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DEVELOPMENT OF BACTERIOPHAGE INHIBITORY BULK STARTER MEDIUM FOR

THE CULTIVATION OF THERMOPHILIC LACTIC ACID BACTERIA

INTRODUCTION

What better use for microbes can mankind find than these:
Aid in pursuit of knowledge and the ripening of cheese?
And we acclaim the mighty germ so helpful and nutritious
And all agree that microbes on the menu are delicious.

Though being tasty is a plus, that's not the whole potential;
For germs bring other benefits that man may find essential.
So let's salute the friendly germ, unraveling his powers.
Hail to the mighty microbe! Here's to his health--and ours!

J.C.S.

For thousands of years, long before the roles of lactic acid

bacteria in fermentation were discovered, people used starter

cultures to manufacture cheese and other fermented milk products

such as yogurt and butter. Acidification of the milk using

starters is an essential primary step in cheese manufacture (3).

The first starter systems evolved around the turn of this

century when Conn in the United States, Storch in Denmark and

Weigman in Germany concluded that bacteria were responsible for

souring of milk and the desired fermentation in butter making

(4). Starters prepared daily were used to inoculate fresh cream

to achieve consistent quality product. Gradually these practices

were adopted for cheese making as well.
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Thermophilic lactic acid starter cultures used in the

manufacture of yogurt, Italian and Swiss type cheeses are

mixtures of Streptococcus thermophilus and one or more species of

Lactobacillus bulgaricus, L. helveticus and/or L. lactis. These

are referred to as rod-coccus cultures. Extensive utilization of

thermophilic lactic acid bacteria in recent years can be

attributed to the tremendous increase in consumer demand over the

last decade for yogurt and Italian type cheeses and consolidation

of small plants to form large manufacturing units (1,5).

The production and consumption of Italian cheese in the

United States has been increasing for the last 32 years. In 1984

the total Italian cheese production in this country was 1.30

billion pounds (2). Per capita consumption of Italian cheese was

4.5 pounds in 1981 compared to 2.34 pounds in 1971. During 1983

the production of yogurt, which is also manufactured using

thermophilic rod-coccus cultures, was 0.67 billion pounds. A

further surge in the production and consumption of both yogurt

and Italian cheeses is predicted (1,5). In the manufacture of

cheeses, generally 2-3% of bulk starter culture is used as

inoculum. At this rate of inoculation, the amount of bulk culture

required to manufacture these enormous quantities of cultured

dairy products emphasizes the role, a good bacteriophage

inhibitory bulk starter medium can play in their manufacture.

In this study, internally-pH-controlled media are compared

with commercial bulk starter media for the growth of commercial

thermophilic lactic acid bacteria; also the development of a
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bacteriophage inhibitory cheese wheybased bulk starter medium

for the propagation of thermophilic lactic acid cultures is

described. Benefits of late addition of magnesium hydroxide to

bulk starter media as a neutralizing agent and proteolytic

activities of single and mixed cultures of S. thermophilus and L.

bulgaricus in nonfat milk are also discussed.
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CHAPTER 1

EVALUATION OF ITALIAN BULK STARTER MEDIA

ABSTRACT

Newly-formulated, internally-pH-controlled, phosphated and

non-phosphated Italian bulk starter media were compared to three

commercial milk-based, whey-based and reconstituted nonfat dry

milk media for their ability to support growth and activities of

commercial frozen, thermophilic rod-coccus cultures. Cultures

grown in internally-pH-controlled phosphated medium demonstrated

superior acid-producing capabilities. Most of the commercial

cultures grown in non-phosphated internally-pH-controlled medium

supported good rod growth and resulted in good acid-producing

activity. However, no single medium supported the growth and

activity of all commercial cultures equally.
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INTRODUCTION

The use of starters in cheese manufacture is as old as

cheese making itself. Long before the role of lactic acid

bacteria was identified, cheese makers were using starters to

acidify milk, an essential primary step in cheese manufacture

(2).

In conventional cheese making, the starter culture goes

through various stages such as stock culture, mother culture,

intermediate culture and bulk culture before it is used in the

manufacture of final product. The stock and mother cultures are

normally prepared and maintained by well equipped laboratories

and commercial culture houses, and supplied to the cheese maker.

The intermediate and bulk cultures are produced in the starter

room of the dairy manufacturing plant. The bulk starters are used

at the rate of about 2-3% for cheese milk inoculation(8,15).

An active bulk starter culture must contain a maximum number

of viable cells, and must be free from contaminating

microorganisms and capable of rapid acid production upon addition

to the cheese milk. In the absence of control over the quality of

the milk supply, the cheese maker has to depend heavily on

cultures and coagulants to produce quality cheese. This

emphasizes the importance of starter cultures in cheese

manufacturing (2,3,5,15). The production of quality bulk culture

depends partly on the nature of bulk starter medium.
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Thermophilic lactic acid cultures used in Italian cheese

manufacturing include Lactobacillus bulgaricus and Streptococcus

thermophilus. These are generally referred to as rod-coccus

cultures. These cultures are also used in the manufacture of

Swiss type cheeses and yogurt.

In the United States the use of cheese whey and milk-grown

rod-coccus cultures for the manufacture of Italian cheeses is

still relatively common. These media, however, have some

disadvantages. For example, milk does not protect the cultures

from bacteriophage attack. Further, whey-based media make it more

difficult to control the rod-coccus balance (8,12,17).

During the 1970's the Italian cheese industry began using

phage inhibitory commercial media to prepare bulk starter

cultures. However, even today these bulk starter media for

propagating thermophilic lactic starter cultures to manufacture

Italian and Swiss type cheeses are not used as extensively as

they are for mesophilic starter cultures. Commercial media are

either milk-based or whey-based and are supplemented with dried

autolyzed yeast extract, lactose, sucrose, phosphates, citrate

and other growth stimulants. The commercial media enjoy some

advantages over milk or cheese whey-based media, especially with

respect to cost, phage protection and rod-coccus balance (8,16).

The production and consumption of Italian cheeses in the

United States has been increasing for the last 32 years. In 1983

the total Italian cheese production in the U.S. was 1.20 billion

pounds. Per capita consumption of Italian cheese was 4.5 pounds
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in 1981 compared to 2.34 pounds in 1971. During 1983 the

production of yogurt, which is also manufactured using

thermophilic rod-coccus cultures, was 0.67 billion pounds. A

further surge in production and consumption of both yogurt and

Italian cheeses is predicted (1,16). The amount of bulk culture

required to manufacture these enormous quantities of cultured

dairy products emphasizes the role a good bulk starter medium can

play in their manufacture.

In this study, internally-pH-controlled, phosphated and

non-phosphated thermophilic bulk starter media were formulated

and compared to nonfat dry milk and three commercial bulk starter

media. The media were evaluated for their ability to support the

growth of commercial rod-coccus cultures, to produce acid under

simulated cheese making conditions and to optimize rod-coccus

ratios.
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MATERIALS AND METHODS

Bacterial Cultures: The frozen commercial rod-coccus

cultures used in this experiment were obtained from two

commercial culture houses. The cultures designated CR were from

Marschall Products (Division of Miles Laboratories, Inc.,

Madison, WI.) and the R cultures were from Chr. Hansen's

Laboratories, Milwaukee, WI. The cultures were stored in

containers as received frozen at -40 C until used.

Media: Six different media were used. Media designated I

and II were developed in this laboratory. Medium I is an

internally-pH-controlled medium which is buffered by trimagnesium

phosphate formed in situ during reconstitution and incubation.

Medium II is a non-phosphated internally-pH-controlled medium

where calcium carbonate acts as buffering agent. The latter

medium was specially formulated to support the growth of

phosphate sensitive rod-coccus cultures (17). Media III, IV, and

V are commercial bulk starter media, whereas, Medium VI is 11%

nonfat dry milk. The solids contents of various media are given

in Table 1.1. The ingredients were added to cold tap water to

reconstitute the media.

Pasteurization: The media were prepared in one liter

reaction vessels (800 ml working volume) of a Pharmaceutical

dissolution apparatus (Hanson Research Corp., Northridge, CA.)

equipped with overhead variable speed agitator with teflon
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TABLE 1.1. Solids level, pH and titratable acidities of media used in
the evaluation of commercial thermophilic rod-coccus
cultures.

Medium
Grams per

800 ml water
Initial Initial Titratable

Acidity (% Lactic acid)

I 74.0

_PILI.

6.40 1.07

II 84.8 6.52 0.27

III 98.4 6.50 0.70

IV 96.4 6.40 0.36

V 98.4 6.12 0.80

VI 88.0 6.49 0.22
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coated paddles. Fermentation vessels were suspended in a

circulating water bath fitted with two circulating bath heaters

(Precision Scientific Co.). The media were pasteurized at 85-88 C

for 45 min, cooled and maintained at 42+1 C. Media were

constantly agitated while heating and cooling (9,17). Before

inoculation, samples were drawn from the pasteurized media to

estimate pH and titratable acidity (Table 1.1).

Incubation: Commercial frozen cultures were removed from

-40 C freezer and thawed at room temperature in a beaker of

chlorine water. The culture was thoroughly mixed by vigorous

shaking. The medium in each reaction vessel was inoculated with

either 0.1 ml of Hansen's (R series) or 0.18 ml of Marschall's

(CR series) cultures. Five minutes after inoculation the

agitation was discontinued for media III, IV, V, and VI. The

incubation was at 42+1 C.

Analyses: Five to six hours after inoculation, media III-VI

were agitated for 2 min and samples were taken from all six

vessels to measure pH. After this initial sampling, decline in pH

was monitored by sampling every 30-60 min. Once the cultures

reached the recommended 'break' pH, larger samples were removed

to estimate titratable acidity, plate counts and thermophilic

activities.

pH Measurement: The pH was measured using a Corning 125 pH

meter fitted with glass combination electrode and temperature

compensator.
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Titratable Acidity: Nine gram samples were titrated against

0.1N NaOH in the presence of phenolphthalein as indicator to

faint pink end point. The titratable acidity of the medium before

inoculation was subtracted from the final titratable acidity and

reported as developed acidity. The acidity values are expressed

as percent lactic acid.

Thermophilic Activity: Acid-producing capability of ripened

rod-coccus cultures grown in various media was determined by the

controlled temperature profile (CTP) activity test (Fig. 1.1).

Ten milliliters of pasteurized (62.8 C for 30 min), reconstituted

nonfat dry milk (11% solids) were inoculated with 1% and 2%

cultures in duplicate. The tubes were placed in a water bath (B.

Braun, Thermomix 1480) at 35 C along with an uninoculated control

for 60 min. Then the temperature was raised to 38 C for 20 min

and to 45 C for additional 10 min. After this increase,

temperature was brought down to 40 C through normal cooling and

held at this temperature for additional 150 min to simulate

cheese making temperatures (18). At the end of this temperature

treatment, pH of the tubes was recorded and the activity was

calculated as follows:

Thermophilic activity = (pH of control tube average pH of 1%

inoculum) + (pH of control tube average pH of 2% inoculum).

Bacterial Counts: One milliliter samples were mixed with

99.0 ml cold Peptone (Difco, 0.1% W/V) diluent and blended in a

Waring blendor for about 2 min to break up the streptococcal

chains. Blended samples were then serially diluted ten fold and
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spread plated on LB agar. The composition of the medium was: 1.0%

Tryptone, 0.5% yeast extract, 2.0% glucose, 0.2% K2HPO4, 1.0%

beef extract, 4.0% filtered tomato juice, 0.1% Tween 80 and 2%

agar in distilled water (W/W). The pH was adjusted to 6.8 and

then 8% (V/V) acetate buffer was added and autoclaved at 121 C

for 15 min. The buffer contained 113.5 g sodium acetate and 9.90

g acetic acid per liter(7).

Plates were incubated for 48 h at 37 C in anaerobic GasPak

jars (BBL Microbiology Systems, Becton Dickinson and Co.,

Cockeyesville, MD.) in a hydrogen plus carbon dioxide

environment. The streptococcal and lactobacilli colonies were

differentiated based on their morphology (11,17).
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RESULTS

Commercial thermophilic lactic acid cultures were plated on

LB agar to determine the viable bacterial population. The results

are presented in Table 1.2. Seven of the commercial cultures were

dominated by S. thermophilus (coccus). Only two of the commercial

cultures tested, CR12 and CR15 had more rods (L. bulgaricus) than

cocci. Total viable bacterial counts from CR7 were lowest among

the cultures tested.

Growth and acid producing capability of nine different

commercial rod-coccus cultures in Medium I are presented in Table

1.3. This medium was developed in this laboratory. It

incorporates the principle of internal-pH-control, sucessfully

utilized in the development of bulk starter medium for the

propagation of mesophilic lactic acid bacteria (13). Trimagnesium

phosphates formed in situ by the interaction between ammonium

phosphates and magnesium hydroxide are responsible for the

buffering action in this medium. The growth of Marschall's (CR

series) cultures in this medium was better than the R series.

Incubation period to reach a pH of about 4.8 ranged from 6.0 h in

case of R39 to 9.0 h for Rl. Marschall's culture CR5 was more

active (thermophilic activity of 4.01) than any other culture

raised in this medium. The bacterial population was dominated by

cocci. Only CR12 and CR14 cultures showed appreciable rod

growth.
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TABLE 1.2. Viable bacterial counts from commercial rod-coccus
cultures.

Culture
Colony Forming Units per ml Percent
Rods (X108) Cocci (X109) Rods Cocci

RI 4.90 2.40 17.0 83.0

R2 5.10 2.90 15.0 85.0

R39 8.20 2.30 26.3 73.7

CR5 1.20 0.33 26.7 73.3

CR7 0.72 0.29 19.9 80.1

CR12 6.00 0.12 83.3 16.7

CR14 4.70 1.00 32.0 68.0

CR15 5.40 0.42 56.2 43.8

CR21 2.10 0.32 39.6 60.4



TABLE 1.3. Growth and activities of various commercial thermophilic rod-coccus cultures in Medium I.

Culture
Hours of
Incubation pH

Developed
Acidity

Thermophilic
Activity

Colony Forming Units/ml
PercentRods

(X107)
Cocci
(X108) Rods Cocci

R1 9.0 4.88 1.63 2.36 0.5 10.0 0.5 99.5

R2 8.5 4.81 1.63 2.37 0.8 24.0 0.3 99.7

R39 6.0 4.87 1.63 3.39 2.4 22.0 1.1 98.9

CR5 7.5 4.86 1.55 4.01 9.0 16.0 5.3 94.7

CR7 8.0 4.73 1.65 3.30 4.0 24.0 1.6 98.4

CR12 7.0 4.80 1.73 3.79 23.0 16.0 12.6 87.4

CR14 7.0 4.72 1.67 3.69 37.0 15.0 19.8 80.2

CR15 6.5 4.89 1.63 3.42 11.0 27.0 3.9 96.1

CR21 7.0 4.90 1.69 3.40 1.6 28.0 0.6 99.4

Developed Acidity (% lactic acid) = Final Titratable Acidity Initial Titratable Acidity.

Thermophilic Activity = (pH of control tube Avg. pH of 1% inoculum) +

(pH of control tube Avg. pH of 2% inoculum).

CO
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Another internally-pH-controlled medium (Medium II)

developed in this laboratory to cultivate phosphate sensitive

thermophilic lactic acid bacteria utilizes calcium carbonate to

neutralize the acid developed during the growth of rod-coccus

cultures (17). The growth and activities of different commercial

cultures incubated in this medium were evaluated and the results

are presented in Table 1.4. The R series cultures, which are

known to be phosphate sensitive, performed better in this medium

than in Medium I. The cultures reached the recommended 'break' pH

of 4.6-4.8 within five to six hours after inoculation. Even in

this medium culture CR5 had higher thermophilic activity than

other cultures. Five of the cultures showed good rod growth.

Medium III is a commercial nonfat milk-based thermophilic

bulk starter medium. The results of growth of various commercial

cultures in this medium are presented in Table 1.5. The

incubation period to attain a final pH of 4.3 ranged from 6.0 h

to 9.0 h. In general R series cultures grew very poorly in this

medium. Maximum thermophilic activity of 3.49 was obtained from

culture CR5. Incubation of CR series of cultures in this medium

resulted in good rod-coccus growth.

Table 1.6 shows the growth and acid producing capabilities

of various commercial rod-coccus cultures in Medium IV, a

commercial whey-based bulk starter medium. The incubation period

in this medium is shorter than in Medium III, also the final pH

recommended to terminate the incubation is slightly higher.

Within 6.0 h after inoculation, the cultures reached the



TABLE 1.4. Growth and activities of various commercial thermophilic rod-coccus cultures in Medium II.

