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ACID-PRODUCING ACTIVITY OF LYOPHILIZED

LACTIC STREPTOCOCCAL CHEESE STARTER CONCENTRATES

INTRODUCTION

Frozen concentrates of lactic streptococcal starters are in general

use in the dairy fermentation industry to directly inoculate the bulk

starter. Some use of concentrates also is made for direct vat inoculation of

cheese milk (3). A number of workers have examined the possibility of

lyophilizing starter culture concentrates (1,2,3,11) in order to avoid

the expense of shipping bulky containers in the frozen state. Speckman

et al. (11) reported the preparation of milk-grown freeze-dried concentrates

of lactic streptococci which were as active on rehydration in lactose-

stimilac medium as conventional milk cultures. One lyophilized concentrate

of a strain starter culture also was found suitable for direct vat

inoculation of Cheddar cheese milk. However, no storage or stability

data were presented for this culture.

The present study is an extension of the work of Speckman et al. (11)

to further evaluate freeze-dried lactic starter concentrates for possible

industrial use. It was believed desirable to attempt to produce active

concentrates from cells which were grown in broth medium and which could

be rejuvinated in water after lyophilization. Also the reports of

Terzaghi and Sandine (12) and Vedamuthu (13) suggested to us that sodium

glycerolphosphate, being a good buffer as well as a derivative of glycerol,

should be evaluated as a cryoprotectant.



MATERIALS AND METHODS

Bacterial cultures. Cultures obtained from the New Zealand Dairy

Research Institute were Streptococcus lactis H1 and ML8 and Streptococcus

cremoris AM1, AM2, BK5, C13, E8, H2, SKI, TR and P2. Those obtained as

frozen concentrates of direct vat set Cheddar cheese starters were 1101,

1102, 1103, 1104, 1105, 1106 and 1108 from Microlife Technics, Sarasota,

Florida and LA2, M11, M13, MRD and VTS from Marschall Dairy Laboratory,

Madison, Wisconsin. These frozen cultures, of unknown strain composition,

were stored at -22 C (maximum of 2 weeks) until thawed and used to

inouclate fermentor medium. The single and mixed strain cultures were

selected because they have been widely used in New Zealand (paired single

strains) and the United States (mixed strains) in Cheddar cheese manufacture.

Growth media. Single strains of S. lactis and S. cremoris were grown

in sterile 11% nonfat milk (NFM) from a 1% inoculum at 22 C for 15 h.

Cultures were then reinoculated into fresh NFM and stored at 2 to 5 C until

they were repropagated (3 to 4 days). This avoided exposing the cultures

to acid endproducts during storage.

TYGL medium (8) was used to grow cells for concentration and

lyophilization; it contained 2% Tryptone, 1% yeast extract (Ardamine yes-

yeast products, Inc., Clifton, NJ), 2.5% glucose and 2.5% lactose. Cells

were grown in 700-ml capacity vessels held in a Fermentation Design

fermenter. The pH was maintained at 6.2-6.4 by automated addition of 20%

ammonium hydroxide and the temperature at 30 C. Growth was allowed to

continue for 14 to 17 h when the rate of acid production began, to

decrease as indicated by the pH strip recorder.
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Lyophilization. Six 100-m1 aliquots of fermenter cells were

centrifuged in a model RC2 Sorvall refrigerated centrifuge at 7900XgL for

20 min. The cell pastes were combined in a final volume of 60 ml of

lyophilization medium. Aliquots (2.0-m1) were then quick frozen by

pipeting into 5.0-m1 capacity Wheaton serum vials held in a dry ice-acetone

bath. Split center rubber tops were added and 20 vials were placed in a

stainless steel pan (14X15X10 cm) which then was mounted on a Refrigeration

for Science, Inc. (Island Park, NY) lyophilizer equipped with an automatic

stoppering device to allow sealing of the dry cell concentrates (DRICONS)

either under vacuum or under different flow-through gases used to break

the vacuum. A vacuum of 50 to 30 millitorrs was maintained throughout a

15 to 18-h drying period. After the vials with inserted tops were

removed, the sealing was reinforced by crimping aluminum caps over the tops.

