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Rate of Acid Production by Some Lactic Streptococci Individually 
and in Combination in Buffalo Whole and. Skim Milk at Different 

Temperatures 

Dairy Microbiology Department, Sheth M. G. College of Dairy Science, GAU, 
Anand Campus, Anahd-388 110 

ABSTRACT 
The present study was planned to examine the rate of acid production by 

Streptococcus lactis, Str. cremoris amd Str. diacetylactis (DRC,) singly and in combination in 
buffalo skim and-whole milk at 25 and 30°C. The. cultures were inodulated at 5%, tnte 
(V/V) in both the types of sterilized milk and incubated at 25 and 30°C for 10 hoars. 
For combinations cultures were grown separately and mixed before use. The mixed 
cultures inoculated at 5% rate in 1:1 ratio as above. Hourly samples were drawn 
to measure titratable acidity expressed as per cent lactic acid (% L.A.) upto 10 hrs. 
of incubation. 

i 
The cultures when grown-singly or in combination performed -better at-30°C than 

at 25°C. The acid production was higher in skim milk than in whole milk at both 
the temperatures, Individual cultures produce more lactic acid than mixed cultures 

in both the type of milk and at both the temperatures. Thus it is proved that these 

streptococci are non-symbiotic. Maximum acid production (1.2% L.A.) at the end of 10th 
hour was achieved by Sir. lactis in skim milk at 30°C. . 

(Received on 31st March, 1981) 

INTRODUCTION MATERIALS AND METHODS 

Rate of acid production by starter Three cultures namely Str. lactis 
bacteria is an important characteristic 

from the point of preparation of fermen- 

ted milk products. It is affected by 

several factors including the tempera- 

ture of incubation, composition of milk 

and associative growth of more than 

one species/strains of bacteria. 

The present study was planned to 
examine three different lactic streptococci 
for their behaviour in buffalo whole and 
-skimmed milk, when inoculated singly 
‘and in, combinations ard incubated at 
125° and 30° C. 

(isolated and, maintained at our Dairy 

Microbiology, Department), Str. cremo- 
ris (Hansen’s, Laboratory Denmark); 
and Str. diacetylactis (DRC,) procured 
from National Dairy Research Institute, 
Karnal were, used in the study. The 
cultures were propagated in sterilized 
(121° G/20 min) skim milk (less than 
0.5% fat) of buffalo and stored in re- 
frigerator till used. The cultures were 
-transferred weekly in: fresh skim milk 

jas above, Initially cultures were acti- 
vated, by three Successive .transfers be- 

rey 
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fore use. Sixteen hours old cultures of 

Str. lactis, Str. cremoris and Str. diacety- 
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phenolphtkelin indicator and expresseq 

as per cent lactic acid (% L.A,), 

lactis incubated at 30° C were inocu- 

lated into 100 ml sterilized skim and 

whole milk of buffalo having less than 

0.5% fat and with 6.0% fat, respec- 

tively at the rate of 5% (V/V) and 

10 ml quantities were distributed in 

18x 150 mm sterile test tubes, The 

milk inoculated with the above. cul- 

tures and their combinations were in- 

cubated at 25° and 30° C. 

Hourly samples’ were drawn by 

taking out a set of test tubes from the 

incubator up to ten hours to measure 

the titratable acidity by titrating 10g of represented» in Tables 

sample against 0.1 N NaOH - using figures 1 to 5. 

TABLE 1 | 8 Ssh 
Effect of incubation temperature and types of milk on rate of acid production by 

Str. lactis. | | 

In preparing combinations cultures 
were grown separately and mixed be. 
fore inoculation.; The mixed cultures 

30° C, 

RESULTS AND DISCUSSION 

three lactic streptococcr 

a 

were then inoculated at 5% rate in 
1:1. ratio and incubated at 25° and 

The rate of acid prodouction by 

singly and in 
combinations. in \-buffalo ..whole and 
skim milk at 25° and 30°. C have been 

1 to 5 and 

Time of incubation - teeta atte : + Streptococcus. lactis . 