Culture
Hours of
Incubation pH

Developed
Acidity

Thermophilic
Activity

Colony Forming Units/ml
PercentRods

(X107)
Cocci
(X108) Rods Cocci

R1 6.00 4.64 0.45 2.82 16.0 3.1 34.0 66.0

R2 6.00 4.77 0.41 2.59 1.9 6.4 3.0 97.0

R39 6.00 4.76 0.35 2.22 2.2 9.2 2.3 97.7

CR5 5.50 4.82 0.37 3.60 11.0 2.0 35.5 64.5

CR7 5.50 4.79 0.43 3.01 4.8 6.1 7.3 92.7

CR12 5.00 4.87 0.37 3.35 33.0 4.0 45.2 54.8

CR14 5.00 4.86 0.43 2.62 25.0 6.3 28.4 71.6

CR15 5.50 4.76 0.41 3.04 36.0 7.8 31.6 68.4

CR21 5.25 4.81 0.39 3.17 5.7 6.8 7.7 92.3

Developed Acidity (% lactic acid) = Final Titratable Acidity Initial Titratable Acidity.

Thermophilic Activity = (pH of control tube Avg. pH of 1% inoculum) +

(pH of control tube Avg. pH of 2% inoculum).



TABLE 1.5. Growth and activities of various commercial thermophilic rod-coccus cultures in Medium III.

Culture
Hours of
Incubation pH

Developed
Acidity

Thermophilic
Activity

Colony Forming Units/ml
PercentRods

(X107)
Cocci
(X108) Rods Cocci

R1 9.0 6.28 0.18 1.40 <104 0.079 <0.1 >99.9

R2 9.0 4.32 0.51 1.23 3.60 0.260 58.1 41.9

R39 6.0 5.90 0.36 0.90 0.01 1.000 0.1 99.9

CR5 7.5 4.14 0.64 3.49 12.00 6.400 15.8 84.2

CR7 8.0 4.29 0.80 3.03 18.00 3.100 36.7 63.3

CR12 7.0 4.32 0.68 2.86 38.00 5.500 40.9 59.1

CR14 7.0 4.25 0.78 2.88 37.00 9.600 27.8 72.2

CR15 6.5 4.35 0.80 2.84 34.00 5.000 40.5 59.5

CR21 7.0 4.39 0.80 2.94 20.00 9.800 16.9 83.1

Developed Acidity (% lactic acid) = Final Titratable Acidity Initial Titratable Acidity.

Thermophilic Activity = (pH of control tube Avg. pH of 1% inoculum) +

(pH of control tube Avg. pH of 2% inoculum).



TABLE 1.6. Growth and activities of various commercial thermophilic rod-coccus cultures in Medium IV.

Culture
Hours of
Incubation pH

Developed
Acidity

Thermophilic
Activity

Colony Forming Units/ml
PercentRods

(X107)
Cocci
(X108) Rods Cocci

R1 6.00 4.75 0.40 2.28 4.2 0.18 70.0 30.0

R2 6.00 4.69 0.50 2.09 5.9 7.80 7.0 93.0

R39 6.00 4.51 0.58 3.14 13.0 7.30 15.1 84.9

CR5 5.50 4.64 0.54 3.89 16.0 9.40 14.5 85.5

CR7 5.50 4.71 0.48 2.69 1.0 7.10 1.4 98.6

CR12 5.00 4.79 0.46 3.44 19.0 5.60 25.3 74.7

CR14 5.00 4.66 0.54 3.01 24.0 7.50 24.2 75.8

CR15 5.50 4.57 0.62 3.40 19.0 9.90 16.1 83.8

CR21 5.25 4.80 0.46 3.04 2.8 12.00 2.3 97.7

Developed Acidity (% lactic acid) = Final Titratable Acidity Initial Titratable Acidity.

Thermophilic Activity = (pH of control tube Avg. pH of 1% inoculum) +

(pH of control tube Avg. pH of 2% inoculum).
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recommended final pH. The cultures, both R series and CR series

grown in this medium, actively lowered the pH of pasteurized milk

as reflected in thermophilic activity values. In six of the nine

cultures evaluated, the rods made up a good proportion of the

total bacterial population. Culture R1 raised in this medium was

dominated by rods (70% of total population). Like in previous

cases, highest thermophilic activity was obtained from culture

CR5.

Growth and thermophilic activities of eight commercial

cultures cultivated in whey-based commercial bulk starter medium

(Medium V) are presented in Table 1.7. Like in other media, the

CR cultures out performed the R series cultures, especially with

respect to thermophilic activity. Incubation periods ranged from

5.5 to 7.0 hours. Only three cultures, namely, R2, CR7 and CR12,

showed reasonably good rod growth.

Eight commercial rod-coccus cultures were cultivated in

reconstituted nonfat dry milk (Medium VI). The cultures were

evaluated for their activity and viable bacterial count. The

results are presented in Table 1.8. The thermophilic activities

of cultures grown in this medium ranged from 1.99 for CR14 to

3.50 in case of CR5. Both, R series and CR series of cultures

grew very well in this medium. Except for two cultures, R2 and

CR21, incubation of commercial cultures in this nonfat milk

medium resulted in a good proportion of rods. Culture CR14 had a

higher proportion of rods than any other culture. However, the



TABLE 1.7. Growth and activities of various commercial thermophilic rod-coccus cultures in Medium V.

Culture
Hours of
Incubation pH

Developed
Acidity

Thermophilic
Activity

Colony Forming Units/ml
PercentRods

(X107)
Cocci
(X108) Rods Cocci

R1 7.0 4.88 0.36 1.87 0.3 0.61 4.7 95.3

R2 6.0 4.34 0.59 2.44 6.4 2.20 22.5 77.5

CR5 6.5 4.29 0.55 3.37 3.3 5.40 5.8 94.2

CR7 5.5 4.39 0.60 3.33 3.0 1.50 16.7 83.3

CR12 5.5 4.45 0.54 3.48 11.0 5.60 16.4 83.6

CR14 6.0 4.30 0.56 2.70 10.0 9.80 9.3 90.7

CR15 5.5 4.56 0.58 3.19 3.6 5.90 5.7 94.3

CR21 7.0 4.30 0.52 3.21 2.4 7.10 3.3 96.7

Developed Acidity (% lactic acid) = Final Titratable Acidity Initial Titratable Acidity.

Thermophilic Activity = (pH of control tube Avg. pH of 1% inoculum) +

(pH of control tube Avg. pH of 2% inoculum).



TABLE 1.8. Growth and activities of various commercial thermophilic rod-coccus cultures in Medium VI.

Culture
Hours of
Incubation pH

Developed
Acidity

Thermophilic
Activity

Colony Forming Units/ml
PercentRods

(X107)
Cocci
(X108) Rods Cocci

R1 7.0 4.28 0.72 2.81 33.0 12.0 21.6 78.4

R2 6.0 4.26 0.61 2.40 7.9 7.5 9.5 90.5

CR5 6.5 4.44 0.53 3.50 6.7 5.7 10.5 89.5

CR7 5.5 4.63 0.42 2.70 4.0 2.0 16.7 83.3

CR12 5.5 4.52 0.48 2.91 12.0 5.0 19.3 80.7

CR14 6.0 4.43 0.54 1.99 30.0 2.8 51.7 48.3

CR15 7.0 4.28 0.68 2.90 5.7 4.2 11.9 88.1

CR21 6.5 4.52 0.50 3.34 5.0 11.0 4.3 95.7

Developed Acidity (% lactic acid) = Final Titratable Acidity Initial Titratable Acidity.

Thermophilic Activity = (pH of control tube Avg. pH of 1% inoculum) +

(pH of control tube Avg. pH of 2% inoculum).
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highest number of rods (33.0X107) was obtained by cultivating

culture Rl.

Table 1.9 shows the percentage of rods present in various

media at the end of the incubation period. It can be seen that no

single medium encouraged uniform rod growth in all nine

commercial cultures. Most of the cultures raised in nonfat milk

(Medium VI) resulted in a higher proportion of rods than when

they were cultivated in other media. Culture CR21 was

consistently dominated by the cocci, even in milk medium.

Thermophilic activities of commercial rod coccus cultures

raised in various bulk starter media are presented in Table 1.10.

From the data it can be seen that all CR cultures when grown in

Medium I gave higher activity than when cultivated in any other

media. Two of the R series cultures, R1 and R2 incubated in

Medium II resulted in more active culture than when grown in the

other five media. Thermophilic activity of culture CR5 was

consistently high in all six media.



TABLE 1.9. Percentage of rods present in various media at the end of incubation period.

Culture
Percentage Rods

Medium I Medium II Medium III Medium IV Medium V Medium VI

R1 0.5 34.0 <0.1 70.0 4.7 21.6

R2 0.3 3.0 58.1 7.0 22.5 9.5

R39 1.1 2.3 0.1 15.1

CR5 5.3 35.5 15.8 14.5 5.8 10.5

CR7 1.6 7.3 36.7 1.4 16.7 16.7

CR12 12.6 45.2 40.9 25.3 16.4 19.3

CR14 19.8 28.4 27.8 24.2 9.3 51.7

CR15 3.9 31.6 40.5 16.1 5.7 11.9

CR21 0.6 7.7 16.9 2.3 3.3 4.3



TABLE 1.10. Thermophilic activities of commercial rod-coccus cultures in various bulk starter media.

Culture
Thermophilic Activity in

Medium I Medium II Medium III Medium IV Medium V Medium VI

R1 2.36 2.82 1.40 2.28 1.87 2.81

R2 2.37 2.59 1.23 2.09 2.44 2.40

R39 3.39 2.22 0.90 3.14

CR5 4.01 3.60 3.49 3.89 3.37 3.50

CR7 3.30 3.01 3.03 2.69 3.33 2.70

CR12 3.79 3.35 2.86 3.44 3.48 2.91

CR14 3.69 2.62 2.88 3.01 2.70 1.99

CR15 3.42 3.04 2.84 3.40 3.19 2.90

CR21 3.40 3.17 2.94 3.04 3.21 3.34
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DISCUSSION

Commercial frozen concentrated thermophilic cultures were

plated to ensure that reasonable numbers of both rod and coccus

bacteria were present. From the results (Table 1.2) it could be

seen that most commercial culture mixtures have more cocci than

rods. Only two cultures had more rods than cocci. Willrett et al.

(18) also made similar observations with respect to commercial

rod-coccus cultures. Whether or not these differences in

rod-coccus proportions between cultures are important in cheese

making is not clearly understood. It is likely that the medium

will influence how these cultures grow and determine the final

rod coccus balance in the cheese vat (4).

Commercial thermophilic cultures grown in phosphate

containing internally-pH-controlled medium (Medium I) are

dominated by cocci. Thermophilic activities of cultures grown in

this medium are high indicating that the cultures are free from

acid injury as a result of buffering action of the medium. The

poor growth of rods could be due to the presence of high amounts

of phosphates in the medium. The phosphates are known to inhibit

the growth of some Lactobacillus bulgaricus cultures (14,19).

Despite poor rod growth, there is an increase in acid production

(as measured by thermophilic activity) by these mixed cultures

which is probably due to the enhanced growth of streptococci

(10). Medium I has the highest amount of developed acidity than

any of the media evaluated. This correlates with the higher
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buffering capacity of the medium. Matalon (9) reports that the

buffering capacity of this medium is 2.5 times that of milk-based

commercial bulk starter medium (Medium III) and 3.7 times that of

reconstituted nonfat milk.

From results presented in Tables 1.3-1.8 it can be seen that

all commercial cultures generated more cocci in Medium I than in

any other medium. This may be attributed to the superior

buffering capacity of this medium.

The growth of rods in internally-pH-controlled, non-

phosphated medium (Medium II) was much better than in Medium I.

However, thermophilic activities were not as high (Table 1.4).

Increase in rod growth could be attributed to the absence of

inhibitory effects of phosphates. Even in the absence of

phosphates, four of the cultures did not produce enough rods. The

reason for this is not clear. In this non-phosphated medium,

calcium carbonate is used for neutralizing the lactic acid

produced during bacterial growth. As lactic acid is produced, the

carbonate is transformed to bicarbonate which is further

converted to carbonic acid. Carbonic acid decomposes

spontaneously generating carbon dioxide and water. Carbon dioxide

is known to stimulate the growth of L. bulgaricus (6). This could

be another reason for better rod growth in this medium.

The R series cultures which are known to be phosphate

sensitive (17) showed very poor growth in Medium III (Table 1.5).

This is a phosphated, milk-based commercial medium. Very poor

growth of rods from R1 and R39 cultures indicates that
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lactobacilli are more phosphate sensitive than thermophilic

streptococci. This observation is consistent with results

reported by other workers (14). The development of rods in case

of CR cultures is much better in this medium than in any other

medium. This is not altogether surprising because these cultures

are pretested in Medium III before they are released for bulk

starter preparation.

Media IV and V are whey-based commercial bulk starter media.

Similar to other media, the growth of commercial cultures in

these media also is varied, in that, neither of these media

supports the growth of both R series and CR series cultures

equally. Six of the cultures showed better rod growth in Medium

IV. Whereas, only three cultures had substantial rod growth in

Medium V. Although seventy percent of the final bacterial

population of culture R1 grown in Medium IV is rods, its total

population is less than that generated by other cultures in this

medium.

The total bacterial population from six of eight commercial

cultures grown in reconstituted nonfat dry milk (Medium VI)

contained a good proportion of rods. Culture CR14, despite having

good bacterial growth and an almost even number of rods and

cocci, yielded low thermophilic activity. This again

substantiates the fact, that in mixed cultures, stimulation of

acid production is due to enhanced growth of streptococci.

The growth of commercial rod coccus cultures shows great

diversity depending on the medium used. Some cultures are adapted
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to a given medium. Since the commercial culture houses which sell

cultures also sell media, it is safe to assume that these

cultures are pretested for growth and activity in a given

medium.

From Tables 1.9 and 1.10 it can be seen that there are very

few commercial cultures which produce a good proportion of rods,

and incorporate good acid producing capabilities irrespective of

the medium in which they are grown. In other words, amongst six

media evaluated, there is no single medium which supports both,

good rod growth and good activity of all nine cultures. However,

the results clearly show the superior activity generated by

cultures grown in internally-pH-controlled, phosphated medium

(Medium I). Furthermore, good rod growth and activity were

generated by most of the cultures grown in the non-phosphated,

internally-pH-controlled medium (Medium II) formulated in this

laboratory as compared to commercial bulk starter media

evaluated.
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CHAPTER 2

COMMERCIAL CHEESE MAKING WITH INTERNALLYpHCONTROLLED ITALIAN

BULK STARTER MEDIA

INTRODUCTION

From laboratory evaluation of bulk starter media (Refer to

Chapter 1) for thermophilic lactic acid bacteria, it was evident

that the acid-producing capabilities of commercial rod-coccus

(Lactobacillus bulgaricus Streptococcus thermophilus) cultures

grown in internally-pH-controlled phosphated and non-phosphated

media (Medium I and Medium II respectively) developed in this

laboratory were superior to those grown in other commercial

media. These two media, namely, Medium I and Medium II along with

Medium III, a commercial milk-based bulk starter medium were used

for preparing bulk starter culture in large scale to manufacture

Mozzarella cheese at Olympia Cheese Company, Olympia, Washington.

In this study, the performance of commercial rod-coccus cultures

in three different media and the suitability of internally-

pH-controlled media for the manufacture of Mozzarella cheese are

discussed.
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MATERIALS AND METHODS

Culture: In this study a commercial, frozen, thermophilic

rod-coccus culture CR12 (Marschall Products, Division of Miles

Laboratories, Inc. Madison, WI) was used.

Media: Three bulk starter media were used in this evaluation

program. About 500 pounds (230 Kg) each of the phosphated (Medium

I) and non-phosphated (Medium II) internally-pH-controlled media

were dry blended and supplied by Galloway West Company, Fond du

Lac, WI. Medium III was a commercial milk-based medium used

regularly in the cheese plant. Media I, II and III were prepared

in 100, 50 and 100 gallon (380, 190 and 380 liters) quantities

respectively. To prepare Medium I, 100 gallons (380 liters) of

water was added to 77 pounds (35 Kg) of dry mix with constant

agitation. Similarly, the other two media were prepared by adding

50 gallons (190 liters) of water to 44 pounds (20 Kg) of Medium

II and 100 gallons (380 liters) of water to 100 pounds (46 Kg) of

Medium III. The Media were pasteurized by heating to 190 F for 45

min, cooled and maintained at 110 F. Media were continuously

agitated during heating and cooling.

Inoculation: Commercial frozen culture CR12 was thawed in

chlorine water. Medium I and III were inoculated with about 125

ml (one can each) of culture, whereas, Medium II was inoculated

with about 60 ml (one-half can) of culture. Media I and II were

incubated with continuous agitation and medium III without

agitation.
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Analyses: Before inoculation samples were removed from all

three bulk tanks to record pH and titratable acidity. Starting 4

h after inoculation, pH and titratable acidities were recorded

every 30 min. When media had reached required pH, samples were

taken to determine viable rod-coccus counts and the media were

cooled.

