J. Coll. Dairying, 10: 349~357 (1984)

Lactobacillus bulgaricus L Styeplococcus theyrmoplulus
DOIAEVERICE X3 T HIRFLO IO HE

% o BB LonARFT e MO RS

The Influence of Heating Milk on the Symbiotic
Relationships of Lactobacillus bulgaricus
and Streptococcus thermophilus

Masanori Kikuchi*, Kayoko YAamMAGUcHI*
and Yukio MATsUI*

(May, 1984)

# L]

S FA b RARK—Z—fd & B Lactobacillus bulgaricus & &k O # % Bk B
Streptococcus thermophilus OENCIIIAEERIRH D, BERETHI LT L TELL
LBOERPRIhD Z EXFELRT WS,

Pette & Lolkema® 3 L. bulgaricus OHAFBRAB S BIEAC X » THE LY v S.
thermophilus O & H O W E WS ThHhAHH L LT%b, Ef, Bautista bV % S. ther-
mophilus xf LCREREDRY LOTHWHER e AF O vES ) Y YO 2BTHH E L
Twbh, HROY L L bulgaricus DHFL 5 v 7 B BIERARC X o TELIASY 7,
LAFUY, AFF=v, FARIVEE RAYVOSEDT I/ BECXo THREDD
ERELT S,

—Fi, S. thermophilus D HEFMBEH L. bulgaricus DEHE, MERXRETSHZ L %
HX N T\5b, Tbb, Galesloot H?, Veringa 50 (X FEA L. bulgaricus DREY
BETHE L, HROYL S. thermophilus o X - THEIhSFREELE vEBEThHD
C e R Bt Fio, BAY X L bulgaricus & S. thermophilus o 4RI I\WT,
L. bulgaricus (3 ¥ CHBENEE SN, Lhd ¥Mud L bulgaricus » RNA, DNA ©7
F=v, 77 =vEBAL, #EOSBCESTLEEWLAC LI, LavL, Pett &
Lolkema®, Bautista 57 (3 L. bulgaricus s L, S.thermophilus (X REREHRD L

ORGSR MRS R
Laboratory of Dairy Microbiology, Department of Dairy Science, The College of
Dairying, Ebetsu, Hokkaido 069-01, Japan



350 BB - Ut - bR

W EREEHE LT3,

D X5 L. bulgaricus & S. thermophilus ¥ O #APFRIIFREC L T, H D
ER LIRS X » TR B Z &, Fio L bulgaricus OIFHERTE, IBEER M &
T BBBEADOMBADEET X » TH Ric D &AM, KBS TR BEA O st & I
AFREDBREBLIMCLICLDTH B,

MHEXUH®R

1 # & B &%

ARBICHIA LIcElL, BRBRYRKRY, BEMAYENKEECBRELTHS L bulga-
ricus 2139, S. thermophilus 2137 THh %5, WEkkIL 10% BILBEAC 1% i X 5
#ME L 37°C, 14~16 BB CHRAMEL S DELIRE LT,

2. K *

10% ZITHilEF % 500 ml D=7 5 2 22 Ah, FhFRERE T 80°C—10 4R, 7
KET100°C—10 ], LA — + 7 L — 7T 120°C—5 DO IMEABFF U, A% — & —
37T°C TI6MFHNE B LIcb D& 1% 1/ X 5L, 42°C TARS# %2 1T » 1o, &
BORMDERBRIIIFHEF ) v a2 BERELCEEM R M L,

3. HE¥OME

L. bulgaricus o AW PIEICLH LR ) HHOPRE L AV, 7Y » 7 AEREM (4
) CERRPIRZER LicDb, 1% BERXYEBHE, 37°C C3IMBER LB 2= =
— B O EEE Y RDI,

1. ¥MOERZE

FMOERIENME ZAKFE) w L ote, Tihbbi#ELEAY 2N HClL © pH % 46
& Lo, 5000rpm OFEOHEEC L - TH LA vaREL, LisH 100 ml #KEKE
B X - T 1,000ml 27 s ¥ THiE Lic, BERIIr —2) =38 v—2—-TH
10 {5l Lz s, = 0f#Ewk iz 10% CH; COONa 10ml, 10% HCl 2ml, 6.5% HgCl,
25 ml iR LIRE € 20Nk, Bostk, EEBEMO 77 27 4 45— (G4) TR,
BT HHALE — KL E, HCOOH (mg)=HgCl (mg) x0.0975 D25 gD B4 Kk
DI,

