Set) during incu-
bation(Kim and Hwang, 1996).
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Fig. 2. Effects of low temperature treatment on visco-
sity of high viscous strain(HS) and low viscous
strain(Redi-Set) during incubation until maxi-
mal viscosity(Kim and Hwang, 1996).

A : 42T/9h, B : 42TC/7h — 20°C/2h — 42C/2h.

A E49 #4o] ZolABE HE7t F718lA, Sou-
therland(1972)+= isoprenoid7} polymer §4jell Wo] o]
LB g ATrt Z7MEdes 219 2 9u|R &
A4t

Bouzar £(1997)2 EPSE A A 31A] o S. thermo-
philus CNRZ 3899) EPSE A A 3= L. delbrueckii ssp.
bulgaricus CNRZ 1187, o]7 &l ¥ Z9] white¢} pink, 1
)3 mpxjutoe g EPSE A AR &b L. delbrueckii
ssp. bulgaricus CNRZ 3895 ztz} 4o &3t &5 4%
FE 44t Fig. 3 Z7te] 33 5= Axg
LF2E] A7t wE HAE W3E Jehd Zolth

SYLb 11872 SVLb W& ©]§¢ Zaf9 HEs
Ao Z7tEle AL & 4 ddt A1 #AE
W 24012 Fo) vhebueh STILD PE ¥ TAIZ)
7R 284 Z7HEAT I F HES} FAHT BE
o) B2 FYdA geld FEHL syneresis= §UA
T} W) non-producing® ol &¥ BEH YEE
ob 234 F7HSIA L gel Wol2i A L syneresis®
vebytcFatouma et al., 1997).

3§ 739 EPSe) A %S 4wy, Sulb W7
7H A, SO 2E SyLb P, SULb 1187 &0l dth
SYLb W, PEXE] EPS A4 UA AJzgy #F 34
2 ol o] o Eotalch Wk 4, 517 o) Fol i v
EPS®] A¢] wto] vpelitel. SULb 118725 E 2] EPS&=

68 SIBRINZIEUSISA M242H 15, 2006

200

Viscosity(nPa.s)

0o L5 30 43 (14 s .0 105 40

Time ()

Fig. 3. Viscosities of reconstituted NDM(10% wt/vol)
during three mixed-strain culture fermentations
at 42°C by the non-exopolysaccharide(EPS)-pro-
ducing Streptococcus thermolhilus CNRZ 389
with the parental EPS-producing strain Lacto-
bacillus delbrueckii ssp. bulgaricus CNRZ 1187
(StLb 1187)(M), with the white(W)(A) and with
the pink(P)(x) colonial variants, and two single-
strain fermentations of S. thermophilus CNRZ
389(@®) and non-EPS-producing L. delbrueckii
ssp. bulgaricus CNRZ 398(double triangle). The
values are the means of two measurements, and
the maximum deviation between duplicate re-

sults is 10%(Fatouma et al., 1997).

AR 718 NFHANM AL HL £X]& veliATP,
Wo M) EPS= A A7) ¢l = Al 4= 9lck SvLb P
ERE EPS 782 WA 1059 24A7F T A3
#astdoh Ak EPSe AAH Alold = A
A YA gtk & M B2 HEE 7B
E& EPS 583 4 sA @t EY FFERH
EPS9l E2l3)8ta 54L& ©Y #FZHE EPSSt=
t=2vE A& ¢ 4 AtiFatouma et al., 1997).

Hess S(1997)& EPS 9} EPS’ Q72 E S 23197
o] ul4] 2 & SEMO2XE £33t Jehlgic
(Fig. 5). EPS™ R EZE 0| A 9] casein micelle> ¥ F7t
& EHMY EYIE AAY LF2EY &
tojut dtelejol s EHMRIIE ) EPS’ 272E
= casein micelle Y E ]I o] EPS™ vl g)o}E A A3}
= EPSe] UIWE ZAE 495t E EPS” QFEE
o} $A 225 JHRTh

EPS” 2 FE2E7 T43td S B, undisturbed

ox
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A QF2E9 ol UIXle 279 ¥

L2 E(a)d] %3t A X2 = casein micelle network
o] RuA B g xackb). £ o 723 A A
= casein micelle networkS A&H oz Easie o
22 micelle 274 WEA Hrke)