Titratable Acidity: Nine gram samples were titrated against

0.1N NaOH in the presence of phenolphthalein as indicator to

faint pink end point. The acidity values are expressed as percent

lactic acid.

Thermophilic Activity: Acid producing capability of ripened

rod-coccus cultures grown in various media were determined by the

controlled temperature profile activity test. Ten milliliters of

raw milk, pasteurized cheese vat milk and pasteurized

reconstituted nonfat milk (11% solids) were inoculated with 1%

and 2% cultures in duplicate. The tubes were placed in a water

bath (B. Braun, Thermomix 1480) at 35 C along with an

uninoculated control for 60 min. Then the temperature was raised

to 38 C for 20 min and to 45 C for additional 10 min. After this

increase, temperature was brought down to 40 C through normal

cooling and held at this temperature for additional 150 min to

simulate cheese making temperatures (9). At the end of this

temperature treatment, pH's of the tubes were recorded and the

activity calculated as follows:

Thermophilic activity = (pH of control tube average pH of 1%

inoculum) + (pH of control tube - average pH of 2% inoculum).
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Bacterial Counts: To estimate viable rod-coccus counts in

ripened bulk starter medium, 1.0-ml samples were mixed with 99.0

ml of cold Peptone (Difco, 0.1% W/V) diluent and blended in a

Waring blendor for about 2 min to break up the streptococcal

chains (8). To estimate bacterial counts in cheese samples, 11.0

grams of sample were aseptically transferred to 99.0 ml of

aqueous 2% sodium citrate solution in a blendor jar and blended

for 2 min (5). Blended samples were then serially diluted ten

fold in peptone water and spread-plated on LB agar. The

composition of the medium was: 1.0% Tryptone, 0.5% yeast extract,

2.0% glucose, 0.2% K2HPO4, 1.0% beef extract, 4.0% filtered

tomato juice, 0.1% Tween 80 and 2% agar in distilled water (W/W).

The pH was adjusted to 6.8 and then 8% (V/V) acetate buffer was

added and the medium autoclaved at 121 C for 15 min. The buffer

contained 113.5 g sodium acetate and 9.90 g acetic acid per liter

(4).

Plates were incubated for 48 h at 37 C in anaerobic GasPak

jars (BBL Microbiology Systems, Becton Dickinson and Co.,

Cockeysville, MD) in a hydrogen plus carbon dioxide environment.

The streptococcal and lactobacilli colonies were differentiated

based on their morphology (6,8).
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RESULTS

Titratable acidity and pH recorded during the growth of

culture CR12 in three different media are illustrated in Table

2.1. In about 5.5 h the culture grown in Medium III had reached

pH 4.61 and was cooled. This pH was slightly higher than the

'break' pH recommended for this medium. Apparently the cheese

maker routinely cools the culture at this pH. The cultures grown

in Media I and II were ready for use after 7.0 and 6.0 hours of

incubation, respectively.

Samples from mature bulk culture, ready for cooling, were

tested for their acid-producing capabilities in raw milk,

pasteurized cheese vat milk and reconstituted nonfat milk. The

superior activity of cultures grown in internally-pH-controlled

media (Media I and II) is evident from the results presented in

Table 2.2.

When the bulk cultures were mature and ready for 'breaking'

and cooling, samples were drawn from each bulk tank, placed in a

water bath at 40 C and incubated at this temperature for

additional 15 hours. At the end of this incubation, activity of

the cultures in pasteurized cheese vat milk was measured. The

results are presented in Table 2.3. Comparing these activity

values with those from Table 2.2 we can see the decline in

activity of over-incubated cultures. However, their activities

were still better than those obtained from the growth in raw

milk.



TABLE 2.1. Titratable acidity and pH values of bulk starter culture prepared in three different media
using commercial culture CR12.

Hours of
Incubation

pH Titratable Acidity
Medium I Medium II Medium III Medium I Medium II Medium III

0.0 6.40 6.52 6.55 1.08 0.25 0.78

4.0 5.42 4.98 1.61 0.60

4.5 5.31 4.84 4.91 1.87 0.63 1.07

5.0 5.20 4.79 4.71 2.29 0.67 1.22

5.5 4.99 4.75 4.61 2.45 0.76 1.31

6.0 4.89 4.68 2.55 0.75

6.5 4.82 2.75

7.0 4.76 2.80
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TABLE 2.2. Thermophilic activity of culture CR12 grown in various
media at 110 F.

Thermophilic Activity in
Pasteurized Pasteurized

Medium Raw Milk Cheese Vat Milk Reconstituted nonfat Milk

Medium I 1.46 2.70 2.50

Medium II 1.45 2.87 2.96

Medium III 0.64 1.99 2.39

TABLE 2.3. Thermophilic activity of culture CR12 grown in various
media at 110 F and over incubated for 15 h at 40 C.

Medium Thermophilic Activity

Medium I 2.38

Medium II 2.56

Medium III 1.76
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Table 2.4 shows the viable rod-coccus counts of mature bulk

starter cultures obtained on LB agar plates. The ability of

non-phosphated, internally-pH-controlled medium (Medium II) to

support the growth of rods is clearly illustrated from these

results. Though the growth of rods in Media I and III is poor,

the higher number of cocci recorded in case of Medium I reduces

the proportion of rods in this bulk culture.

A similar type of field trial was conducted at Baker's

cheese plant (Baker, CA) but using only Medium I. Fresh cheese

samples obtained from this plant and a sample from the cheese

made using the culture grown in Medium II at Olympia cheese plant

were plated on LB agar to determine viable rod coccus

populations. The results are presented in Table 2.5.
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TABLE 2.4. Viable bacterial counts at break point
culture prepared using various media.

in bulk starter

Colony Forming Units per ml Percent
Medium Rods(X107) Cocci(X10 8

) Total(X108) Rods Cocci

Medium I 4.5 20.0 20.45 2.2 97.8

Medium II 80.0 2.5 10.50 76.2 23.8

Medium III 7.5 4.5 5.25 14.3 85.7

TABLE 2.5. Viable bacterial counts from cheese made from bulk starter
culture grown in Media I and II.

Cheese Sample
Colony Forming Units Per Gram
Rods (X107) Cocci (X10)

A 2.50 7.3

B 2.70 8.9

C 2.30 3.8

D 0.61 20.0

Sample A made from culture grown in Medium II

Samples B, C, and D were from culture grown in Medium I
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DISCUSSION

Thermophilic cultures were able to grow longer in

experimental media (Medium I and II) than in commercial medium

(Medium III). The benefits of longer incubation in

internally-pH-controlled media are reflected in their higher

total bacterial counts. Although Medium I has the highest

bacterial population, the proportion of rods in the final culture

is very low. This is probably due to the inhibition of

lactobacilli by phosphates (7,10). The proportion of rods in

Media I and III is well below that observed under laboratory

conditions. However, the proportion of rods in Medium II was more

than that obtained during laboratory evaluation (Chapter 1). The

differences between laboratory results and field testing results

are not uncommon (Dr. Sandine, Personal Communication).

The ability of thermophilic lactic acid bacteria to produce

lactic acid (as measured by thermophilic activity) in milk from

different sources indicates that raw milk is a poor medium for

the growth of lactic acid cultures. The inhibition of starter

organisms by raw milk is well documented (2,3). Raw milk is known

to contain compounds such as lactenins which are inhibitory to

starter organisms. The lactenins are destroyed by heating milk to

68-74 C (1). The improved activity of cultures in pasteurized

cheese vat milk and reconstituted nonfat milk is perhaps due to

the destruction of heat sensitive natural inhibitors or to heat

generated protein alterations.
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Fresh cheese samples used for estimating bacterial load show

balanced rod-coccus proportions. However, upon aging, this

balance as well as the total bacterial load is likely to change.

Cheese made from cultures grown in internally-pH- controlled

media was comparable to that made from the culture grown in

commercial medium. Lower solids used in Media I and II can

represent a significant savings for the cheese maker. The cheese

from these trials was of good textural and microbiological

quality and had excellent flavor.
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CHAPTER 3

BACTERIOPHAGES ACTIVE AGAINST THERMOPHILIC LACTIC ACID BACTERIA

ABSTRACT

Cheese wheys from six Italian cheese plants were tested for

the presence of bacteriophages active against ten Streptococcus

thermophilus and ten Lactobacillus bulgaricus cultures. Five whey

samples showed phage activity against S. thermophilus and one

sample against L. bulgaricus cultures. Bacteriophages showed

extensive cross reactivity.
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INTRODUCTION

Thermophilic lactic acid starter cultures are composed of

Streptococcus thermophilus and one or more species of

Lactobacillus bulgaricus, L. helveticus and/or L. lactis. These

cultures are extensively used in the manufacture of Yogurt,

Italian and Swiss type cheeses. Extensive utilization of

thermophilic lactic acid bacteria in recent years can be

attributed to the tremendous increase in consumer demand over the

last decade for yogurt and Italian type cheeses (4,32) and

consolidation of small plants to form large manufacturing units.

Fermentation industries, producing a variety of products, have

encountered the problem of bacteriophage infection (16). The

dairy industry is no exception. The first bacteriophage infection

of mesophilic dairy starter culture was reported by Whitehead and

Cox in 1935 (33). Since then bacteriophages attacking mesophilic

lactic acid bacteria have been thoroughly investigated. However,

the information about the bacteriophages that attack thermophilic

lactic acid bacteria is limited and the research work in this

area is still in its infancy (30).

Bacteriophages active against thermophilic lactic acid

bacteria, were first reported in 1952 by Pette and Kooy (18),

when they successfully isolated a phage active against S.

thermophilus from yogurt. Here in the United States Deane et al.

(8) in 1953 isolated S. thermophilus bacteriophages from Swiss

cheese whey. Since then, several workers have reported the
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isolation of S. thermophilus phages from yogurt, Swiss cheese and

Italian cheese wheys (6,11,12,20,22,23,26,27,28,29).

Three years after the isolation of phage active against S.

thermophilus, Kiuru and Tybeck (12) reported the isolation of

bacteriophage active against L. lactis and L. helveticus. There

are not many reports in the literature concerning L. bulgaricus

bacteriophages, in spite of the commercial importance of this

organism in the manufacture of Yogurt, Swiss and Italian type

cheeses. Review papers by Humphreys and Plunkett (10) and Moquot

and Hurel (15) mention Pette and Chevaliar as having isolated a

L. bulgaricus phage from yogurt. In 1974, Reddy and Reinbold

(20,21) reported the isolation of phages active against L.

bulgaricus from yogurt in the United States. Peake and Stanley

(17) isolated and partially characterized a L. bulgaricus phage

from a batch of commercial yogurt exhibiting a slow rate of acid

production.

Deane et al. (8) surveyed Swiss cheese factories located in

Ohio and two other states for the presence of S. thermophilus

phages. Eighty one Swiss cheese whey samples were examined by

screening against 4 strains of S. thermophilus. Only one sample

was found to contain a phage active against one of the S.

thermophilus strains. The survey concluded with the optimistic

note that bacteriophages in Swiss cheese plants are not a serious

problem.

In the early 1970's Reddy (20) surveyed 13 Swiss cheese

plants and 32 Italian cheese plants in the United States for the
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presence of bacteriophage active against thermophilic lactic acid

bacteria. He found S. thermophilus phage in 92% of Swiss cheese

plants and 65% of Italian cheese plants surveyed. These phages

were active against 14 of 24 indicator strains. In this survey,

bacteriophages active against L. bulgaricus were recovered from

45% of the Italian cheese plants and 15% of the Swiss cheese

plants. Six out of 18 lactobacilli cultures had phage. This

suggests that bacteriophages active against S. thermophilus are

more wide spread than those active against L. bulgaricus

(19,20).

The increase in bacteriophage activity in two decades

between the survey conducted by Deane et al. (8) and Reddy (20)

could be attributed to the increased use of thermophilic starter

cultures, or improved assay methods.

Russian workers, Koroleva et al. (13), reported the

isolation of 8 phages active against S. thermophilus from 15

samples of commercial starters and 18 samples of finished

product. Isolation of S. thermophilus phages from cheese starters

showing occasional failures in acid production were also reported

from Finland (25). Kunz et al. (14) reported the presence of

bacteriophages active against thermophilic lactic acid bacteria

in rennet whey, stir-out whey, as well as in 1 day and 150 day

old Emmental cheese samples.

Ingham and Ledford (11) screened 28 samples of Mozzarella

cheese wheys and wheys from yogurt against 12 strains of S.

thermophilus isolated from commercial yogurts and thermophilic
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lactic starter cultures. Four of these samples, 3 from mozzarella

cheese and one from yogurt showed bacteriophage active against S.

thermophilus.

In the present investigation six whey samples from Italian

cheese plants experiencing slow acid production were screened for

the presence of bacteriophages active against S. thermophilus and

L. bulgaricus cultures. Bacteriophages isolated from these whey

samples were tested for their specificty. Cheese whey samples

obtained from field trials of internally-pH-controlled,

phosphated Italian bulk starter medium developed in this

laboratory were also screened for bacteriophages.
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MATERIALS AND METHODS

Bacterial Cultures: The microorganisms used in this study

were from the culture collection of the Department of

Microbiology at Oregon State University. Cultures were grown and

maintained in sterile reconstituted nonfat dry milk (Galloway

West Co. Fond du Lac, WI.) containing 11% solids. The milk was

autoclaved for 12 min at 121 C. Thermophilic lactic acid bacteria

were grown at 37 C for 12-16 h and then 2-3% inoculum transferred

to fresh sterile reconstituted nonfat milk and stored at 4 C in

the unincubated state. This sequence was repeated once in two

weeks.

Bacteriophages: All S. thermophilus and L. bulgaricus

bacteriophages included in this study were isolated in our

laboratory from whey samples obtained from Italian cheese

plants.

Culture Media: Bacteriological media used in this

experiment were: Tryptic Soy Agar (Difco) enriched with 0.5%

yeast extract and 0.02% L-Cystine (20), MRS medium (9) and M17

medium described by Terzaghi and Sandine (31).

Preparation of Maleate buffer: Maleate buffer was prepared

by mixing 210 ml of 0.6M solution of acid sodium maleate (24 g of

NaOH plus 58.8 g of maleic anhydride in 1000 ml of distilled

water) and 170 ml of 0.6M NaOH (20).

Whey sample shipping procedure: To obtain whey samples from

cheese plants the procedure described by Reddy (20) was followed.



57

Four grams of CaCO3 and 7.6 ml of maleate buffer were added to a

sterile 100 ml dilution bottle. The cap was tightly closed and

fastened with adhesive tape to prevent leakage. The amount of

whey to be placed in the bottle was clearly marked on the bottle

with indelible ink. The marked bottles were packed and sent to

cheese plants by mail with the following instructions: 1. To the

bottle containing the white liquid (liquid maleate buffer and

calcium carbonate) add whey up to the indicated line (about 100

ml). 2. Mix the ingredients gently to incorporate the buffer. 3.

Add 2 ml of the mixed culture to the whey. This must be the same

culture that was used in making the cheese. 4. Close the cap

tightly and fasten it with adhesive tape to prevent leakage. 5.

Please indicate the source and culture identification on bottles.

Also note the type of cheese. 6. Order of preference of selection

of whey samples: A. Whey from abnormally slow vat taken late in

the make. B. Depending upon the variety of cheese being made,

please take whey sample late in the make procedure or

approximately 5 hours after dipping.

Preparation of whey filtrate: Cheese whey samples were

centrifuged at 8000 RPM in a refrigerated centrifuge (Beckman

Model J2-21) at 5 C for 30 min. The supernatant was successively

filtered through Whatman No. 42 and 0.45 Akm Millipore membrane

(Millipore Corporation, Bedford, MA) filters. This filtrate was

used to test for the presence of bacteriophages.

Spot test for the isolation of S. thermophilus

bacteriophage: To isolate bacteriophage active against S.
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thermophilus cultures the following procedure described by Reddy

(20) was used: To a wide mouth test tube containing 5.6 ml of

sterile CaC12-saline mixture (CaC12-saline mixture was prepared

by adding 100 ml of 1% CaC12.2H20 solution to 100 ml of normal

saline and autoclaved at 121 C for 20 min) , 0.4 ml of an active

S. thermophilus culture (grown in sterile reconstituted nonfat

milk for 12 h at 37 C) was added. To this, 3.0 ml of enriched

tryptic soy agar fortified with 5 g/1 each of glucose and lactose

(tempered at 65 C) were added and gently mixed. Three milliliters

of this mixture were delivered onto a prepoured tryptic soy agar

plate and allowed to dry for 2 h at room temperature. A drop of

filtered whey sample was spotted on solidified overlay. The

plates were incubated, right side up in anaerobic GasPak jars

(BBL Microbiology Systems, Becton Dickinson and Co.,

Cockeysville, MD) in a hydrogen plus carbon dioxide environment

at 37 C for 14 h. A clear area or plaque(s) at the site of spot

indicated the presence of phage.