5 HEHREHROHE

AHREDRIEEROMMBD 5\ IILBAERE EEBE) CHE L,



S~V FAE— 2 —DIEER 351

¥ 7

L iR B S B LR

L. bulgaricus 2139 ¥ & S. thermophilus 2137 ¥k O B ds X ONR & B HBHIZ 3613 5 B4
R MBI IC /02 Fig. 1 TH 5, 80°C—10 4Rmshil i3y, Bok
BOBICBMERBED XL/, REKBCIDHAMFHOHRIRDL R T, Ik
A 100°C—10 531 D3B 4, S. thermophilus 2137 ¥k, L. bulgaricus 2139 ¥k o 8 i i1
BRDEBULIIE: Shighy - 12, Thb OBKORSHEBIFICIIE L BOERIED D
H, WbW L IEERRBFCHR LD bR, X5 120°C—5 sl <k, L. bulga-
ricus 2139 Bk HARK R LB BICOBOER,E LG bh, 5536 Bl LI RE
BREAFOAMEREE o1,

I5F A f B o

(e o

Acidity ( %o)

'l il e i

0O 2 4 6 8 10 0O 2 4 6 8 10 0 2 4 6 8 |0

Incubation time (hr)

Fig. 1. Symbiotic relationship between L. bulgaricus
2139 and S. thermophilus 2137 in skim milk
heated at different temperatures.

Culture condition: 10% non-fat reconstituted milk was used as media.
Combined cultures were prepared by using 1.0% inoculum of each of
the two strains. For single cultures, 2% inoculum was used.

A : Preheat-treatment, 80°C-10 min.
B : Preheat-treatment, 100°C-10 min.
C : Preheat-treatment, 120°C- 5 min.
—O—: S. thermophilus 2137
—o—: L. bulgaricus 2139

——: Mixed culture
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Fig. 2. Effect of different heat treatments
of skim milk on souring milk by
L. bulgaricus 2139.

—0O— 100°C-10 min.

——&— 100°C-20 min.
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Fig. 3. Effect of different heat treatments

of skim milk in acid production
by mixed cultures of L. bulgaricus
2139 and S. thermophilus 2137.
—0O -~ 100°C-10 min.
- @—- 100°C-20 min.
- -<.-- 100°C-30 min.

Preheat-treatment :
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Fig. 4. Stimulation of developed acidity by Fig. 5. Stimulation of the growth of L.
L. bulgaricus 2139 in the addition bulgaricus 2139 by addition of steam-
to steam-distillate from heat-treated distillate from heat-treated skim
skim milk. milk.
Preheat-treatment : — O-- Unheated. Preheat-treatment: -— O-— Unheated.
—oa—  80°C-10 min. —2.-~  80°C-10 min.
—@— 100°C-10 min. —@— 100°C-15 min.
—A-— 120°C~ 5 min. —&— 120°C- 5 min.
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Table 1. Formic acid production by S. thermophilus in
skim milk heated at different temperature

Incubation time (hr)

Acidity (°/)
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0 12
Formate concentration (ppm)
Unheated 1.7 -
80°C, 10 min. 2.7 4.5
100°C, 10 min. 6.3 9.1
120°C, 5 min. 26.0 38.7
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Fig. 6. Effect of sodium format on acid Fig. 7. Stimulation of the growth of L.
production of L. bulgaricus 2139. bulgaricus 2139 by adding sodium
Sodium formate (ppm): —O— Non formate.
- @— 10 ppm Sodium formate (ppm): 0 -- Non
—-2— 20 ppm —@— 10 ppm
-2 20 ppm
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BRLIAEOMBARIBDB I, Thik Veringa 59 2R #4& Ll L 514 — b7 L —
TRE T L. bulgaricus % ¥5# T 5 &, S. thermophilus % BEWH LD LR L L 51
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Summary

It has been reported that acid production of L. bulgaricus, which is used as one of
yogurt starters, is accelerated when cultivated with S. thermophilus. This symbiosis is
such that formic acid produced by S. thermophilus accelerates the growth and the acid
production of L. bulgaricus.

This study was carried out in order to clarify the effects of heating milk in the
symbiosis explained above.

As a result, the acid production by L. bulgaricus 2139 was accelerated by higher
temperatures and longer time in heating of skim milk. Formic acid production was
increased at 6.3 ppm in the 102 skim milk solution heated at 100°C for 10 minutes, by
contrast with 2.7 ppm in the heated milk at 80°C for 10 minutes, and 26 ppm of the acid
was detected at 120°C for 5 minutes of sterillization. Higher acidity in the mixed culture
of L. bulgaricus 2139 and S. thermophilus 2137 was obtained as the heating time (10,
20, 30 minutes) to the skim milk was longer. Furthermore, 38.7 ppm of the acid was
measured after 12 hours in the milk, at 120°C for 5 minute sterillization, which was
inoculated with S. thermophilus 2137, compared with 4.5 ppm in the milk heated at 80°C
for 10 minutes under the same condition as described above. In addition sodium formate
at 20 ppm to the skim milk, acid production by L. bulgaricus 2139 increased 2.7-fold,
and the viable count showed 10-fold, against the case of non-addition of sodium formate.

Consequently, it was concluded that formic acid produced by S. thermophilus 2137
cultivated in milk and by heat processing of milk reacted upon each other and increased
the production of the acid.
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