Skim milk... re 6 oo Whole milk 

25°C. 30°C. 25°C... . 20 

0 0.207 0.207 0.189 0.189 
1 oT MSIE TATA 0.315 “0.3189 77 0.318 
2 0.345 0.357. 0.354 0.363 

' ¢ 0.384 0.420 7 e 0.381 0.402 
4 0.513 0.579 | 0.510 0.558 
5 0.648 0.774 | . 0.615 0.744 
6 0.774 0.891 9.669 0.858 
7 0.912 ~~ | “hy : 0. | 1.017 0.825 0.918 
s, 1.020 1.112 0.948 0.990 

: : 1.077 1.200 0.975 * 1.011 
1,113 1.213 Py | 1.005 1.086 

. The figures represent average of three trials, 

Table-1 and figure-1 shows the acid 
production by Str. lactis grown in buf- 
falo skim and whole milk at 25° ad 
-30° C for a period of teh hours. It 
can be observed that the acid pro- 
duction by Str. lactis showed an in!' 

“crease from 0.2% L.A. to 0.4% ‘L.A. in a period of 3 hours at 'both 'tempera- 
tures in buffalo skim’. and whole milk 
at 30° Cc. However, the’ rate’ of acid 
production increased from 0.4% L.A. 
to 1.2% in skim milk incubated at 30° C
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from 3 hours to 9 hrs. It was interest- hrs, Subsequent incubation Showed 

ing to note that both whole milk and higher acid production in ddim. wiih 

skim milk showed almost similar in- 

crease in acidity upto a period of 5 than whole milk, 
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pATEL ET AL, 

TABLE 2 
Effect of incubation temp 

py Sir. diacetylactis (DRC,), 

: RATE of ACID PRODUCTION 

erature and types 

IN BUFFALO MILK Ric 

of milk on the rate of acid production 

Time of incubation SS 

ae Streptococcus diacetylactis DRC,) hours : 1 
Skim milk Whole milk 

aa Sn 25°C 30°C 
i : 0.267 0.198 0.171 0.17% 
2 0.294 0.282 0.249 0.267 
3 0.375 0.327 0.330 0.339, 
4 0.519 0.401 0.357 0.372 
5 0.636 0.621 0.480 0.564, 
6 0.864 0.783 0.558 0.699 
7 0.897 0.900 0.633 0.801 
8 0.939 0.921 0.774 0.831 
9 0. 975 0.957 0.864 0.891 
10 | 1.090 0.990 0.900 0.948 

cera ' 1.029 0.915 
The figures represent average of three trials, 

Table-2 and figure-2 indicates the 
rate of acid production ‘by Str, diacety~ 
lactis (DRC,). It was obsrved that the 
acid production by this \culture was 
0.35% L.A. in 3 hgs. and it showed a 
rapid increase in acid contekht between 
3 and 6 hrs. As in Str. dactis it showed 
better acid production “in skim milk 
after 3 hours than whole walks How- 
ever, the acid production by this cul- 
TABLE 3 M4 
Effect of incubation temperature and types 
St. cremoris. 

0.987 

ture at the end of 10 hours was only 
1.02% which was lower than that of 
S. lactis for the same period.- An inte- 
resting observation in this’ culture is 
that it shows reduced, rate of acid pro- 
duction after 6 hrs. ds against 8 to 9 
hrs. observed with Sir. lactis. < : : 

In Sir, -cremoris the rate. pf acid 
production’ was almost similat in both 
skim and whole milk at the, two. tezn- 

of milk on rate’ of .acid production by 
or an 

) BS 
4 

Time of incubation Streptococcus cremoris 
ry 

hours Skim milk QS Wholenitk 
: 25°C 30°C ts 2c .  * “30% 

0 0.198 0.198 0.180 ~~~ 180 
1 0.276 0.282 A As .n 9.273 0.279 
2 0.303 0.327 Ne 0997 3 Q 0.327 
3 0.339 0.361 0336 > 9363 
4 0.363 0.441 0.387 0.438 
5 0.426 0.579 0.420 0.519 

ahiptcnnsbndin are PAGB - spor DBT 2 ome 0.465 0.642 

7 0.543 0.828 0.615 0.756 
8 (0.762. 0.873 0.753 0.842 
9 0.888 0.921 0.888 0.994 

10 " 0.928 0.984 | 0.933 0.969 

The figures represent average of three trials. 