Spot test for the isolation of L. bulgaricus bacteriophage:

To test the whey samples for the presence of bacteriophage active

against L. bulgaricus, the method illustrated by Reddy (20) was

followed. The procedure was as follows: To a wide mouth test tube

containing 6.0 ml of sterile CaC12-saline mixture (CaC12-saline

mixture was prepared by adding 100 ml of 1% CaC12.2H20 solution

to 100 ml of normal saline and autoclaved at 121 C for 20 min),

0.1 ml of active L. bulgaricus culture (grown in sterile

reconstituted nonfat milk for 12 h at 37 C) was added and
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followed by a drop of sterile Tween-80. The contents were mixed

thoroughly and 3.0 ml of enriched Tryptic Soy Agar (tempered at

65 C) were added and mixed gently. Two milliliters of this

mixture were delivered onto a prepoured tryptic soy agar plate,

evenly distributed, and allowed to dry for 2 h at room

temperature. A drop of filtered whey sample was spotted on

solidified overlay. The plates were incubated right side up in

anaerobic GasPak jars (BBL Microbiology Systems, Becton Dickinson

and Co., Cockeysville, MD) in a hydrogen plus carbon dioxide

environment at 37 C for 14 h. A clear area or plaque(s) at the

site of spot indicated the presence of phage.

Purification of bacteriophages: Various S. thermophilus

bacteriophages isolated from different whey samples were purified

by repeated plating and selecting the individual plaques in M17

agar medium using the double layer method described by Accolas

and Spillmann (1). The procedure was as follows: The medium for

the lower agar layer was prepared with 1.2% agar (W/V). Before

pouring, sterile 1M CaC12 2H20 solution (1% V/V) was added to the

medium and gently mixed. The upper soft agar layer contained 0.1

ml of a fresh culture of host strain (grown in M17 broth at 42 C

for 4-6 h), 0.1 ml of diluted phage suspension (diluted in

sterile 0.1% peptone water) and 0.1 ml of sterile CaC12.2H20

solution (0.2M). The contents were incubated at 37 C for 15 min

and then 2.5 ml of soft, molten M17 agar (0.6% agar) held at 50 C

was added and the contents were immediately poured into a

petridish containing a lower, solidified layer of M17 medium. The
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petridishes were allowed to dry at room temperature for 2 h and

then incubated right side up at 37 C for 15 h in anaerobic GasPak

jars under hydrogen plus carbon dioxide environment.

Bacteriophages active against L. bulgaricus were purified

essentially in the same manner except that MRS medium was used.

Also, instead of 0.1 ml of 0.2M CaC12.2H20 solution in upper soft

agar layer, 25,u1 of 1M CaC12.2H20 solution was used (2).

Phage propagation: Streptococcus thermophilus bacterio-

phages were propagated along with active host in M17 broth.

Bacterial culture grown overnight in sterile reconstituted nonfat

milk was inoculated into fresh M17 broth along with sterile 14

CaC12.2H20 solution (1% V/V). The contents were incubated at 37 C

for 10 h. The broth was centrifuged at 10,000 RPM for 15 min at 5

C, filtered through 0.45)um Millipore membrane and stored at 4 C.

Bacteriophages active against L. bulgaricus were propagated in

the same manner except that the medium used was MRS broth.

Strain specificities of bacteriophages: Purified bacterio-

phages were tested for specificity by spotting a drop of phage

suspension on different S. thermophilus and L. bulgaricus

cultures.
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RESULTS

In December of 1982, twenty three dilution bottles

containing maleate buffer and calcium carbonate were shipped

along with the instructions to Marschall Products (Division of

Miles Laboratories, Inc. Madison, WI) requesting them to

distribute these sampling bottles to their Italian cheese

customers. During the early part of 1983 a total of six samples

from Italian cheese plants experiencing slow acid production were

received. These whey samples were filtered and screened against

ten L. bulgaricus and ten S. thermophilus cultures. The results

are presented in Table 3.1. Two whey samples showed lysis against

8 out of 10 S. thermophilus cultures. Whereas, three samples

showed the activity against 5 S. thermophilus cultures. One whey

sample was free of any bacteriophages active against the

indicator strains used. Only one whey sample was positive for

phages active against L. bulgaricus.

The bacteriophages isolated from whey samples were purified

and the cross sensitivity of these phages was studied by spotting

each sample on all eight S. thermophilus and three L. bulgaricus

indicator strains. The results presented in Tables 3.2 and 3.3

show the extensive cross reactivity of phages of both these

organisms.

Figure 3.1 shows the plaques obtained for L. bulgaricus

phage y by plating on MRS medium by double layer method. Plaques



TABLE 3.1. Incidence of bacteriophages active against Streptococcus thermophilus
and Lactobacillus bulgaricus cultures in whey samples from some
Italian cheese plants.

Whey samples
Cultures 1 2 3 4 5 6

S. thermophilus

R1 + - +

R2 + - - +

CR5 + +

R39 + + + + +

404G + + + + +

CR7 + + + + +

CR14 + + + + +

CR15 + + + + +

ROP -

CH3

L. bulgaricus

Y + _

OLY + -

CR5 + -



TABLE 3.2. Strain specificities of phages active against Streptococcus
thermophilus hosts.

Bacteriophage

Host 404g cr15 cr14 cr7 r39 rl r2 cr5

404G + + + + + _

CR15 + + + + + - _

CR14 + + + + +

CR7 + + + + +

R39 + + + + + - -

R1 + + +

R2 + + +

CR5 + + +
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TABLE 3.3. Strain specificities of phages active against
Lactobacillus bulgaricus hosts.

Bacteriophages
Host oly cr5

Y + _

OLY + + +

CR5 + + +
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FIGURE 3.1. Plaques of Lactobacillus bulgaricus phage y on MRS

medium seeded with L. bulgaricus strain Y.
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obtained for S. thermophilus phage cr5 on M17 medium are shown in

Fig. 3.2.

During late 1983, internally-pH-controlled phosphated and

nonphosphated Italian bulk starter media developed in this

laboratory were used for field trials at Olympia Cheese Co.,

Olympia, Washington, and Hillside and Baker's cheese plants in

California. Fourteen whey samples from these field trials were

screened for the presence of bacteriophage by spotting each

sample against 16 S. thermophilus and 16 L. bulgaricus cultures.

Filtrates from bulk starter culture grown in phosphated,

internally-pH-controlled medium and a widely used commercial

milk-based medium at Baker cheese plant were also tested. The

filtrate from the

medium showed phage

Similarly, 10 out

activity against

culture grown in internally-pH-controlled

activity against 4 S. thermophilus cultures.

of 14 whey samples showed bacteriophage

S. thermophilus cultures (Table 3.4).

Bacteriophages active against as many as 11 S. thermophilus

cultures were observed. None of the samples tested showed any

activity against L. bulgaricus cultures.
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FIGURE 3.2. Plaques of Streptococcus thermophilus phage cr5 on M17

medium seeded with'S. thermophilus strain CR5.



TABLE 3.4. Incidence of bacteriophages in whey samples from the field trials.

Indicator
Culture Whey samples
filtrate

*
1 2 3 4 5 6 7 8 9 10 11

S. thermophilus

CR21 + + + + + + + +

CR12 + + + + + + + + +

404G + + + + + + + + + +

CR15 + + + + + + + + + +

CR14 + + + + + + + + + +

CR7 + + + + + + + + - +

CR5 + - - - _ + -

R2 + - - - - +

R1 + - - - - - + - _ _

R39 + + + + +

Y - - - - + + + + - - +

ST7 + -

* = Filtrate of culture grown in Medium I.

Filtrate of culture grown in Medium III showed no activitity.

Whey samples showed no activity against S. thermophilus strains A, CH3, ROP, and DAN.
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DISCUSSION

Italian cheese whey from five of the cheese plants showed

bacteriophage activity against S. thermophilus cultures. However,

only one whey sample was positive for phages capable of attacking

L. bulgaricus cultures. Reddy (20) observed S. thermophilus

phages in 65% (21 out of 32 cheese plants) of Italian cheese

plants and L. bulgaricus phages in 45% (15 out of 32) of cheese

plants. The incidence of S. thermophilus phage observed in our

survey shows that this bacteriophage is more prevalent in the

cheese industry than it has been believed. The increase in

bacteriophage activity in cheese factories could be attributed to

the increased use of thermophilic lactic acid bacteria over last

ten years to meet the growing demand for products such as yogurt

and Italian cheeses (4).

Koroleva et al. (13) reported the isolation of 8 phages

active against S. thermophilus from 15 samples of commercial

starters and 18 samples of finished product. Bacteriophages

active against S. thermophilus cultures were also isolated by

Ingham and Ledford (11) from Mozzarella cheese whey. These

results indicate that bacteriophage active against thermophilic

lactic acid bacteria are more prevalent than it has been

thought.

Cheese whey samples, both from cheese plants and from our

commercial field trials showed phage activity against several S.

thermophilus cultures. Reddy (20) obtained phages active against
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as many as six S. thermophilus starter cultures from whey

samples. Strain specificity studies show the dominance of

non-specific bacteriophages. Previous investigators (20, Zottola,

Personal communication) have also observed non-specific

bacteriophages for both S. thermophilus and L. bulgaricus

cultures.

Some of the cheese factories were using up to three

commercial rod-coccus cultures to prepare bulk starter and to set

the milk. The whey from these cheese plants is normal to show

phage activity against more than one S. thermophilus and L.

bulgaricus culture. However, the non-specificity of

bacteriophages observed in this experiment was demonstrated with

purified phage suspensions. This information has some practical

application in that, if culture rotation is to be followed to

overcome bacteriophage problems, a prior knowledge of phage

sensitivity patterns of various cultures would be desirable.

The filtrates obtained from bulk starter culture grown in

internally-pH-controlled, phosphated bulk starter medium showed

phage activity against four S. thermophilus cultures. This shows

that the medium is not phage inhibitory. This medium contains

phosphates which are known to inhibit phage proliferation by

chelating divalent cations such as calcium (5,7,24,34,35). The

failure of the internally-pH-controlled medium to inhibit phage

multiplication is probably due to the presence of divalent

cations other than calcium. The medium is buffered by magnesium

phosphate formed in situ during incubation. Perhaps, the
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magnesium released during this process substitutes for calcium.

In case of L. lactis, Mg 2+ at a concentration range of only 20 to

40 mM was found to promote the infectivity of phage LL-H

significantly (3).

The results of this investigation further confirm the

observation made by Reddy (20) that S. thermophilus phages are

widely distributed in Italian cheese plants and likely in yogurt

and Swiss cheese factories as well. Bacteriophages capable of

attacking L. bulgaricus either are less prevalent than those

capable of attacking S. thermophilus cultures or else we do not

detect those present as readily as those for S. thermophilus.
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CHAPTER 4

EVALUATION OF ITALIAN BULK STARTER MEDIA FOR INHIBITION OF

BACTERIOPHAGES ACTIVE AGAINST THERMOFHILIC LACTIC ACID BACTERIA

ABSTRACT

Six different bulk starter media for cultivating

thermophilic lactic acid bacteria were evaluated for

bacteriophage inhibition. The internally-pH-controlled media

developed in this laboratory, though superior in the absence of

bacteriophages, were not phage inhibitory. Nonfat milk and two of

the three commercial media also failed to protect rod-coccus

(Lactobacillus bulgaricus and Streptococcus thermophilus)

cultures from phage attack. Only one medium, a commercial

milk-based medium was phage inhibitory. However, in the presence

of 0.125% (W/V) of magnesium salts, such as trimagnesium

phosphate and magnesium hydroxide, this medium also was no longer

phage inhibitory.
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INTRODUCTION

The use of starters in cheese manufacture is as old as

cheese making itself. Long before the role of lactic acid

bacteria was identified, cheese makers were using starters to

acidify milk, an essential primary step in cheese manufature(4).

Thermophilic lactic acid cultures used in Italian cheese

manufacture include L. bulgaricus and S. thermophilus. These are

referred to as rod-coccus cultures. These cultures are also used

in the manufacture of Swiss type cheeses and yogurt.

In the United States, the use of cheese whey and milk-grown

rod-coccus cultures for the manufature of Italian cheeses is

still relatively common. These media, however, have some

disadvantages. For example, milk does not protect the cultures

from bacteriophage attack. Furthermore, whey based media make it

more difficult to control rod-coccus balance (8,11,14).

During the 1970's the Italian cheese industry began using

phage inhibitory commercial media to prepare bulk starter

cultures. However, still today these bulk starter media for

propagating thermophilic lactic starter cultures to manufacture

Italian and Swiss type cheeses are not used as extensively as

they are used for mesophilic starter cultures. Commercial media

are either milk-based or cheese whey-based and are supplemented

with dried autolyzed yeast extract, lactose, sucrose, phosphates,

citrate and other growth stimulants. The commercial media enjoy

some advantages over milk or cheese whey-based media, especially
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with respect to cost, phage protection and rod-coccus balance

(8,13).

In this study, internally-pH-controlled, phosphated and

non-phosphated thermophilic bulk starter media formulated in this

laboratory, as well as nonfat dry milk and three commercial bulk

starter media are compared for the inhibition of bacteriophages

active against S. thermophilus and L. bulgaricus cultures.
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MATERIALS AND METHODS

Bacterial Cultures: Lactobacillus bulgaricus CR5 and

Streptococcus thermophilus CR5 used in this study were from the

culture collection of the Department of Microbiology at Oregon

State University. Cultures were grown and maintained in sterile

reconstituted nonfat dry milk (Galloway West Co., Fond du Lac,

WI.) containing 11% solids. The milk was autoclaved for 12 min at

121 C. Thermophilic lactic acid bacteria were grown at 37 C for

12-16 h and then 2-3% inoculum transferred to fresh sterile

reconstituted nonfat milk and stored at 4 C in the unincubated

state. This sequence was repeated every two weeks.

Bacteriophages: Bacteriophages active against L. bulgaricus

CR5 and S. thermophilus CR5 were isolated in our laboratory from

whey samples obtained from Italian cheese plants.

Media: Six different media were used. Media designated I

and II were developed in this laboratory. Medium I is an

internally-pH-controlled medium which is buffered by trimagnesium

phosphate formed in situ during reconstitution. Medium II is a

non-phosphated internally-pH-controlled medium where calcium

carbonate acts as buffering agent. The latter medium was

specially formulated to support the growth of phosphate sensitive

rod-coccus cultures (14). Media III, IV, and V are commercial

bulk starter media, whereas Medium VI is nonfat dry milk. The

solids contents of various media are given in Table 4.1. The

ingredients were reconstituted in cold tap water.
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TABLE 4.1. Solids level, initial pH and titratable acidities of
media.

Medium
Grams per

800 ml water
Initial Initial Titratable

Acidity (% Lactic acid)

I 74.0 6.40 1.00

II 84.8 6.45 0.24

III 98.4 6.50 0.69

IV 96.4 6.32 0.38

V 98.4 6.19 0.80

VI 88.0 6.51 0.28



82

Pasteurization: The media were prepared in one liter

reaction vessels (800 ml working volume) of a pharmaceutical

dissolution apparatus (Hanson Research Corp., Northridge, CA.)

equipped with overhead variable speed agitation with teflon

coated paddles. Fermentation vessels were suspended in a

circulating water bath fitted with two circulating bath heaters

(Precision Scientific Co.). The media were pasteurized at 85-88 C

for 45 min, cooled and maintained at 42+1 C. Media were

constantly agitated while heating and cooling (9,14). Before

inoculation, samples were drawn from the pasteurized media to

estimate pH and titratable acidity (Table 4.1).

Ioculation: The pasteurized medium in each reaction vessel

was inoculated with 6.0 ml each of S. thermophilus CR5 and L.

bulgaricus CR5 grown in autoclaved nonfat milk (11% solids) at 37

C for 12 h. One set of media were also inoculated with

bacteriophages active against these two rod-coccus bacteria.

Fifteen minutes after inoculation the agitation was discontinued

for Media III, IV, V and VI. The incubation was at 42+1 C.

Analyses: Five to six hours after inoculation, Media III-VI

were agitated for 2 min and samples were taken from all six

vessels to measure pH. After this initial sampling, decline in pH

was monitored by sampling every 30-60 min. Once the control

cultures (media without added phage) reached the recommended

'break' pH, larger samples were removed to estimate titratable

acidity, plate counts, thermophilic activities and bacteriophage

titer.
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Titratable Acidity: Nine gram samples were titrated against

0.1N NaOH in the presence of phenolphthalein as indicator to

faint pink end point. The acidity values are expressed as percent

lactic acid.