Lyophilization media. Water, 11% NFM, NFM containing 15% sodium

glycerophosphate (Ruger Chemical Co., Inc., Irvington, NJ) or 10% maltose,

sucrose-peptone (10%-5%) and a glutamate, citrate, gelatin, sucrose (MCGS-

5% monosodium glutamate, 5% sodium citrate, 5% gelatin and 10% sucrose

(1)) solution were compared. The sodium glycerophosphate milk was prepared

by combining equal volumes of separately sterilized solutions of 30%

sodium glycerophosphate and 22% NFM after autoclaving (121 C, 15 min).

Storage and rehydration. DRICONS were stored as experimental lots at

room temperature (25-27 C) in brown glass bottles in an atmosphere of

either air or argon. Duplicate vial samples were removed at regular

intervals for up to 14 months to test for acid-producing ability and, in

some cases, surviving cells. When vacuum-sealed vials were opened,

attention was given to ensure there was an obvious implosion of air;

otherwise the vial was discarded (about two percent incidence).
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DRICONS were rehydrated by adding sterile distilled water to restore

the material to the original pre-lyophilization volume.

Survival and activity testing. Cells surviving lyophilization were

determined from the average of duplicate plate counts made on M17 agar

(12) from rehydrated samples diluted serially in 10% M17 broth. By

comparing with duplicate plate counts of cells harvested from the fermenter

vessel and dispersed in 60 ml of lyophilization medium, survival percentage

(%S) could be calculated based on colony-forming units (cfu):

%S
cfu/ml rehydrated cells X 100
cfu/ml fermenter cells

DRICONS were rehydrated by adding 2.0 ml of the desired rehydration medium,

to a final volume of about 2.1 ml. Aliquots (0.05 ml) added to 5.0 ml

of 10% M17 broth provided a 10
-2

dilution for further serial dilution.

Two additional aliquots (1.0 ml) were then available to inoculate 100-m1

quantities of steamed (180 C, 40 min) NFM tempered to either 22 C or 30

C. Acid-producing activity was then determined at hourly intervals for

6 h at 30 C and at 12, 15 and 18 h at 22 C. At these times, titratable

acidity (TA) values were determined which were expressed as average

percent lactic acid calculated from duplicate titrations made on a

Fisher model 36 automatic titrimeter to pH 8.3 with 0.1 N sodium hydroxide.



RESULTS

Activity of cultures as conventional milk cultures. The acid-producing

activity of the single and mixed strain starters at two temperatures appears

in Table 1. All cultures revealed sufficient acid-producing activity to

justify their use as Cheddar cheese starters.

Studies with single strains. Initial studies concerned preparation

of DRICONS of single strains using NFM as the lyophilization medium.

Table 2 records typical data for S. lactis H1 and S. cremoris BK5. The

H
1
strain yielded a DRICON preparation which, when tested the same day as

it was lyophilized, was slightly less active than the fermenter cells; the

BK
5
DRICON was considerably less active than fermenter cells. DRICONS of

the H
1
strain were prepared in several lyophilization media and stored at

25 C. Typical activity results from one experiment appear in Table 3.

While most single strains were not storage stable in any medium (data

not shown), H1 appeared stable for at least 30 days in milk containing

sodium glycerophosphate. When this medium was tested with all the

single strains, activity data (Table 4) showed that only 3 strains (E8,

H
1
and ML

8
) yielded active fresh DRICONS and that storage for 5 to 9

months even under vacuum conditions did not preserve their acid-producing

ability at 30 C. However, when the DRICONS were tested at 22 C after

storage for over ten months, all except two (AM1 and H2) were quite

active. Also, activity of these cultures at 30 C was restored after a

single incubation at 22 C.

Several experiments were run to evaluate the vacuum effect and to see

if certain gases could replace a vacuum and allow DRICON storage stability

of single strains. Table 5 presents typical data which suggested that vacuum
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storage was best. Another experiment to test the cryoprotective effect of

sodium glycerophosphate for a DRICON of S. lactis H1 yielded the data in

Table 6. The benefit of the added glycerophosphate is clear even when the

acid-producing ability was measured at the more stringent 30 C.