EPS" QFEEE 43 MY, undisturbed L T2 E(a)
o o3k Aet M2l EPSY QA HA ¢ casein mi-
celle network -] HRAA F£Fol doldrib, c).
Acto] Al&H T FE7t sl A5, v E]ot2 R E
EPSe] ¥ ol 723 2l Al wsld, EPS 7}
gl 2 A3 ko] PAHo & & JFL
ZESeHd). EPS" Q7 E2E9 227 BajoA casein
network®} 2 polymer7} networke] £83 R &
AA gt AL U 5 Ak ofF3} 123 SR
Qls] EPS” R 72 ES EPS' R F2EY 2224 &
A2 28AA He Aotk

Helen 5(1997)2 non-ropy®} ropy2l S. thermophilus
L. delbrueckii ssp. bulgaricusE ztz} E3tsbe] 4272
TH FFE VB LFEEE AXY F AE F
Astgck. 1 A3, F 719 non-ropy straing A}l

b
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Fig. 4. Exopolysaccharides(EPS) produced during three
mixed-strain culture fermentations on the non-
EPS-producing Streptococcus thermophilus CNRZ
389 with the parental EPS-producing strain Lac-
tobacillus delbrueckii ssp. bulgaricus CNRZ
1187(St/Lb 1187)(patterned bar), with the white
(W)([) and with the pink(P)(Hll) colonial va-
riants in reconstituted NDM(10%, wt/ vol) at
427C. The values are the means of two measure-
ments, and the maximum deviation between

duplicate results is 10%(Fatouma et al., 1997).

o

2FEEE 713 we Ay AES BYY. 19y

ropiness= Lb r+St i AE2 ZHABJ] FEAN 7+

Fig. 5. Schematic diagram showing the proposed me-

chanism for shear-induced structural degrada-
tion of yogurt made with exopolysaccharide-
non-producing(EPS”) and exopolysaccharide-
producing(EPS") starter cultures. Indicated are ca-
sein micelles(CM), cells of Streptococcus ther-
mophilus(ST), cells of Lactobacillus delbruec-
kii ssp. bulgaricus(LB), void spaces(VS) and
exopolysaccharide(EPS) is shown as filaments
connecting cells of Lactobacillus delbrueckii
ssp. bulgaricus(LB) to the casein micelle net-

work. Indicated size is approximate.
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Fig. 6. Apparent viscosity of yogurts before storage
(Helen and Marshall, 1997).
* Non-ropy Lb and ropy Str, x Non-ropy Lb
and non-ropy Str, A Ropy Lb and ropy Str,
B Ropy Lb and non-ropy Str.
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24 QFEEY Hxd OjAle 2FY F¥

78 B3A7] d&Ed F N9 ropy ¢FE AHET
seigte oA FHAQ F7HE ojE WA
e g ¢ F Uk
EPS= Al 7}t A so] 3l capsule(capsular poly-
saccharides)Z} A £ 3 AFEA P& loose slime(ropy)
o] Fej 2 FEFtiSutherland, 1972). o]2]§ }o]E &
obH.7] $Ja] A Hassan $5(1996)2 }«3t€ ropy FF,
74 & 3}4 nonropy, &35 A %2 nonropy & A}
235l e F=EE AZF4 27 9d FFE(Fig
)¢t &3 F5(Fig. 8)o B A=E FAsA
o] AFolA ¥ A £x& AAHA EHE 2
A7) 8 AHE-E Ak Fig. 7, 8914 24438 non-
ropy, =3+ ropy, 1212 H&315A] %2 nonropy
Fo8 9E QFEEE FFHQY &5 FHE e
W 3 thixotropy 545 7Helzltt. 23+ non-
ropy @FA 71 & AES NS 2T EEE 7}
52 A9y FAE MY & 22 A &
A Hge 277t ALDFE 2RI Jxst AAe
RS ¢ F Atk YE3EA Y2 nonropy FLE
A MELE M 22 AR 5 $XE HYTh
RRE WEAZ LTEEFig 7)9 ropy LFEE
(RR# S32 2F A7) AE, Fig. 8)9] 5 F4HL A
= 3}5]A] %2 nonropy 9} &3 nonropy T2 & A
Z% RFEEY {F FHI A48 g3k RRY
S30E WE 272ES §F THI} RRULE A2
3 QP2 E {5 AL vNs] B, 9 ropy T+

fr e
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Fig. 7. Curves of shear stress versus shear rate for
yogurt made with ropy encapsulated(RR, W),
nonropy encapsulated(S3855, A; and L3, *),
and nonropy uncapsulated(S3, +) single-strain
cultures. Each line represents the mean of

four samples(Hassan et al., 1996).
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Fig. 8. Shear stress versus shear rate curves of ropy
yogurt(S3 and RR, W), yogurt made with non-
ropy encapsulated cultures(S3855 and L4, A;
S2 and L4, *), and yogurt made with nonropy
uncapsulated cultures(S3 and L4, +). Each line
represents the mean of four samples(Hassan

et al., 1996).