Thermophilic Activity: Acid-producing capability of ripened

rod-coccus cultures grown in various media were determined by the

controlled temperature profile (CTP) activity test. Ten

milliliters of pasteurized (62.8 C for 30 min) reconstituted

nonfat dry milk (11% solids) were inoculated with 1% and 2%

cultures in duplicate. The tubes were placed in a water bath (B.

Braun, Thermomix 1480) at 35 C along with an uninoculated control

for 60 min. Then the temperature was raised to 38 C for 20 min

and to 45 C for additional 10 min. After this increase,

temperature was brought down to 40 C through normal cooling and

held at this temperature for additional 150 min to simulate

cheese making temperatures (15). At the end of this temperature

treatment, pH of the tubes was recorded and the activity was

calculated as follows:

Thermophilic activity = (pH of control tube - average pH of 1%

inoculum) + (pH of control tube - average pH of 2% inoculum).

Bacterial Counts: One milliliter samples were mixed with

99.0 ml cold Peptone (Difco, 0.1% W/V) diluent and blended in a

Waring blendor for 2 min to break up streptococcal chains.

Blended samples were then serially diluted ten fold and spread

plated on LB agar (7). The plates were incubated for 48 h at 37 C

in anaerobic GasPak jars (BBL Microbiology Systems, Becton
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Dickinson and Co., Cockeyesville, MD.) in a hydrogen plus carbon

dioxide environment. The streptococcal and lactobacilli colonies

were differentiated based on their morphology (10,14).

Enumeration of Bacteriophages: Fifteen minutes after

inoculation and at the end of incubation, 1.0-ml samples were

removed into 9.0 ml cold sterile peptone water (0.1% W/V) blanks,

centrifuged at 10,000 RPM in a refrigerated centrifuge (Beckman

Model J2-21) at 5 C for 15 min. the supernatant was filtered

through 0.45ium membrane (Gelman Sciences, Inc., Ann Arbor, MI).

This filtrate was used to test for the presence of

bacteriophages.

The bacteriophage plaques were enumerated by the double agar

layer method described by Accolas and Spillman (1,2). The

bacteriophages active against S. thermophilus CR5 were plated on

M17 agar and those active against lactobacilli on MRS medium. The

procedure was as follows: The medium for the bottom layer of agar

was prepared with 1.2% agar (W/V). Before pouring, sterile 1M

CaC12.2H20 solution (1% V/V) was added to the medium and gently

mixed. The top soft agar layer contained either 0.1 ml of fresh

S. thermophilus CR5 grown in M17 broth or 0.05 ml of L.

bulgaricus CR5 grown in MRS broth for 6 h at 42 C, 0.1 ml of

diluted filtrate (diluted in sterile peptone water) and 0.1 ml of

sterile 0.2M CaC12* 2R20 (for cocci) or 25 Asi of sterile 1.0M

CaC122H20 (for rods). The contents were incubated at 37 C for 15

min and then 2.5 ml of soft, molten agar media (0.6% agar) held

at 50 C was added, gently mixed and immediately poured into a
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petridish containing the bottom layer of solidified agar. The

petridishes were allowed to dry at room temperature for 2 h and

then incubated right side up at 37 C for 15 h in anaerobic GasPak

jars under hydrogen and carbon dioxide environment.
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RESULTS

The effect of the addition of bacteriophages active against

S. thermophilus CR5 and L. bulgaricus CR5 on growth and acid

production in different Italian bulk starter media is presented

in Table 4.2. Acid producing capacity (as measured by

thermophilic activity) of rod-coccus cultures in the presence of

bacteriophages is severly limited, particularly in five of the

six media. Only one of the three commercial media (Medium III)

had good phage inhibitory properties. Even though the presence of

bacteriophages did not affect the final pH of the commercial

media (Media III-V), the activities of cultures grown in these

media were greatly reduced. In the case of other three media,

there was a marked difference in pH values between test and

control samples. Furthermore, cultures raised in the presence of

bacteriophages in these media showed a reduction in the

rod-coccus populations.

The growth of rod-coccus cultures in internally-

pH-controlled phosphated medium (Medium I) was challenged with

bacteriophages active against either L. bulgaricus alone or S.

thermophilus alone or both and the results are presented in Table

4.3. The combined effect of rod-coccus phages was more damaging

for growth and activity of thermophilic cultures than the

presence of either one of them alone. In the absence of

bacteriophages, the cultures grown in this medium were extremely

active (thermophilic activity of 4.06). When the medium contained



TABLE 4.2. Effect of the addition of bacteriophages active against
growth and thermophilic activity of rod-coccus cultures
media.

L. bulgaricus and S. thermophilus on
grown in various Italian bulk starter

Medium

With bacteriophage Without bacteriophage

_pH TA Activity

Plate counts CFU/ml

_Ett
TA Activity

Plate counts CFU/ml
Rods

(X107)(X105) (

Roes
(X10/)

Cocci
(X108)

I 5.99 1.24 0.07 0.072 0.08 4.77 2.62 4.00 0.66 23.0

II 5.60 0.44 0.29 <1.000 0.29 4.70 0.68 3.29 0.61 5.6

III 4.25 1.41 2.23 240.000 65.00 4.27 1.39 2.52 2.30 2.9

IV 4.42 0.86 0.48 450.000 39.00 4.30 0.96 3.11 12.00 4.7

V 4.25 1.48 1.21 510.000 40.00 4.20 1.51 3.08 8.60 4.2

VI 5.80 0.40 0.17 <1.000 0.05 4.25 0.80 2.77 2.50 7.1

TA = Titratable Acidity as percent lactic acid.

Activity = Thermophilic Activity.



TABLE 4.3. Effect of the addition of bacteriophages on growth and thermophilic

activities of rod-coccus cultures grown in Medium I.

Titratable Thermophilic

Plate counts CFU/ml

Rods Cocci

Medium Acidity Activity (X106) (X10 9
)

No phage (Control) 4.77 2.62 4.06 6.6 2.3

Lactobacilli phage 5.02 2.44 0.68 1.9 1.7

Streptococcal Phage 5.39 2.24 1.45 9.2 1.6X106

Both Phages 5.99 1.24 0.07 7.2X103 8.0X105
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only S. thermophilus phages, there was almost a three log

reduction in coccus population whereas, in the presence of

bacteriophages active against L. bulgaricus there was little

change in rod population. However, when both phages were present

there was a larger decline in both rod and coccus numbers.

The growth and acid producing activities of rod-coccus

cultures grown in commercial bulk starter medium (Medium III) in

the presence of bacteriophages are presented in Table 4.4. From

the results it can be seen that this medium is phage inhibitory.

In the presence of bacteriophage active against L. bulgaricus,

the thermophilic activity of the culture was slightly higher than

the control and in the presence of both bacteriophages the

thermophilic activity was slightly lower.

Table 4.5 shows the plaque forming units of S. thermophilus

cr5 obtained in various Italian bulk starter media. All media,

except Medium III supported bacteriophage proliferation. This

indicates that none of these five media is phage inhibitory. In

Medium III there was an actual reduction in bacteriophage

particles. The titers of bacteriophages active against L.

bulgaricus CR5 are not reported due to lack of an adequate assay

technique.

Failure to obtain phage inhibition in the case of

internally-pH-controlled phosphated medium, despite the presence

of large amounts of phosphate, was attributed partly to the

presence of the divalent cation, magnesium (Mg2+). To study the

effect of magnesium on bacteriophage proliferation, small



TABLE 4.4. Effect of the additon of bacteriophages on growth and thermophilic
activities of rod-coccus cultures grown in Medium III.

Medium ELI

Titratable
Acidity

Thermophilic
Activity

Plate counts CFU/ml
Rods Cocci
(X107) (X108)

No Phage (Control) 4.27 1.39 2.52 2.30 2.9

Lactobacilli Phage 4.28 1.48 2.80 0.52 7.6

Streptococcal Phage 4.20 1.52 2.48 0.70 4.3

Both Phages 4.25 1.41 2.23 2.40 6.5
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TABLE 4.5. Titer of bacteriophage S. thermophilus cr5 produced in
various Italian bulk starter media.

Plaque Forming Units per ml
Initial At Break Point

Medium (X102) (X107)

I 4 4.70

II 2 140.00

III 3 <1X102

IV 2 6.70

V 2 0.56

VI 2 63.00
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quantities of magnesium in the form of trimagnesium phosphate and

magnesium hydroxide were added to the commercial phage inhibitory

medium (Medium III) and challenged with the bacteriophages active

against both rods and cocci. The results are presented in Table

4.6. Commercial phage inhibitory medium supplemented with as

little as 1.0 g (0.125% W/V) magnesium salts lost its phage

inhibitory property.



TABLE 4.6. Effect of Magnesium salts on phage proliferation in Medium III.

Treatment Amount (WV)
Initial At Break Point

PI TA pH TA Activity

Control 0.000 6.51 0.76 4.37 1.52 2.06

Trimagnesium phosphate 0.125 6.61 0.72 5.88 1.12 0.14

Trimagnesium phosphate 0.375 6.72 0.68 6.08 1.16 0.13

Magnesium hydroxide 0.125 7.10 0.48 5.85 1.08 0.20

TA = Titratable acidity as percent lactic acid.

Activity = Thermophilic Activity.
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DISCUSSION

The growth and acid producing capacities of rod-coccus

bacteria raised in five of the six different bulk starter media

were almost totally curtailed by bacteriophages active against L.

bulgaricus and S. thermophilus cultures. The phosphates are known

to inhibit phage proliferation by chelating divalent cations such

as calcium (5,6,12,14,16). However, despite large amounts of

phosphate, internally-pH-controlled bulk starter medium (Medium

I) was not phage inhibitory. The failure of this medium to

inhibit phage multiplication is probably due to the presence of

divalent cations other than calcium. This medium is buffered by

magnesium phosphate formed in situ during incubation. Perhaps,

the magnesium released during this process substitutes for

calcium. Small additions of magnesium to commercial phage

inhibitory bulk starter medium (Medium III) renders it

susceptible to phage. This shows that magnesium present in medium

I probably makes it susceptible to phage. The positive effects of

phosphates in overcoming bacteriophage growth are countered by

the presence of magnesium. In the case of L. lactis, Mg 2+ at a

concentration of 20 to 40 mM was shown to promote the infectivity

of phage LL-H to a significant degree (3).

Medium II, another internally-pH-controlled bulk starter

medium, contains calcium carbonate as neutralizing agent. Since

this medium has a large reserve of divalent cation and is devoid

of phosphates, phage proliferation in this medium is not
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unexpected. The nonfat milk (Medium. VI) also does not inhibit

bacteriophages in the absence of chelating agents such as

phosphates. The proliferation of bacteriophages in media I, II

and VI is reflected not only in decreased thermophilic activity

values but also in higher pH values at the end of incubation. In

the case of commercial bulk starter media (Media III, IV and V)

the pH values of the mature culture media in the presence, as

well as in the absence, of bacteriophages are almost the same.

However, the acid producing capacity (as measured by thermophilic

activity) of rod-coccus cultures raised in two of these media in

the presence of bacteriophages showed great reduction. This

probably is due to the carry-over effect and subsequent

temperature treatment of samples to determine the activity. Only

medium III showed substantial phage inhibition.

The internally-pH-controlled phosphated bulk starter medium

does not inhibit the proliferation of either lactobacilli or

streptococcal phages. The presence of both these bacteriophages

together seems to be more effective in reducing rod numbers than

when only L. bulgaricus phages are present. Streptococci grown in

this medium were found to be very susceptible for phage attack.

When the rod-coccus cultures grown in commercial phage

inhibitory medium (Medium III) were challenged with

bacteriophages the results were different. In the presence of L.

bulgaricus phages there was a slight increase in thermophilic

activity and coccus population. The higher thermophilic activity

is probably due to increased coccus numbers. In the presence of



96

bacteriophages active against both rods and cocci, there was a

slight reduction in thermophilic activity. This was the only

medium where coccus phages failed to multiply. The

internally-pH-controlled non phosphated medium (Medium II)

supported phage growth better than any other medium tested.

Results of these experiments show that there are not many

Italian bulk starter media which can protect rod-coccus cultures

from bacteriophages. Among six different media tested only one

showed phage inhibition. The internally-pH-controlled media

tested, though exceptionally good in the absence of

bacteriophages, were not phage inhibitory. This demonstrates the

need for an improved phage inhibitory bulk starter medium.
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CHAPTER 5

FORMULATION OF BACTERIOPHAGE INHIBITORY BULK STARTER MEDIA FOR

CULTIVATING THERMOPHILIC LACTIC ACID BACTERIA

ABSTRACT

Cheese whey and nonfat milk-based, low solids, bacteriophage

inhibitory bulk starter media were formulated for the cultivation

of mixed strains of Streptococcus thermophilus and Lactobacillus

bulgaricus cultures. The media inhibited the proliferation of

bacteriophage and supported the growth of lactobacilli better

than commercially available starter media. These new media were

successfuly used for growing several phosphate sensitive and

non-sensitive commercial rod-coccus cultures. Even at lower

solids levels, the buffer capacity of the new media were

comparable to commercial bulk starter media. Bacteriophage

inhibition, low solids and low phosphate concentrations were some

of the advantages of these new fumaric acid containing bulk

starter media.
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INTRODUCTION

For thousands of years, long before the role of lactic acid

bacteria in fermentation was described, people have used starter

cultures to manufacture cheese and other fermented milk products

such as yogurt and butter. Acidification of milk using starters

is an essential primary step in cheese manufacture (6).

The first starter system evolved around the turn of the

century when Conn in the United States, Storch in Denmark and

Weigmann in Germany concluded that bacteria were responsible for

souring of milk and the desired fermentation in buttermaking

(22). Starters prepared daily were used to inoculate fresh cream

to achieve a consistent quality product. Gradually these

practices were adopted for cheese making as well.

In conventional cheese making, the starter culture goes

through various preparative stages such as stock culture,

intermediate culture and bulk culture before it is used to

inoculate milk to manufacture final product. The stock and mother

cultures normally are prepared and maintained by well-equipped

laboratories or commercial culture houses and supplied to the

cheese maker. The intermediate and bulk cultures are produced in

the starter room of the dairy manufacturing plant. Bulk starters

are used at the rate of about 2-3% for cheese milk inoculation

(13,27).

An active bulk starter culture must contain a maximum number

of viable cells, be free from contaminating microorganisms and
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capable of rapid acid production upon addition to cheese milk. In

the absence of control over the quality of the milk supply, the

cheese maker has to depend heavily on cultures and coagulants to

produce quality cheese. This emphasizes the importance of starter

cultures in cheese manufacturing (6,7,9,27). The production of

quality bulk culture depends partly on the nature of the bulk

starter medium.

Thermophilic lactic acid cultures used in Italian cheese

manufacture include Lactobacillus bulgaricus and Streptococcus

thermophilus. These are referred to as rod-coccus cultures. These

cultures are also used in the manufacture of Swiss type cheeses

and yogurt.

In the United States the use of cheese whey and milk-grown

rod-coccus cultures for the manufacture of Italian cheeses is

still relatively common. These media however, have some

disadvantages. For example, milk does not protect the cultures

from bacteriophage attack. Furthermore, whey-based media make it

more difficult to control rod-coccus balance (13,20,21,33).

During the 1970's the Italian cheese industry began using

phage inhibitory commercial media to prepare bulk starter

cultures. However, still today these bulk starter media for

propagating thermophilic starter cultures to manufacture Italian

and Swiss type cheeses are not used as extensively as they are

for mesophilic starter cultures. Commercial media are either

milk-based or whey-based and are supplemented with autolyzed

yeast extract, lactose, sucrose, phosphates, citrate and other
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growth stimulants. The commercial media enjoy some advantages

over milk or whey media especially with respect to cost, phage

protection and rod-coccus balance (13,30).

Reddy and Richardson (19) developed an externally

neutralized whey-based phage inhibitory medium, similar to that

used for mesophilic lactic cultures for the separate propagation

of individual S. thermophilus and L. bulgaricus cultures.

However, the authors made no attempt to grow numerically balanced

cultures of rod-coccus combinations.

Willrett (33), applying the concept of internal-pH-control

developed two bulk starter media, one for the cultivation of

phosphate sensitive and another for the cultivation of phosphate

insensitive thermophilic lactic starter cultures. The

internally-pH-controlled media for the cultivation of mesophilic

lactic cultures have an aditional property of phage inhibition.

But internally-pH-controlled thermophilic starter media were not

phage inhibitory, perhaps due to the buffering agents used in

formulating these media and physiological nature of thermophilic

lactic acid bacteria. Furthermore, he found none of the four

commercial media evaluated to be totally phage inhibitory.