Studies with mixed strains. While the single strain data were being

collected, similar experiments with the mixed cultures also were conducted

and with more encouraging results. Table 7 shows that DRICONS of Mil and

1103 lyophilized in NFM were nearly as active as fermenter cells when tested

without storage. Storage data as well as the cryoprotective effect of

sodium glycerophosphate appear in Table 8. Data on the vacuum and gas

effect (Table 9) again indicated vacuum storage was best but nitrogen,

carbon dioxide and argon also were beneficial. These data suggested that it

would be beneficial to store the vacuum-sealed DRICONS in argon-filled

amber jars, which subsequently was the procedure followed. Experiments were

conducted to see if a benefit of using argon-filled containers could be

measured and results (Table 10) suggested that argon might protect DRICONS

for up to 30 days in those containers that lost vacuum.

Dricons of mixed strain starters lyophilized in glycerophosphate-

containing milk, vacuum-sealed and stored under argon at 25 C were storage-

stable (Table 11 and 12). Preparations were at least sufficiently active

to directly inoculate bulk starter milk.
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DISCUSSION

Variation between duplicate titratable activity samples were no

greater than 0.03 and between plate count samples no greater than 5%.

Variation between repeated experiments, however, especially with single

strains, were greater but the data obtained nonetheless allowed certain

conclusions to be drawn. For example comparison of Tables 2 and 3

indicate that the fresh DRICON of S. lactis H
1
lyophilized in NFM produced

0.65% lactic acid in one experiment and 0.75 in another. Results in

these tables along with results in Table 4 also point out the differences

between strains in lyophilization sensitivity, also noted by Speckman et

al. (11). Variations of this magnitude and greater are not surprising

and it is known that different lots of frozen concentrated starters

prepared commercially must be tested for activity to ensure that minimum

acid-producing standards are met. When batches fail to meet these

standards, they are discarded.

The cryoprotection and storage stability offered by addition of 15%

glycerophosphate to NFM prior to lyophilization is clear from the data in

Tables 3, 6, and 8. Even for a lyophilization-sensitive strain like BK5,

the results suggested that glycerophosphate contributed storage stability.

Other lyophilization media evaluated (Table 3) also were somewhat effective

but not, in repeated experiments, to the extent of glycerophosphate.

Data in Table 4 indicate that DRICONS stored at 25 C can repair

lyophilization-induced injury when rehydrated and incubated in milk at

22 C more readily than at 30 C; only 4 of the single strain DRICONS

revealed much activity at 30 C, but at 18 h at 22 C, all but 2 were

sufficiently active to be useful in bulk starter preparation even after

storage for about a year. This difference was not so dramatic with the
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mixed strain starters (Tables 11 and 12), suggesting that the strains

present in these were either more hardy or that there was a beneficial

interactive effect between strains in these mixtures. Enhanced repair of

lyophilization-induced injury at lower temperatures has also been noted

by others (7,9,10).

Experiments on the effect of vacuum and different gas environments on

storage stability of the DRICONS (Tables 5, 9 and 10) emphasize the

deliterious effect of air or oxygen on freeze-dried bacteria, also noted by

other workers (4,5,6). For the mixed strains culture M11, it was surprising

that the nitrogen gas appeared as effective as it did since the gas was not

treated to remove oxygen contamination. Cylinders of argon used in this

study contained less than 0.002% oxygen, according to the supplier

(Airco, Inc., Montvale, NJ).

The data reported here indicate that it is possible to prepare DRICONS

of mixed strain lactic streptococcal starter suitable for inoculation of

bulk starter milk after storage of the DRICONS at ambient temperatures

for several months. The economics of doing this on an industrial scale

requires further evaluation, however. At the 1% inoculation used in the

present study for testing the rehydrated DRICONS, about 40 liters would

be required to inoculate 1000 gallons of bulk starter milk. This could be

halved using a 0.5% inoculum but considerable freeze-drying production

capacity would still be required to supply the cheese industry. However,

the technology developed in the present study using sodium glycerophosphate

as a cryoprotectant and storage-stability compound may have application in

preserving other freeze-dried bacteria and biological materials on a

smaller scale.