FTEAZG QTFEEE AT AD oY HAd =
23171 f8l ¥ 2 AY S22 gQEdes AL ¢
% 0T 1 olfE oplE B 22 UE 72
EofA A H polysaccharides®] o] RR$} S3¢] &3
dFE BT QFEEAA YAE ARt o &7 o
F9 ZojtKHassan et al., 1996). T3} L. delbrueckii
ssp. bulgaricus RR®] ropy oF+ @Y @59 % ¢
Foff F33A 7 52 AR HEE JHA 8 FE
EE Azge Aoz JEiyth 99 43 4742 B
o}, 2FBEE AZE Y A% nonropy F)<)
EPSS 44SHE TAE 258 AHaHE 0] 272
Eo] T el 7HE olaAolez Arath

IV. Bifidobacteria®l] IE HE B3}

Bifidobacteria’= A% T3}t T2 o)ug FHOE
A9 f3f A Fl FA4E dABE, dEY e}, F
4 B3, A9 54 59 4 AR ZaAU0
(Hughes and Hoover, 1991). 3] BifidobacteriaZ W&
A EERE Ao FEHSY W ARNT F
QF A= Aol AL AEFHLR FHX7L Qe L#)
lactic acidE ¥3t= 59 A (Kang, 1990)0] th

Lee 5(2001)2 Bifidobacteria bifidum &4 #F59
L. acidophilus$} L. bulgaricus & 412 &3 #F8 AL%
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Fig. 9. Effects of types of starter culture and enzyme
treatment on the apparent viscosity of soy yo-

gurts(Lee and Lee, 2001).
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Fig. 10. Changes of viscosity in yogurt during storage
time(Ko et al., 1994).
@-@ ; Yogurt not containing Bifidobacteria,
0O-0 ; Yogurt containing Bifidobacteria.

St QFEEE AZY F IEE S 21 4
= Fig. 89l Webde). S, thermophilus$} L. bulgaricus
9] A FF = arabinose, mannose, glicose 2 galactose
TLE 749 dIFFE 4 A(Rasic and Kurmann 1978)
stok. o THNA L bulgaricus7V B. bifidum B L.
acidophilus® Bla} HE7l & AL FAEA dGF
€ A% Az Tt 4% FUE Jog Ay
HtLee and Lee, 2001).

Ko 5(1994) Bifidobacteria®] &% ©}& Q72
E9) Jx Azt g3 wwsAck 1 A A% 7)
ZHE AR B o HFdow A48 o=
EdM Uyt 0 F2ETMulgtA QF2ENT HE

H
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ﬁ
e
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7t B A vEbgth o)A 2 Yol Bifidobacterial)
EA7F 2 7o ARl oA B FYS T A
T ¥4 TES A7 s ZAoE addn.

v.8

QF=2E9 ZF 7ML custard9} Zhol R T uj1l
e FAE AYIL glo] LFEE gel27E §3
o #2071 ge Aol Sd AFolety A Utk
(Paik, 2004). YWt o2 QF2E= S thermophilus$} L.
delbrueckii ssp. bulgaricus 2. TYEOI XA vk, el A
HE AAY LFEE AxA FEE F7HA717] 9
)4 7§ <3+ nonropy el o] EPSE A 38}Y Bifi-
dobacterias X332 ¥ &EF FFE AHgE]ok &

= A& ¢ F Uk

EPSE RH&o 3dHo2 &84 HDuboc and
Mollet, 2001), W0} 3k EPS zH& 7]zhe Bgain,
G8] EPS BF¥WoE Axst AAHE AL ofy
ok AeE wRY o ety kst EPSS) v
729 A5 g Fol o8 e won, EPSe B2}
AFy FRAY Ax E3 TEH FRo) F23}
Al 2281 tHRuas-Madiedo ef al., 2002). L]} EPS A}
A3 24, 239 FAo A Gl v o}
7HA Al ¢eA A gt £F TN 4B
EPS®] Rk} AZg 7 T Bal3legs Ao
@ FFolA AR EPSY E4iF tHE 7154
A7] 2ol Iof g A7/t 6% g2 scKFatouma
et al., 1997).

I8y AErt WE & S Aukdd 2370
L8l £A 42 4 nAA ok dARA E2
o] % QF2ES Hrrt FAFHOE ol AL
TEUAHE 8YH o2 B = oYy fEol (Ko e
al., 1994), 1ol B AT oA o] A7 2 ok
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