The production and consumption of Italian cheeses in the

United States has been increasing for the last 32 years. In 1984

total Italian cheese production in this country was 1.30 billion

pounds (5). Per capita consumption of Italian cheese was 4.5

pounds in 1981 compared to 2.34 pounds in 1971. During 1983 the

production of yogurt, which is also manufactured using
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thermophilic rod-coccus cultures, was 0.67 billion pounds. A

further surge in production and consumption of both yogurt and

Italian cheeses is predicted (4,30). The amount of bulk culture

required to manufacture these enormous quantities of cultured

dairy products emphasizes the role a good bulk starter medium can

play in their manufacture.

In this study, development of a bacteriophage inhibitory

cheese whey-based bulk starter medium for the propagation of

thermophilic rod-coccus cultures is chronicled. Using the same

principles of phage inhibition, a milk-based medium also is

described.
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MATERIALS AND METHODS

Bacterial Cultures: The frozen commercial rod-coccus

cultures used in this study were from two commercial culture

houses. The cultures designated CR were from Marschall Products

(Division of Miles Laboratories, Inc., Madison, WI.) and the R

cultures were from Chr. Hansen's Laboratories, Milwaukee, WI. The

cultures were stored in containers as received frozen at -40 C

until used.

Individual L. bulgaricus and S. thermophilus Cultures were

from the culture collection of the Department of Microbiology at

Oregon State University. Cultures were grown and maintained in

sterile reconstituted nonfat dry milk (Galloway West Co., Fond du

Lac, WI.) containing 11% solids. The milk was autoclaved for 12

min at 121 C. Thermophilic lactic acid bacteria were grown at 37

C for 12-16 h and then 2-3% inoculum transferred to fresh sterile

reconstituted nonfat milk and stored at 4 C in the unincubated

state. This sequence was repeated every two weeks (33).

Bacteriophages: Bacteriophages for L. bulgaricus and S.

thermophilus were isolated in our laboratory from whey samples

obtained from Italian cheese plants. Bacteriophages active

against S. thermophilus were maintained in M17 broth (28) and

those active against L. bulgaricus in lactobacilli MRS broth

(Difco).

Media: The compositions of various media used in this study

are listed in Table 5.1.
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TABLE 5.1. Composition of the media.

Medium Composition % W/V

1 Internally-pH-Controlled phosphated medium 9.250

2 Internally-pH-Controlled nonphosphated medium 10.600

3 Commercial phage inhibitory medium 12.300

4 Commercial medium 12.050

5 Commercial medium 12.300

6 Commercial medium 13.400

7 Commercial medium 13.400

8 Nonfat dry milk 11.000

9 Medium 3 Plus
Sodium tripolyphosphate 0.375

10 Nonfat dry milk 0.545
Cheese whey 5.690
Yeast extract 0.450
Ammonium phosphate dibasic 0.560

11 Medium 10 Plus
Ammonium phosphate monobasic
Sodium tripolyphosphate

12 Medium 10 Plus
Ammonium phosphate monobasic
Sodium tripolyphosphate
Magnesium hydroxide

13 Medium 11 Plus
Sucrose

0.770
0.875

1.270
0.375
0.125

0.925

14 Medium 12 Plus
Sucrose 0.925
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TABLE 5.1. Continued.

Medium Composition % W/V

15 Medium 11 Plus
Calcium caseinate 0.925

16 Nonfat dry milk 0.545
Cheese whey 5.690
Yeast extract 0.450
Ammonium phosphate dibasic 1.250
Ammonium phosphate monobasic 0.250

17 Medium 16 Plus
Calcium caseinate 0.925

18 Medium 16 Plus
Anhydrous dextrose 0.925

19 Medium 16 Plus
Zinc oxide 0.125

20 Medium 16 Plus
Zinc oxide 0.250

21 Medium 16 Plus
Zinc oxide 0.375

22 Medium 16 Plus
Zinc oxide 0.500

23 Medium 16 Plus
Zinc oxide 0.625

24 Medium 16 Plus
Maltrin 0.375

25 Medium 16 Plus
Maltrin 0.625

26 Medium 24 Plus
Sodium formate 0.375

27 Medium 25 Plus
Sodium formate 0.625

28 Medium 25 Plus
Sodium acetate trihydrate 0.125
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TABLE 5.1. Continued.

Medium Composition % W/V

29 Medium 25 Plus
Sodium acetate trihydrate 0.250

30 Medium 24 Plus
Sodium acetate trihydrate 0.375

31 Medium 25 Plus
Sodium acetate trihydrate 0.625

32 Medium 25 Plus
Sodium acetate trihydrate 0.875

33 Medium 24 Plus
Sodium citrate dihydrate 0.375

34 Medium 25 Plus
Sodium citrate dihydrate 0.625

35 Medium 25 Plus
Diammonium adipate 0.250

36 Medium 25 Plus
Diammonium adipate 0.500

37 Medium 25 Plus
Diammonium adipate 0.750

38 Medium 25 Plus
Diammonium succinate 0.625

39 Medium 25 Plus
Sodium glycerophosphate 0.625

40 Nonfat dry milk 0.545
Cheese whey 5.680
Yeast extract 0.450
Ammonium phosphate dibasic 0.875
Ammonium phosphate monobasic 0.625
Maltrin 0.625

41 Medium 40 Plus
Sodium acetate trihydrate 0.125
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TABLE 5.1. Continued.

Medium Composition

42 Medium 40 Plus
Sodium acetate trihydrate

43 Medium 40 Plus
Sodium acetate trihydrate

44 Medium 40 Plus
Sodium acetate trihydrate

45 Medium 40 Plus
Sodium acetate trihydrate

46 Medium 40 Plus
Diammonium adipate

47 Medium 40 Plus
Diammonium adipate

48 Medium 40 Plus
Diammonium adipate

49 Medium 25 Plus
Lactic acid

50 Nonfat dry milk
Cheese whey
Yeast extract
Maltrin

51 Medium 50 Plus
Ammonium phosphate dibasic
Ammonium phosphate monobasic

52 Medium 50 Plus
Ammonium phosphate dibasic
Ammonium phosphate monobasic

53 Medium 50 Plus
Sodium acetate anhydrous

54 Medium 53 Plus
Ammonium phosphate dibasic
Ammonium phosphate monobasic

% W/V

0.250

0.375

0.625

0.875

0.250

0.500

0.750

0.545
5.680
0.450
0.625

1.875
1.500

1.250
1.250

1.250

0.375
0.625
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TABLE 5.1. Continued.

Medium Composition % W/V

55 Medium 50 Plus
Sodium acetate anhydrous
Ammonium phosphate dibasic
ammonium phosphate monobasic

56 Medium 50 Plus
Ammonium phosphate dibasic
Ammonium phosphate monobasic
Citric acid anhydrous

57 Medium 50 Plus
Ammonium phosphate dibasic
Ammonium phosphate monobasic
Lactic acid (85% syrup)

58 Medium 50 Plus
Ammonium phosphate dibasic
Ammonium phosphate monobasic
Fumaric acid

59 Medium 50 Plus
Ammonium phosphate dibasic
Fumaric acid

1.500

0.375
0.625

1.250
0.250
0.250

1.250
0.250
0.250

1.250
0.250
0.187

1.250

0.250

60 Nonfat dry milk 5.750

Polly-O-Whey 1.375

Yeast extract 0.500
Ammonium phosphate dibasic 1.250
Fumaric acid 0.250

61 Nonfat dry milk 1.375

Polly-O-Whey 5.750

Yeast extract 0.500
Ammonium phosphate dibasic 1.250

Fumaric acid 0.250

62 Nonfat dry milk 0.750

Cheese whey 5.750

Yeast extract 0.450

Ammonium phosphate dibasic 1.250

Ammonium phosphate monobasic 0.250

Maltrin 0.625

Fumaric acid 0.187
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TABLE 5.1. Continued.

Medium Composition % W/V

63 Nonfat dry milk 0.750
Cheese whey 5.750
Yeast extract 0.450
Ammonium phosphate dibasic 1.250
Fumaric acid 0.250
Maltrin 0.625

64 Nonfat dry milk 0.750
Cheese whey 5.750
Yeast extract 0.500
Ammonium phosphate dibasic 1.250
Fumaric acid 0.250
Maltrin 0.625

65 Nonfat dry milk 5.750
Cheese whey 0.750
Yeast extract 0.500
Ammonium phosphate dibasic 1.250
Fumaric acid 0.250
Maltrin 0.625

66 Same as Medium 64 except that Polly-O-Whey
was used in place of Cheese whey.

67 Same as Medium 65 except that Polly-O-Whey
was used in place of Cheese whey.

68 Nonfat dry milk 0.750
Polly-O-Whey 5.750
Yeast extract 0.500

Maltrin 0.625

69 Nonfat dry milk 5.750

Polly-O-Whey 0.750

Yeast extract 0.500

Maltrin 0.625

70 Medium 68 Plus
Ammonium phosphate dibasic
Fumaric acid

71 Medium 69 Plus
Ammonium phosphate dibasic
Fumaric acid

0.750
0.094

1.250

0.125
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TABLE 5.1. Continued.

Medium Composition % W/V

72 Nonfat dry milk 3.900
Polly-O-Whey 2.600
L-Glutamic acid 0.625
Sodium carbonate 0.250
Amberex 1003 0.500
Ammonium phosphate dibasic 0.812
Fumaric acid 0.125
Zinc ammonium phosphate 0.625

73 Medium 72 Plus
Ferrous sulfate heptahydrate 0.005

74 Medium 68 Plus
Ammonium phosphate dibasic
Fumaric acid

0.875
0.125
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Pasteurization: The media were prepared by reconstituting

the dry ingredients in cold tap water in one liter reaction

vessels (800 ml working volume) of a Pharmaceutical dissolution

apparatus (Hanson Research Corp., Northridge, CA.) equipped with

overhead variable speed agitator with teflon coated paddles.

Fermentation vessels were suspended in a circulating water bath

fitted with two circulating bath heaters (Precision Scientific

Co.). The media were pasteurized at 85-88 C for 45 min, cooled

and maintained at 42+1 C. Media were constantly agitated while_

heating and cooling (14,33). Before inoculation samples were

drawn from the pasteurized media to estimate pH and titratable

acidity.

Inoculation: The pasteurized medium in each reaction vessel

was inoculated with 6.0 ml (0.75% V/V) each of S. thermophilus

and L. bulgaricus cultures grown in sterile nonfat milk (11%

solids) at 37 C for 12 h. Whenever bacteriophages were used, the

media were inoculated simultaneously with appropriate phage

suspension.

In case of commercial cultures, the frozen cultures were

removed from -40 C freezer and thawed at room temperature in a

beaker of chlorine water. The culture was thoroughly mixed by

vigorous shaking. The medium in each reaction vessel was

inoculated with either 0.1 ml of Hansen's (R series) or 0.18 ml

of Marschall's (CR series) cultures. Five minutes after

inoculation the agitation was discontinued unless mentioned

otherwise. The incubation was at 42+1 C._
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Analyses: To determine initial phage titer, samples were

removed about five minutes after inoculation. Four to five hours

after inoculation media were agitated for 2 min and samples were

taken to measure pH. After this initial sampling, decline in pH

was monitored by sampling every 30-60 min. Once the cultures

reached the required pH, larger samples were removed to estimate

titratable acidity, plate counts, thermophilic activity and

bacteriophage titer.

pH Measurement: The pH was measured using a Corning 125 pH

meter fitted with glass combination electrode and temperature

compensator.

Titratable Acidity: Nine gram samples were titrated against

0.1N NaOH in the presence of phenolphthalein as indicator to

faint pink end point. The acidity values are expressed as percent

lactic acid.

Thermophilic Activity: Acid-producing capability of ripened

rod-coccus cultures grown in various media was determined by the

controlled temperature profile (CTP) activity test. Ten

milliliters of pasteurized (62.8 C for 30 min), reconstituted

nonfat dry milk (11% solids) were inoculated with 1% and 2%

cultures in duplicate. The tubes were placed in a water bath (B.

Braun, Thermomix 1480) at 35 C along with an uninoculated control

for 60 min. Then the temperature was raised to 38 C for 20 min

and to 45 C for additional 10 min. After this increase,

temperature was brought down to 40 C through normal cooling and

held at this temperature for additional 150 min to simulate
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cheese making temperatures (34). At the end of this temperature

treatment, pH of the tubes was recorded and the activity was

calculated as follws:

Thermophilic activity = (pH of control tube average pH of 1%

inoculum) + (pH of control tube - average pH of 2% inoculum).

Bacterial Counts: One milliliter samples were mixed with

99.0 ml cold peptone (Difco. 0.1% W/V) diluent and blended in a

waring blendor for 2 min to break up the streptococcal chains.

Blended samples were then serially diluted tenfold and plated on

LB and ST agars (9). The plates were incubated at 37 C for 48 h

in anaerobic GasPak jars (BBL Microbiology Systems, Becton

Dickinson and Co., Cockeyesville, MD.) in a hydrogen plus carbon

dioxide environment. The streptococcal and lactobacilli colonies

were counted separately and reported as colony forming units per

milliliter.

Enumeration of Bacteriophages: Five minutes after

inoculation and at the end of incubation, 1.0-ml samples were

removed into 9.0 ml cold sterile peptone water (0.1% W/V) blanks,

centrifuged at 10,000 RPM in a refrigerated centrifuge (Beckman

Model J2-21) at 5 C for 15 min and the supernatant was filtered

through 0.45 µm membrane (Gelman Sciences, Inc., Ann Arbor, MI).

This filtrate was used to test for the presence of

bacteriophages.

The bacteriophage plaques were enumerated by the double agar

layer method as described by Accolas and Spillman (1,2).

Bacteriophages active against S. thermophilus were plated on M17
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agar and those active against lactobacilli on MRS medium. The

procedure was as follows: The medium for the bottom agar layer

was prepared with 1.2% agar (W/V). Before pouring, sterile 1M

CaC12.2H20 solution (1% V/V) was added to the medium and gently

mixed. The top soft agar layer contained either 0.1 ml of fresh

S. thermophilus grown in M17 broth or 0.05 ml of L. bulgaricus

grown in MRS broth for 6 h at 42 C, 0.1 ml of diluted filtrate

(diluted in sterile peptone water) and 0.1 ml of sterile 0.2M

CaCl2' 2H20 (for cocci) or 25,01 of sterile 1.0M CaC12,2H20 (for

rods). The contents were incubated at 37 C for 15 min and then

2.5 ml of soft, molten agar media (0.6% agar) held at 50 C was

added, gently mixed and immediately poured into a petridish

containing bottom solidified agar layer. The petridishes were

allowed to dry at room temperature for 2 h and then incubated

right side up at 37 C for 15 h in anaerobic GasPak jars under

hydrogen and carbon dioxide environment.

Buffer Capacities: Buffer capacities of pasteurized media

(800 ml) were determined by titrating the media against DL-lactic

acid (85% syrup, Sigma Chemical Co.) in 1.0 ml increments until

the pH dropped below 4.5. In case of individual chemical

ingredients, a known concentration of solution or suspension was

prepared in distilled water and titrated against lactic acid.
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RESULTS

Italian bulk starter media containing buffering agents such

as sodium tripolyphosphate and nutrients like sucrose and calcium

caseinate were formulated. Buffer capacities of some of these

ingredients and the media incorporating these ingredients were

determined by titrating against 85% lactic acid (Figs. 5.1, 5.2,

and 5.3). From the Figures it can be seen that buffer capacities

of none of the formulations are as high as of Medium 1, which is

an internally-pH-controlled medium containing magnesium

hydroxide. Some formulations, for example, Media 11 and 12

neutralized more lactic acid than the commercial phage inhibitory

medium (Medium 3).

The new formulations were tested for the growth of

thermophilic lactic acid bacteria. The results are presented in

Table 5.2. Media 1 and 3 were controls. Amongst all the

formulations, the cultures grown in Medium 1 gave highest

activity. But the cultures grown in this medium are highly

susceptible to bacteriophage attack. The rod-coccus cultures

grown in Media 12 and 14, which contain magnesium hydroxide, also

showed good activity. However, the presence of magnesium

hydroxide in these formulations makes the cultures grown in them

vulnerable for phage attack. Addition of 0.375% (W/V) of sodium

tripolyphosphate to Medium 3 marginally improved its buffer

capacity (Fig. 5.2), but the bacterial cultures failed to grow in

this medium. Since bacteria grew well in media containing both
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43- Magnesium Hydroxide (1.0% w/v)
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FIGURE 5.1. Titration curves for magnesium hydroxide, magnesium

phosphate and zinc oxide.
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TABLE 5.2. Growth and activities of thermophilic lactic acid cultures in various media.