9

REFERENCES

1. Bannikova, L., I. Pyatnitsyna and L. Kazantseua. 1964. Dried

cultures from bacterial concentrate. Mol. Prom. 25:39.

2. Bannikova, L., and I. V. Lagoda. 1970. Production of dried starter
cultures from bacterial concentrate. XVIII International Dairy

Congress IE: 277.

3. Chapman, Helen R. 1978. Direct vat inoculation of milk with freeze-
dried starters for making Cheddar cheese. J. Soc. Dairy Technol.

31:99.

4. Goldblith, S. A. 1975. Freeze drying and advanced food technology.

S. A. Goldblith (ed). Academic Press, Inc., New York.

5. Heckly, R. J., R. L. Dimmick, and J. J. Windle. 1963. Free radical

formation and survival of lyophilized microorganisms. J.

Bacteriol. 85:961.

6. Lion, M. B., and E. D. Bergonann. 1961. Substances which protect
lyophilized Escherichia coli against the lethal effect of oxygen.

J. Gen. Microbiol. 25:291.

7. Morichi, Toshiki, Ryozaburo Irie, Nobuhiro Yano, and H. Kembo. 1963.

Protective effect of glutamic acid and related compounds on
bacterial cells subjected to freeze-drying. J. Gen. and Appl.

Microbiol. 9:141.

8. Peebles, M. M., S. E. Gilliland and M. L. Speck. 1969. Preparation

of concentrated lactic streptococcus starters. Appl. Microbiol.

17:805.

9. Ray, B., J. J. Jezeski, and F. F. Busta. 1971. Effect of

rehydration on recovery repair, and growth of injured freeze-

dried Salmonella anatum. Appl. Microbiol. 22:184.

10. Speck, M. L., and Meyers, B. B. 1946. The viability of dried skim
milk cultures of Lactobacillus bulgaricus as affected by the
temperature of reconstitution. J. Bacteriol. 52:657.

11. Speckman, C. A.,
lactic acid
inoculation
Dairy Sci.

W. E. Sandine, and P. R. Elliker. 1974. Lyophilized
starter culture concentrates preparation and use in
of vat milk for Cheddar and cottage cheese. J.

57:165.

12. Terzaghi, B. E., and W. E. Sandine. 1975. Improved medium for

lactic streptococci and their bacteriophage. Appl. Microbiol.

29;807.

13. Vedamuthu, E. R. 1976. Stabilizing agents for frozen lactic acid

producing bacteria composition. 1976. U.S. Patent 3,975,545.



10

Table 1. Activity
a

of single and mixed strain starter cultures when
mature (18 h @ 22 C) nonfat milk cultures were inoculated
(1%) into steamed nonfat milk and incubated at either 30 C
for 6 h or 18 h at 22 C.

6 h @ 30C 18 h @ 22 C

Control 0.18 0.18

(Single Strains)

AM1
0.50 0.75

AM
2

0.58 0.74

BK
5

0.57 0.77

C
13

0.56 0.79

E
8

0.51 0.71

H
1

0.52 0.74

H
2

0.61 0.74

SKl 0.57 0.75

MI
8

0.69 0.73

TR 0.56 0.74

P
2

0.68 0.73

(Mixed Strains)

1101 0.65 0.62

1102 0.64 0.77

1103 0.60 0.77

1104 0.68 0.81

1105 0.54 0.78

1106 0.58 0.85

1108 0.62 0.75

LA2 0.61 0.72

Mll 0.64 0.71

M13 0.62 0.74

MRD 0.63 0.77

VTS 0.61 0.82

a
Percent titratable acidity.

b
Steamed uninoculated milk.
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Table 2. Activity of rehydrated vacuum-sealed Dricons of S. lactis

H
1

and S. cremoris BK
5
compared to fermenter cells (FC);

cells were lyophilized in 11% nonfat milk.