INCUBATION PERIOD ( HOURS )' 

F
i
g
u
r
e
 3
: 

Ef
fe

ct
 
o
f
 i
n
c
u
b
a
t
i
o
n
 t
e
m
p
e
r
a
t
u
r
e
 a
n
i
d
 t
y
p
e
s
 
o
f
 m
i
l
k
 o
n
 r
a
t
e
 o
f
 a
ci
d.
 
p
r
o
d
u
c
-
 

t
o
m
 b
y
 S

tr
. 

cr
em
or
is
. 

@
—
—
®
,
 s
k
i
m
 m
il
k 

¢u
lt
ur
e 
in
cu
ba
te
d 

at
 3
0°
C;
 

x
—
—
-
X
,
 
s
k
i
m
 m
i
l
k
 c

ul
eu
re
 i
n
c
u
b
a
t
e
d
 a
t 
25
°C
; 

A
—
—
 
A
,
 
w
h
o
l
e
 m
i
l
k
:
 c
u
l
t
u
r
e
 i
n
c
u
b
a
t
e
d
 a
t
 
3
0
°
C
;
 

o
—
—
0
o
,
 w
h
o
l
e
 m
il
k 

cu
lt
ur
e 
in
cu
ba
te
d 

at
 2
5°
C.
 

A
C
I
D
I
T
Y
 

 (
 
P
E
R
C
E
N
T
 

L
A
C
T
I
C
 
A
C
I
D
 
)
 

©
 

o
O
.
 

oO
 

o
 

o
O
 

Oo
 

= 
; 

z 
. 

q 

.
 

a
 

0-804 

0:70 + 

0:90 + 

100 y 

ml mn 
+ =" m A 

¥ a. 

4G GAU RES, J. 1983..9 (1)



PATEL EY 42. RATE OF ACID PRODUGTON 
ratures unlike the above iwoe 

(Table-3 and figure 3), Heme 
cid production was ‘bette; at 30° G 
than at 25° C. The rate of acid dey 
Jopment in the two milks at the 

temperatures were similar 
hour of incubation only, su 
cultures incubated at 30° ¢ 
higher acid than at 25° G, [ 

€= 

two 

upto one 
bsequently 
Showed a 
t was also 

TABLE 4 

Effect of incubation temperature and 

Str. lactis 4-Str. diacetylactis. 

daicetylactis 
fast rate of acid production after a Be 

IN BUFFALO MILK 47 

lactis and Sir. 

showed 
observed that like Sir. 

this culture also 

of incubation. The total acidity at the 
end of 10 hrs. was however, less than 
1.0% L.A. in this culture at both in- 

cubation temperatures in skim as well 
as whole milk, 

types of milk on rate of acid production by 

Time of incubation 
Str. lactistSir. dtacetylactis 

hours a 

Skim milk Whole milk 

23°C 30°C 25°C 30°C 

o 0.198 0.198 0.180 | 0.196 
1 0.207 0.225 "0.198 6) © + 750.225 
2 0.270 0.282 0.261 -* 0.270 
3 0.342 0.351 0.315 0.333 
4 0.387 0.432 0.369 0.420 
5 0.477 0.540 0.405 + ~ 0,522 
6 0.522 0,648 0.504 G 0.630 
7 0.576 0.702 0.519 Re 0.675 
8 0.630 0.747 0.603 0:723 
9 0.711 0.801 0.702 0.774 
10 0.774 0.747 - 0.801 (0:837 

The figures represent average of three trials, 

Among the combinations tested Str. 

lactis + Str, diacetylactis (Table-4 and 
figure-4) and Str. cremoris + Str. diacety- 

lactis (Table-5 and figure-5) showed a 
reduction in acid production than the 
individual cultures, However, the rate 

of acid production was almost _.cons- 

tantly increasing throughout the in- 

cubation period in both cultures. It 
fan also be seen from these) figures 

that Str, lactis + Str. diacetylactis combi- 

nation in both whole and skim milk, 
showed similar rate of acid ‘production. 
Str. cremoris +,Str. diacetilactis Showed 
higher acid production in skim milk 
than in whole milk, at the two tem- 
peratures. [The acidity obtained by 
Str. lactis +-)Str. diacetylactis after 10 hrs. 
was 0,77% L.A, and 0.84% L.A. in 
skim milk while in whole milk it is 