Medium
Initial Hours of

Incubation

After incubation

21.1_
TA Activity

CFU per ml (Log)
TA Rods Cocci

1
*

6.41 0.98 6.0 4.80 2.44 3.93 7.59 9.36

3 6.52 0.74 5.0 4.31 1.46 1.91 7.38 8.64

9
*

6.67 0.66 6.5 6.65 0.70 0.00 4.41 6.63

11
*

6.59 0.96 6.0 6.48 1.04 0.04 4.39 6.57

12
*

6.56 1.14 6.0 4.72 2.02 3.20 6.76 9.07

13
*

6.57 0.82 6.0 6.53 1.02 0.02 4.50 6.58

14
*

6.54 1.16 6.0 4.60 2.06 3.14 6.71 9.17

15
*

6.57 1.04 6.0 6.53 1.04 0.02 4.43 6.53

16 6.86 0.64 8.0 4.66 1.84 3.39 7.75 8.51

Media compositions are presented in TABLE 5.1.

* Agitated during incubation.

TA = Titratable acidity as percent lactic acid.

Activity = Thermophilic activity.
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sodium tripolyphosphate and magnesium hydroxide, it is possible

that divalent cations such as magnesium partially offset the

deleterious effects of sodium tripolyphosphate. Amongst different

formulations tested, one medium (Medium 16) supported good growth

of rod-coccus cultures and the cultures raised in this medium

were highly active. This formulation was selected for further

testing.

Medium 16 which supported balanced growth of rod-coccus

cultures was further evaluated for its phage inhibitory property.

From the results presented in Table 5.3 it can be seen that this

medium does inhibit bacteriophage proliferation. The activity of

thermophilic cultures raised in the presence of bacteriophages

was almost same as that in the absence of phage and there was

marked reduction in phage titer at the end of incubation period.

A commercial rod-coccus culture and a rod-coccus combination

grown in sterile nonfat milk under laboratory conditions were

inoculated into Medium 16. The medium was incubated with and

without constant agitation to determine the effect of agitation

on growth and activity of the cultures. The results are presented

in Table 5.4. Since there was no significant difference between

agitated and unagitated cultures it was decided not to agitate

the medium during incubation. All ingredients of this medium are

water soluble hence, agitation is not required to keep the medium

homogeneous.

Attempts were made to improve the medium (Medium 16) by

increasing its buffer capacity by adding zinc oxide and



TABLE 5.3. Effect of the addition of bacteriophages on growth and thermophilic activities of rod-coccus

cultures grown in Medium 16.

Initial Hours of
After incubation PFU per ml (Log)

CFU per ml (Log) Initial Final

Treatment 21i TA incubation p TA Activity Rods cocci Rods Cocci Rods cocci

No Phage 6.86 0.84 7.3 4.78 1.79 3.23 6.72 8.53

Rod Phage 6.86 0.83 6.6 4.74 1.71 3.27 6.56 8.55 5.4 4.34

Coccus Phage 6.86 0.84 7.3 4.76 1.73 3.14 6.44 8.54 4.25 <2.0

Rod & coccus
Phage 6.84 0.85 6.5 4.76 1.76 3.30 6.92 8.64 5.0 4.23 5.94 <2.0

Composition of Medium 16 is given in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.

Activity = Thermophilic activity.

PFU = Plaque forming units.



TABLE 5.4. Effect of agitation during incubation on growth and activities of thermophilic lactic

acid bacteria grown in Medium 16.

Initial
8.25 hours after inoculation

CFU per ml (Log)
Culture Agitation pH TA pH TA Activity Rods Cocci

Lab grown No 6.92 0.78 5.11 1.54 3.24 6.34 8.49

Lab grown Yes 6.90 0.78 4.72 1.78 3.11 6.04 8.62

Commercial CR12 No 6.90 0.76 5.45 1.58 3.59 7.23 7.32

Commercial CR12 Yes 6.89 0.78 4.65 1.78 3.52 7.15 7.74

Composition of Medium 16 is given in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.
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supplementing with additional nutrients such as calcium caseinate

and dextrose. Addition of zinc oxide marginally improved its

buffer capacity (Fig. 5.4). Results of the growth of rod-coccus

cultures in Medium 16 supplemented with dextrose, calcium

caseinate and zinc oxide are presented in Table 5.5. Addition of

dextrose and calcium caseinate did not improve the bacterial

growth and activity. There was significant decrease in the

activity of cultures grown in the presence of calcium caseinate.

This perhaps was due to insufficient incubation period.

Thermophilic activities of rod-coccus cultures grown in medium

supplemented with more than 0.125% (W/V) zinc oxide were

substantially lower. One of the reason for this could be higher

starting pH of the medium. Addition of zinc oxide to the medium

resulted in the formation of coarse sandy precipitate which was

highly abrasive. The precipitate was insoluble at lower pH and

hence was considered undesirable in the medium.

The largest single component of the medium (Medium 16) is

cheese whey. Cheese whey along with yeast extract in the medium

produces a yellowish brown color. Yeast extract was included in

the medium not only to provide the growth substances but also to

remove hydrogen peroxide formed due to growth of lactic acid

bacteria in air (26). Hence, to improve the appearance of the

medium and to increase the solids content, Maltrin was added as

filler material. The test medium was supplemented with 0.375% and

0.625% (W/V) maltrin. Thermophilic lactic acid cultures grown in

this media showed good activity (Table 5.6). In the presence of
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FIGURE 5.4. Buffer capacities of Media 16, 19, 21 and 23.



TABLE 5.5. Effect of the addition of calcium caseinate, dextrose and zinc oxide on growth and

activity of thermophilic lactic acid bacteria.

Medium
Initial Hours of

incubation

After incubation

QH TA Activity
CFU per ml (Log)

pH TA Rods Cocci

16 6.88 0.74 7.0 4.82 1.72 3.13 5.70 8.48

17 6.77 0.92 6.5 5.74 1.52 1.75 5.00 7.99

18 6.75 0.86 6.5 4.80 1.76 2.78 6.70 8.28

19
*

6.97 0.74 7.0 4.85 1.62 3.08 5.78 7.94

20
*

7.07 0.68 7.0 5.63 1.22 2.19 4.49 7.36

21
*

7.13 0.58 7.0 6.81 0.76 1.54 4.43 5.40

22
*

7.18 0.70 7.0 6.94 0.62 0.33 4.45 5.20

23
*

7.33 0.62 7.0 7.75 0.36 0.00 3.00 4.41

Media compositions are presented in TABLE 5.1.

* Agitated during incubation.

TA = Titratable acidity as percent lactic acid.



TABLE 5.6. Effect of the addition of maltrin to Medium 16 on growth and activity of thermophilic

lactic acid bacteria.

After incubation
Initial Hours of CFU per ml (Log)

Medium Pt TA incubation TA Activity Rods Cocci

16 6.86 0.84 7.3 4.78 1.79 3.23 6.72 8.53

24 6.90 0.76 9.0 4.80 1.64 3.37 6.84 8.18

25 6.86 0.72 10.0 4.72 1.76 3.18 7.45 8.43

Media compositions are presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.
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0.625% maltrin there was a slight decrease in activity. However,

lactobacilli grew to higher numbers in this medium than in other

two, perhaps the result of longer incubation time.

To further improve the test medium containing maltrin,

several stimulants and buffering agents such as sodium acetate,

sodium formate, diammonium adipate, diammonium succinate, sodium

citrate and sodium glycerophosphate were added (Table 5.7).

Addition of these ingredients did not contribute to the activity

of the rod-coccus cultures. Nevertheless, some ingredients showed

positive effect on the growth of lactobacilli. Sodium acetate

trihydrate at all levels tested and diammonium adipate at lower

concentrations marginally improved the rod growth. Addition of

sodium acetate did not contribute to the buffer capacity of the

medium. However, there was a slight increase in buffer capacity

in the presence of diammonium adipate, diammonium succinate and

sodium glycerophosphate (Figs. 5.5, 5.6, 5.7, 5.8, 5.9 and 5.10).

Sodium citrate and sodium formate were detrimental for bacterial

growth and activity. Increase in the concentration of diammonium

adipate resulted in increased incubation time.

Table 5.8 shows the bacteriophage inhibitory nature of the

experimental medium (Medium 25) in comparison with other

commercial media and nonfat milk. The cultures grown in

experimental medium showed highest activity (3.44) in the

presence of bacteriophage, followed by the culture grown in

commercial phage inhibitory medium (Medium 3). These data clearly

show the ability of the experimental medium (Medium 25) to



TABLE 5.7. Evaluation of various media For the growth and activities of L. bulgaricus and S.

thermophilus cultures.

Medium
Initial Hours of

incubation

After incubation

21i TA Activity
CFU per ml (Log)

H TA Rods Cocci Total

24 6.90 0.76 9.0 4.80 1.64 3.37 6.84 8.18 8.20

25 6.86 0.72 10.0 4.72 1.76 3.18 7.45 8.43 8.47

26 6.83 1.04 9.0 5.86 1.38 3.20 5.72 7.67 7.68

27
*

6.84 0.86 10.0 6.69 0.94 0.07 __a

28 6.88 0.72 10.0 4.72 1.82 3.14 7.54 8.54 8.59

29 6.86 0.76 10.0 4.76 1.86 3.01 7.64 8.32 8.40

30 6.87 0.80 9.0 4.86 1.80 3.01 7.40 8.34 8.39

31
*

6.88 0.88 10.0 4.89 1.72 2.06

32 6.91 0.64 12.0 4.92 1.90 2.05 7.96 8.36 8.51

33 6.87 0.76 9.0 6.74 0.86 0.34 4.71 5.52 5.91

34
*

6.89 0.82 10.0 6.72 0.76 0.05

35 6.90 0.74 10.0 4.88 1.76 2.54 7.54 7.90 8.06

36 6.92 0.80 12.0 5.00 1.80 2.76 7.14 7.89 7.96

37 6.90 0.84 12.0 5.35 1.74 2.89 7.00 8.32 8.34



TABLE 5.7. Continued.

Medium
Initial Hours of

incubation

After incubation

.ff TA Activity
CFU per ml (Log)

211.
TA Rods Cocci Total

38
*

6.75 0.86 10.00 5.12 1.90 2.50

39
*

6.90 0.74 10.00 4.80 1.92 2.77

40 6.56 0.84 10.00 4.65 1.74 3.09 7.41 8.46 8.50

41 6.56 0.90 10.00 4.63 1.84 3.06 7.57 8.32 8.39

42 6.57 0.84 10.00 4.69 1.76 2.92 7.48 8.28 8.34

43 6.58 0.82 9.25 4.58 2.00 2.77 7.61 8.54 8.59

44 6.62 0.86 8.00 4.74 1.86 2.28 7.54 8.40 8.45

45 6.63 0.86 10.00 4.68 2.00 1.85 7.45 7.99 8.10

46 6.62 0.84 8.00 4.77 1.80 2.65 6.70 7.54 7.60

47 6.61 0.98 10.00 4.83 1.92 2.61 7.14 8.14 8.18

48 6.62 0.96 12.00 4.92 1.94 2.55 7.36 7.38 7.67

* Agitated during incubation.

a = Not determined.

Media compositions are presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.
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FIGURE 5.5. Titration curves for sodium salts of glycerophosphate,

formate and acetate.
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FIGURE 5.6. Titration curves for sodium succinate, diammonium

succinate and diammonium adipate.
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FIGURE 5.8. Buffer capacities of media containing sodium acetate

trihydrate.
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FIGURE 5.10. Buffer capacities of Media 25 and 40.



TABLE 5.8. Evaluation of starter media for bacteriophage inhibition.

Medium

Initial

In the presence of Phage In the absence of Phage

Hours of

incubation pH TA Activity

Hours of

incubation pH TA ActivityTA

1
*

_PI

6.42 0.99 8.25 5.98 1.26 0.20 8.25 4.58 2.68 3.75

2
*

6.45 0.24 6.25 5.60 0.44 0.29 6.25 4.70 0.68 3.29

3 6.50 0.69 6.00 4.30 1.42 2.67 6.00 4.25 1.38 2.94

4 6.28 0.41 6.00 4.58 0.84 0.48 6.00 4.51 0.92 2.93

5 6.29 0.59 8.25 4.40 1.00 0.10 6.25 4.27 1.04 2.93

8 6.51 0.28 6.25 5.80 0.40 0.17 6.25 4.25 0.80 2.77

25 6.81 0.80 8.25 4.64 1.70 3.44 8.25 4.70 1.70 3.60

Media compositions are presented in TABLE 5.1.

* Agitated during incubation.

TA = Titratable acidity as percent lactic acid.
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supress phage proliferation.

Since Medium 25 was phage inhibitory and better than other

starter media, it was evaluated further for the growth of

commercial frozen cultures. The results are presented in Table

5.9. Only four of twelve cultures showed good growth in this

medium. However, when commercial cultures were preincubated in

sterile nonfat milk and then grown in Medium 25, eight of the

cultures showed good growth and activity (Table 5.10). Some of

the Hansen's cultures (R1, R2, R39 and CH3) are known to be

phosphate sensitive. The phosphates present in this medium might

be responsible for poor growth of some of these cultures. On the

other hand Marschall's cultures (CR series) are known to be

phosphate insensitive. Failure of some of these cultures to grow

in this medium indicates that the medium in its present form is

not useful for the cultivation of a broad range of rod-coccus

cultures and needs to be improved to make it more versatile.

The effect of constant agitation of commercial cultures

during the growth in Medium 25 on acid producing activities was

studied. The results are presented in Table 5.11. Agitation

during incubation reduced the incubation time but its effect on

activity and growth of lactobacilli was mixed. In the case of

commercial culture CR4, agitation resulted in reduction of both

activity and rod numbers. Whereas, in case of cultures CR7, CR14

and CR15 there was significant increase in activity. In general,

agitation resulted in lower numbers of lactobacilli.
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TABLE 5.9. Evaluation of Medium 25 for the growth and activities of

commercial frozen rod-coccus cultures.

Culture
Hours of

incubation

After incubation

TA Activity
CFU per ml (Log)

Rods Cocci

RI 8.5

_I

6.72 0.72 0.05 4.34 3.59

R2 8.5 6.67 0.74 0.05 ND ND

R5 8.5 6.10 1.06 3.22 ND ND

R6 8.5 4.55 1.48 4.29 7.99 7.43

R39 8.5 6.72 0.68 0.00 ND ND

CH3 8.5 6.70 0.76 0.00 4.14 3.82

CR4 8.0 4.78 1.48 3.39 7.44 8.04

CR5 10.0 4.66 1.60 1.60 6.00 8.67

CR7 10.0 6.63 0.84 0.82 ND ND

CR12 10.0 4.69 1.50 3.84 7.55 8.04

CR14 10.0 6.67 0.74 0.14 ND ND

CR15 10.0 6.53 0.86 1.07 ND ND

Composition of Medium 25 is presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.

ND = Not determined
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TABLE 5.10. Growth and thermophilic activities of commercial frozen

cultures pre-grown in sterile nonfat milk and then

inoculated into Medium 25.

Culture
Hours of
incubation

After incubation

TA Activity
CFU per ml (Log)

Rods Cocci

Rl 7.5 6.40 0.82 0.33 3.79 >5.00

R2 7.5 4.80 1.44 2.02 6.43 7.28

R5 5.0 4.50 1.54 3.83 8.17 7.38

R6 5.0 4.66 1.42 3.75 7.92 7.84

R39 7.5 6.60 0.74 0.23 4.32 3.82

CH3 7.5 6.68 0.72 0.04 4.07 >5.00

CR4 4.0 4.77 1.48 4.03 8.04 6.00

CR5 4.0 4.72 1.52 4.16 7.40 8.56

CR7 4.5 4.78 1.48 3.66 7.84 7.41

CR12 4.0 4.77 1.44 4.07 7.94 7.71

CR14 4.5 6.52 0.88 1.43 ND ND

CR15 4.5 4.80 1.44 2.83 7.04 7.30

Composition of Medium 25 is presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.

ND = Not determined.



TABLE 5.11. Effect of agitation on growth and activities of commercial rod-coccus cultures grown in Medium 25.

Not Agitated Agitated

Hours of CFU per ml (Log) Hours of CFU per ml (Log)

Culture incubation pH TA Activity Rods Cocci incubation pH TA Activity Rods Cocci

CR4 8.0 4.78 1.48 3.39 7.44 8.04 6.5 4.78 1.52 2.32 6.00 8.36

CR5 10.0 4.66 1.60 1.60 6.00 8.67 9.0 4.74 1.54 1.87 <6.00 8.30

CR7 10.0 6.63 0.84 0.82 ND ND 9.5 6.56 0.84 1.37 3.17 6.41

CR12 10.0 4.69 1.50 3.84 7.55 8.04 8.0 4.71 1.66 2.95 6.95 7.56

CR14 10.0 6.67 0.74 0.14 ND ND 9.5 4.72 1.58 1.24 6.00 6.54

CR15 10.0 6.53 0.86 1.07 ND ND 9.5 4.89 1.56 2.03 <6.00 7.69

Composition of Medium 25 is given in TABLE 5.1.