Hours

H
1

BK
5

FC DRICON FC DRICON

1 .20 .20 .19 .19

2 .27 .22 .23 .19

3 .35 .26 .29 .23

4 .55 .38 .38 .26

5 .67 .51 .50 .29

6 .71 .65 .60 .33

aPercent titratable acidity from a 1% inoculum in steamed NFM

incubated at 30 C.
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Table 3. Activitya of rehydrated vacuum-sealed Dricons of S. lactis H1
lyophilized in various media and measured after different
storage periods at 25 C in amber jars.

H
1

Days NFM13 GPNFM
c

SPd MNFM
e

MCGS
f

0 .75 .76 .78 .68 .60

15 .20 .70 .75 .62

30 .25 .70 .57 .59 .50

60 .25 .59 .53 .58 .22

90 .20 .40 .34 .27 .21

aPercent titratable acidity in 6 h at 30 C.

b11% nonfat milk.
c
Nonfat milk plus 15% sodium glycerophosphate.

d
Sucrose-peptone (10%-5%).

e
Nonfat milk plus 10% maltose.

(Monosodium glutamate-sodium citrate-gelatin-sucrose (2%-5%-10%-10%).
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Table 4. Activity of rehydrated vacuum-sealed single strain Dricons
lyophilized in 11% NFM containing 15% sodium glycerophosphate
as measured after different storage periods in amber glass jars.

6 h @ 30 C 18 h @ 22 C

Time stored Time stored
a

Strain (Months) TA (Months) TA
a

AM1 0 .21 14 .27

9 .18

AM
2

0 .28 13 .83

8 .18

C
13

0 .30 12.5 .82

8 .19

E
8

0 .62 12 .80

6 .35

H
1

0 .58 12.5 .80

8 .44

H
2

0 .31 11 .38

5 .19

ML
8

0 .58 12 .80

6 .44

P
2

0 .47 11.5 .80

6 .41

SK
1

0 .28 11 .76

6 .18

TR 0 .25 11 .83

6 .28

aPercent titratable acidity after 6 h at 30 C or 18 h @ 22 C.
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Table 5. Activity and cell survival of rehydrated Dricons of S. lactis
H
1

lyophilized in 11% NFM containing 15% sodium glycerophosphate
sealed and stored under different conditions.

Months of storage at 25 C

0 .5 1 2

Treatment TAa %S TA %S TAa %S TA %S

V
b

.68 100 .52 40 .20 <1 .18 <1

Vb-V .68 60 .50 60 .21 <1 .17 <1

Vb-air
d

.68 80 .25 1 .20 <1 .18 <1

Vb-N
2

e
.75 100 .23 1 .20 <1 .18 <1

Vb-CO
2

f
.65 50 .34 25 .55 <1 .19 <1

Vb-Argong .68 63 .25 1 .20 <1 .18 <1

a
Percent titratable acidity after 6 h at 30 C.

b
Vacuum sealed and stored in argon-filled amber bottle.

c
Vacuum on lyophilizer broken with air; then vials were re-vacuumized
and sealed under vacuum.

dVacuum sealed, then vials opened to allow enterance of air before
placing in amber bottle.

eVacuum on lyophilizer broken with nitrogen gas (not oxygen free);
vials sealed while nitrogen flushed through.

(Vacuum broken with carbon dioxide gas which flushed through

during sealing.

gVacuum broken with argon gas when flushed through during sealing.



Table 6. Effect of adding sodium glycerophosphate (15%) to 11% nonfat milk on the
activity and cell survival of rehydrated vacuum-sealed DRICONS of S. lactis Hi.

Lyophilization
medium

Months of storage at 25 Ca
0 .5 1 2 3

TA
b

%S TA %S TA %S TA %S TA %S

11% NFM .76 77 .20 <1 .25 2 .25 8.2 .20 <1

GPNFM
c

.75 71 .70 88 .70 62 .59 34 .40 30

a
Stored in argon-filled amber jars.

b
Percent titratable acidity after 6 h at 30 C.

c
Nonfat milk (11%) containing sodium glycerophosphate (15%).



16

Table 7. Activitya of rehydrated vacuum-sealed DRICONS of mixed
strain starter cultures Mll and 1103 compared to
fermenter cells (FC); cells were lyophilized in 11%
NFM.