(0.75%, L.A. and 0.80% L.A, at 25° 
and 30° C, respectively.
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TABLE 5 

49 - 

Effect of incubation temperature and types of milk on rate of acid production by 
Str. cremaris-{-Str. diacetylactis, 

Time of incubation Str. cremaris+-Sir. diacetylactis 
hours 

Skim milk Whole milk 

25°C 30°C 25°C 30°C 

0 0.198 0.198 0.180 0.180 
1 0.216 0.270 0.216 0.270 
2 0.234 0.324 0.234 0.306 
3 0.342 0.351 0.324 0.342 
4 0.360 0.432 0,35] 0.420 
5 0.504 0.603 0.432 0.549 
6 0.549 0.675 0.474 0.576 
7 0.621 0.747 0.579., 0.672 

8 0.693 0.810 0.636 0.747 
9 0.720 0.864 0.693 0.792 

10 0.792 0.900 0.774 - 0.828 

The figures represent average of three trials. 

From the foregoing study it is evi- 
dent that the lactic streptococci strains 
tested in present study were slightly 
inhibitory to each other in regard to 
acid production. The other important 
observation made which indicates high- 
er acid production in skim milk than 
whole milk in most of the combina- 
tions and individual cultures, are con- 
tradicting the findings of Habaj ef al. 
(1974) who observed higher rate of 
acid production in whole milk than in 
skim milk with mixed strain lactic 
streptococci. This inhibitory effect ob- 
served may be because of apparent 
difference in the total solids content’ or 
probably due to the lower chain vola- 
tile fatty acids liberated by these cultures 
during their growth in whole milk., 
Lawrence ef al. (1976) have in their 
review in cheese starters have indicated 
that C,-C,, fatty acids and oleic acid 

showed inhibitory effect on starter bac- 
teria. Present observation on slightly 
reduced rate of acid production after 
few hours of incubation observed with 
cultures grown in whole milk suggest 

_that possibly it may be due to the 
release. of some of the Jower chain | 
fatty acids after few hours of incuba- 
tion. However, this needs further con- 
firmation as Foster et al. (1958) and 
Hammer and Babel (1957) have indi-— 
cated that milk fat does not play: much 
role in acid production. Since ‘buffalo 
whole milk contains higher- quantity of 
fat it will be interesting to study the 
cause for this inhibition observed in 
whole milk. 

The observations in regard to tem- 
perature of incubation used on acid 
production it was found that 30° C is 
better for acid production than 25°C 
in the three lactic streptococci or their
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combinations studied. Tiis 
confirms the 

observations of Golding et al (1951) 

Habaj et al (1979) with the lactic strep- 

tococci used by them. Dut
ta et al. (1972) 

found 30° G to giv
e higher acid produ

- 

ction than 999 Gin 
Sir. lactis and Str. 

diacetylactis but in Str. cremoris they 

showed slightly lower final 
acidity at 30° 

© than at 22° G. The highe
r acidity at 

30° GC observed in the present study is 

because 30 C* is optimum temp
erature 

for the growth of lactic streptococci. 

However, in present study observations 

were made only upto 
10 hrs. of incu- 

pation while Dutta et al, (1972 and 

1973) reported the values
 after 18 hours 

of incubation. Variations in incubation 

temperature for acid production has 

been reported by several wor
kers. (Babel, 

1946; Dahlberg and Ferris, 1945; 

Golding e¢ al. 1951; Harrison and 

Dearden, 1941 and Sharma & Jain, 

1974 and 1975). 

These observations suggest 
the need 

for selecting the incubation 
periods and 

temperatures and also combinations of 

starter cultures while manufacturing a 

fermented milk with higher
 per cent in- 

oculum (5% v/v) used in 
present study. 

The results in the present 
study suggest 

the need for confirming 
tke observations 

regarding the role played by milk fat 

for growth and acid production
 by starter 

cultures. 
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