Hours

Mil 1103

FC DRICON FC DRICON

1 .29 .23 .24 .26

2 .49 .31 .36 .31

3 .66 .49 .49 .40

4 .75 .69 .57 .50

5 .84 .79 .67 .60

6 .86 .83 .75 .74

a
Percent titratable acidity.



Table 8. Effect of adding sodium glycerophosphate (15%) to 11% nonfat milk on the
activity and cell survival of rehydrated vacuum-sealed DRICONS of mixed
strain starter culture M11.

Lyophilization
medium

Months of storage at 25 C
0 0.5 1 2 3

TAb TAb
b b b

T A TA TA TA%S %S %S %S %S

11% NFM .81 100 .80 100 .68 48 .72 75 .51 6

GPNFM
c

.85 100 .82 100 .77 97 .88 100 .75 100

a
Stored in argon-filled amber jars.

b
Percent titratable acidity after 6 h at 30 C.

c
Nonfat milk (11%) containing sodium glycerophosphate (15%).
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Table 9. Activity and cell survival of rehydrated DRICONS of mixed
strain starter culture Mll lyophilized in 11% nonfat milk

containing 15% sodium glycerophosphate, sealed and stored

under different conditions.

Treatment
a

Months of storage at 25 C

0 0.5 1 3

TA
b

%S
b

TAb %S TAb %S TAbTA %S

V .85 100 .82 100 .77 97 .88 100

Vb-air .84 23 .26 19 .23 7.5 .25 23

Vb-N
2

.82 90 .77 73 .78 61 .82 92

Vb-CO
2

.84 79 .81 77 .67 98 .77 71

Vb-Argon .85 83 .80 60 .73 56 .78 91

aFor explanation of treatments see Table 5 footnotes.

bPercent titratable acidity after 6 h at 30 C.
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Table 10. Activitya of rehydrated DRICONS of mixed strain starter
culture 1103 lyophilized in 11% nonfat milk containing
15% sodium glycerophosphate, and stored under different
conditions.

b

Months of storage at 25 C

Treatment 0 0.5 1 2 3

A
+
V .79 .61 .69 .32 .33

A
+
V
+

.79 .71 .74 .66 .73

A V .79 .60 .32 .32 .31

A V
+

.79 .68 .70 .68 .69

aPercent titratable acidity after 6 h at 30 C.

bA+V = Vacuum broken with argon flushing, sealed and stored
in argon-filled amber jar.

A
+
V
+

= Sealed under vacuum and stored in argon-filled amber

jars.

AV = Vacuum broken with air, sealed and stored in amber jars.

A V
+
= Sealed under vacuum and stored in amber jars.
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Table 11. Activitya of rehydrated vacuum-sealed DRICONS of mixed
strain starter culture 1103 lyophilized in 11% nonfat

milk containing 15% sodium glycerophosphate as measured

after different storage periods.

Months
b 6 h @ 30 C 18 h @ 22 C

0 .68 .98

0.5 .76 .96

1 .77 .92

2 .68 .86

3 .75 .93

aPercent titratable acidities after 6 h at 30 C or 18 h at 22 C.

b Stored in argon-filled amber jars.
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Table 12. Activity of rehydrated vacuum-sealed DRICONS of mixed strain
starters lyophilized 11% nonfat milk containing 15% sodium
glycerophosphate as measured after different periods of
storage at 25 C in argon-filled amber jars.

Culture

6 h @ 30 C
22 C

12 h 18 h

Months
stored

a
TA

Months
stored TA

Months
stored TA

1101 0 .79 8.5 .79 8.5 .86

4 .53

1102 0 .73 8.5 .62 8.5 .97

4 .35

1105 0 .85 8 .80 8 .98

3 .74

1106 0 .64 6 .77 6 1.03

3 .77

1108 0 .63 6 .77 6 1.02

3 .42

Mll 0 .79 7.5 .51 7.5 .91

2 .76

M13 0 .61 8 .54 8 .94

3 .52

MRD 0 .64 5 .78 5 .95

3 .80

LA2 0 .67 8 .80 8 .92

4 .48

VTS 0 .60 8 .78 8 .97

3 .52

aPercent titratable acidity in 6 h at 30 C or 12 or 18 h at 22 C.