ND = Not determined.

TA = Titratable acidity as percent lactic acid.
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One of the reasons for less than satisfactory growth of

commercial cultures in Medium 25 was found to be its higher

starting pH. When the starting pH of this medium was reduced to

about 6.5 by adding lactic acid and tested for the growth of

commercial cultures, cultures showed increased activities. The

results are presented in Table 5.12. A few cultures, for example,

CR5, CR14, CR15, and R2 which failed to grow in the earlier

medium (Medium 25) produced very active cells in this new medium

(Medium 49).

The results presented in Table 5.13 show the beneficial

effects of Medium 49, which has a lower starting pH over the one

with higher starting pH (Medium 25). Besides increase in

activity, the cultures grew much faster in Medium 49.

To improve the buffer capacity of the medium without

compromising its lower starting pH and other beneficial effects,

various ratios of diammonium (DAP) and monoammonium (MAP)

phosphates were tried. Two combinations of dibasic and monobasic

ammonium phosphates, namely, 1.875% DAP and 1.5% MAP and 1.25%

(W/V) each of DAP and MAP showed high buffer capacity (Figs. 5.11

and 5.12). Using these combinations of DAP and MAP two media

(Media 51 and 52) were formulated. The results of the growth of

laboratory grown L. bulgaricus and S. thermophilus cultures and

commercial rod-coccus cultures in these media are presented in

Table 5.14. From this data the inhibition of rod-coccus cultures

by high phosphate concentration is quite evident. In Medium 52

which contains 1.25% (W/V) each of DAP and MAP, only one culture
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TABLE 5.12. Growth and activities of commercial rod-coccus cultures

grown in test medium (Medium 49) having lower initial pH.

Culture
Hours of
incubation

After incubation

ill TA Activity
CFU per ml (Log)

Rods Cocci

RI 11.0 6.53 0.88 0.81 ND ND

R2 11.0 4.78 1.32 1.77 <6.00 8.23

R39 7.0 6.33 0.96 0.47 5.41 5.64

CH3 7.0 6.47 0.90 0.23 4.47 4.84

CR4 7.0 4.75 1.52 3.18 6.77 8.40

CR5 7.0 4.60 1.56 3.24 6.90 8.14

CR14 7.0 4.73 1.60 3.24 7.81 6.47

CR15 6.0 4.80 1.50 2.07 <6.00 8.41

CR21 7.0 4.71 1.54 2.55 7.00 8.47

TA = Titratable acidity as percent lactic acid.

For medium composition refer to TABLE 5.1.

Initial pH of the medium was 6.50.



TABLE 5.13. Comparison of Medium 25 and Medium 49 for growth and activities of commercial frozen

thermophilic lactic acid bacteria.

Culture

Medium 25 Medium 49

Hours of
incubation

After incubation
Hours of
incubation

After incubation

TA Activitiy ill TA Activity

R1 8.5

_PI

6.72 0.72 0.05 11.0 6.53 0.88 0.81

R2 8.5 6.67 0.74 0.05 11.0 4.78 1.32 1.77

R39 8.5 6.72 0.68 0.00 7.0 6.33 0.96 0.47

CH3 8.5 6.70 0.76 0.00 7.0 6.47 0.90 0.23

CR4 8.0 4.78 1.48 3.39 7.0 4.75 1.52 3.18

CR5 10.0 4.66 1.60 1.60 7.0 4.60 1.56 3.24

CR14 10.0 6.67 0.74 0.14 7.0 4.73 1.60 3.24

CR15 10.0 6.53 0.86 1.07 6.0 4.80 1.50 2.07

Media compositions are presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.

Initial pH of Medium 25 = 6.90.

Initial pH of Medium 49 = 6.50.
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FIGURE 5.11. Titration curves for various concentrations of dibasic

and monobasic ammonium phosphate combinations.
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FIGURE 5.12. Buffer capacities of media containing various

concentrations of monobasic and dibasic ammonium

phosphates.



TABLE 5.14. Growth of L. bulgaricus and S. thermophilus cultures in phosphate rich

experimental media.

Initial Hours of
After incubation

CFU per ml (Log)

Culture TA incubation pH TA Activity Rods Cocci

Medium 51

Lab grown 6.47 1.66 12.0 6.35 ND ND ND ND

R5 6.47 1.68 12.0 6.47 ND ND ND ND

CR21 6.48 1.66 12.0 6.44 ND ND ND ND

Medium 52

Lab grown 6.33 1.40 12.0 4.65 2.40 2.29 8.11 8.32

R5 6.35 1.42 12.0 4.80 2.28 3.55 6.98 8.23

CR7 6.37 1.42 11.5 6.01 1.70 0.95 ND ND

CR12 6.37 1.42 9.0 4.75 2.20 2.45 6.11 8.14

CR21 6.34 1.40 12.0 6.28 ND ND ND ND

Media compositions are presented in TABLE 5.1.

ND = Not determined.

TA = Titratable acidity as percent lactic acid.

R5,CR7,CR12 and CR21 are commercial frozen thermophilic lactic acid cultures.
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(R5) grew well and gave high activity, but the lactobacilli

numbers were rather low.

Although the starting pH of Media 51 and 52 were at the

required level, failure of these media to support the growth of

rod-coccus bacteria necessitated the search for an appropriate

ingredient which could be used for reducing the starting pH of

the medium. Media formulations containing ingredients such as

anhydrous citric acid, anhydrous sodium acetate, lactic acid and

fumaric acid were tested. From the results presented in Table

5.15 it can be seen that the performance, with respect to both

rod-coccus growth and activity, of the media containing lactic

acid (Medium 57) and fumaric acid (Medium 58) is far more

superior to that of media containing anhydrous citric acid and

sodium acetate. Lactic acid being liquid cannot be dry blended

with other ingredients. Fumaric acid which is in powdered form

can be used for blending with other media ingredients. Addition

of fumaric acid does not alter the buffer capacity of the medium

very much (Fig. 5.13).

In formulating Medium 59, monoammonium phosphate was

eliminated to reduce the phosphate content. To compensate for the

resulting high pH, the concentration of fumaric acid was

increased. The growth of rod-coccus cultures in this medium was

almost same as that of the one where both DAP and MAP were

present (Medium 58). This finding simplifies the media

formulation by eliminating one ingredient. Two media (Media 60

and 61) were formulated by varying the concentrations of nonfat



TABLE 5.15. Evaluation of some media formulations for growth and activities of

thermophilic lactic acid bacteria.

Medium
Initial Hours of

incubation

After incubation

TA Activity
CFU per ml (Log)

pH TA Rods Cocci

53 6.12 0.20 5.00 4.72 0.84 1.36 7.20 7.30

54 6.14 0.80 8.00 4.85 1.50 1.14 5.60 7.65

55 6.13 0.78 8.00 5.30 1.28 1.09 <6.00 7.53

56 6.37 0.94 5.50 4.73 1.56 2.78 6.91 8.08

57 6.50 0.83 4.75 4.70 1.55 3.25 7.36 8.52

58 6.41 0.86 4.75 4.72 1.59 3.26 7.67 8.58

59 6.37 0.76 4.00 4.78 1.28 3.29 7.41 8.55

60 6.32 0.80 6.00 4.40 1.62 3.43 7.85 8.23

61 6.25 0.81 6.00 4.34 1.48 3.52 7.69 8.46

Media compositions are presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.
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dry milk and cheese whey, with the intention of developing a

nonfat milk-based starter medium. The activities of rod-coccus

cultures grown in these media were slightly higher than that of

those grown in whey-based media (Table 5.15).

Two whey-based media formulated with and without

monoammonium phosphate were tested for the growth of commercial

rod-coccus cultures. The results are presented in Table 5.16.

Cultures grown in medium containing only diammonium phosphate

(Medium 63) showed better rod growth and activity than those

grown in medium containing both MAP and DAP (Medium 62).

New formulations containing diammonium phosphate and various

concentrations of nonfat dry milk and cheese whey (Media 60,61

and 64) were evaluated for their ability to inhibit phage

proliferation. The results are presented in Table 5.17. Medium

60, which has 5.75% (W/V) nonfat dry milk does not seem to be

phage inhibitory, probably due to insufficient amounts of

phosphate present in this medium. Perhaps the phosphates are not

enough to chelate all the divalent cations present in this

medium. Medium 61 which has 1.375% (W/V) nonfat dry milk does

show good phage inhibition. Although the cultures grown in Medium

61 showed good activity in the presence of bacteriophages, the

decrease in phage titer was not significant. Medium 64 which is a

whey-based medium containing only 0.75% (W/V) nonfat dry milk is

a good phage inhibitory medium.

Since the cultures grown in whey-based, fumaric acid

containing, phage inhibitory medium (Medium 64) showed very good



TABLE 5.16. Comparison of Medium 62 and Medium 63 for the growth and activities of commercial frozen

thermophilic lactic acid bacteria.

Medium 62 Medium 63
5.25 hours after inoculation 5.25 hours after inoculation

CFU per ml (Log) CFU per ml (Log)
Culture EY TA Activity Rods Cocci

PLI TA Activity Rods Cocci

CR4 4.71 1.62 3.17 7.73 8.85 4.58 1.44 3.15 7.91 8.71

CR12 4.75 1.52 2.96 7.36 8.65 4.59 1.40 2.97 7.50 8.69

CR15 4.73 1.54 2.08 7.40 8.57 4.60 1.40 2.23 7.57 8.68

Media compositions are presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.



TABLE 5.17. Effect of the addition of bacteriophages on growth and thermophilic activities of

cultures grown in some experimental media.

rod-coccus

Initial Hours of
After incubation PFU per ml (Log)

CFU per ml (Log) Initial Final
Treatment pH TA incubation EN TA Activity Rods cocci Rods Cocci Rods cocci

Medium 60

No Phage 6.32 0.80 6.00 4.40 1.62 3.43 7.85 8.23 - -

R + C Phage 6.34 0.84 6.00 4.30 1.67 1.91 7.98 8.53 6.38 5.98 4.62 3.23

Medium 61

No Phage 6.25 0.81 6.00 4.34 1.48 3.52 7.69 8.46 - - -

R + C Phage 6.26 0.76 6.00 4.30 1.53 3.09 7.76 8.66 6.38 5.99 4.15 3.20

Medium 64

No Phage 6.30 0.82 4.25 4.54 1.46 3.23 8.11 8.47 - - - -

R Phage 6.29 0.84 4.25 4.45 1.48 3.33 8.17 8.67 2.08 <2.0 -

C Phage 6.28 0.82 4.25 4.46 1.48 3.26 8.08 8.71 2.15 <2.0

R + C Phage 6.28 0.84 4.25 4.44 1.50 3.34 8.25 8.79 2.00 2.00 <2.0 <2.0

Composition of media are presented in TABLE 5.1.

R = Bacteriophage active against L. bulgaricus.

C = Bacteriophage active against S. thermophilus.

TA = Titratable acidity as percent lactic acid.

PFU = Plaque forming units.
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growth and activity, this medium was evaluated for the growth of

some commercial cultures. The performance of commercial cultures

in this medium with respect to duration of incubation, activity

and rod-coccus numbers was compared with that of other commercial

bulk starter media, and reconstituted nonfat milk. The results

are presented in Tables 5.18 and 5.19. From Table 5.18 it can be

seen that the incubation time required to reach 'break' pH in

this medium is almost the same as or slightly lower than that in

commercial phage inhibitory medium (Medium3). From Table 5.19, it

can be seen that the thermophilic activity of cultures raised in

experimental whey-based medium (Medium 64) is higher than that of

those raised in Meidum 3, except for culture CR5. Almost all

cultures grown in Media 4,5 and 8 showed good activity, but none

of these media were phage inhibitory.

A milk-based medium containing 5.75% (W/V) nonfat dry milk

and 0.75% (W/V) whey was formulated and evaluated for the growth

of both commercial and laboratory grown rod-coccus cultures. The

results are presented in Table 5.20. The cultures grown in this

medium showed good activity. In the case of laboratory grown

rod-coccus cultures, lactobacilli reached higher numbers. The

buffer capacities of whey-based and milk-based are presented in

Fig. 5.14. Milk-based medium had marginally higher buffer

capacity.

The source of cheese whey is known to influence the

performance of starter culture. Whey-based and milk-based media

(Media 64 and 65) were formulated with Cheddar cheese whey and



TABLE 5.18. Comparison of experimental medium (Medium 64) with other starter media for the growth of

commercial thermophilic lactic acid bacteria.

Culture
Medium 3 Medium 4 Medium 5 Medium 8 Medium 64

HI pH TA HI A. TA HI pH TA HI pH TA HI RN TA

RI 5.5 6.35
*

0.74 5.5 4.30 0.86 7.0 4.88 1.16

....._

7.00 4.28 0.94 5.5 6.20* 1.00
R2 9.0 4.32 1.21 5.0 4.36 0.82 6.0 4.34 1.39 6.00 4.26 0.83 9.0 4.46 1.41
CR5 7.0 4.29 1.22 5.0 4.55 0.72 6.5 4.29 1.35 6.25 4.44 0.75 5.5 4.54 1.36
CR7 5.5 4.45 1.30 5.5 4.24 0.94 5.5 4.39 1.40 5.50 4.63 0.64 5.5 4.49 1.66
CR12 5.5 4.35 1.26 5.5 4.32 0.87 5.5 4.45 1.34 5.50 4.52 0.70 5.5 4.55 1.37
CR14 5.5 4.35 1.22 5.5 4.27 0.87 6.0 4.30 1.36 6.00 4.43 0.76 5.5 4.51 1.40
CR15 7.0 4.12 1.36 7.0 4.13 0.86 7.0 4.19 1.46 7.00 4.28 0.90 7.0 4.33 1.70
CR21 7.0 4.30 1.17 5.0 4.47 0.77 7.0 4.30 1.32 6.50 4.52 0.72 6.5 4.52 1.36

Media compositions are presented in TABLE 5.1.

* No change in pH at the end of 7 h.

HI = Hours of incubation.

TA = Titratable acidity as percent lactic acid.



TABLE 5.19. Thermophilic activity and viable cell counts of commercial rod-cocus cultures grown in experimental medium (Medium 64)

and other commercial starter media.

Culture
Medium 3 Medium 4 Medium 5 Medium 8 Medium 64

A L S A_ L S A_ L S A_ L_ S A L S

RI 0.58 <5.00 5.78 2.64

_

8.08

-

7.95 1.87

-

6.47 7.78 2.81 8.52

-

9.08

_

0.85

_

<5.00 5.84

R2 1.23 7.55 7.41 1.69 6.08 8.69 2.44 7.80 8.34 2.40 7.90 8.87 1.58 6.34 7.89

CR5 3.02 7.11 8.86 2.43 7.00 8.87 3.37 7.51 8.73 3.50 7.82 8.76 2.47 6.62 8.77

CR7 2.96 7.56 8.11 3.32 7.47 8.62 3.33 7.47 8.17 2.70 7.60 8.30 3.06 7.17 8.39

CR12 3.08 7.76 8.63 3.42 7.68 8.70 3.48 8.04 8.75 2.91 8.08 8.69 3.33 7.55 8.59

CR14 2.32 7.87 8.92 2.68 7.68 8.86 2.70 8.00 8.99 1.99 8.47 8.44 2.47 7.30 8.79

CR15 2.92 7.43 8.70 3.11 7.11 8.81 3.39 7.55 8.77 2.90 7.76 8.62 2.93 7.00 8.67

CR21 2.63 7.25 8.71 2.61 7.34 9.08 3.21 7.38 8.85 3.34 7.69 9.04 2.74 7.28 8.58

Media compositions are presented in TABLE 5.1.

A = Thermophilic activity.

L = Colony forming units (Log) of L. bulgaricus.

S = Colony forming units (Log) of S. thermophilus.



TABLE 5.20. Growth of thermophilic lactic acid bacteria in nonfat milk-based experimental

medium (Medium 65).

Culture

Initial Hours of

incubation

After incubation

TA

CFU per ml (Log)

pH TA Activity Rods Cocci

Lab culture 6.31 0.81 4.25 4.40 1.57 3.09 7.97 8.25

Commercial Culture

CR5 6.40 0.78 5.50 4.54 1.43 2.66 6.94 8.87

CR21 6.44 0.79 7.00 4.52 1.43 2.75 7.32 8.89

Composition of Medium 65 is presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.
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Italian cheese whey (Polly-0-whey) and evaluated for the growth

of rod-coccus cultures. Table 5.21 shows the results of this

experiment. The source of whey does not seem to make any

difference either in growth or in the activity of rod-coccus

cultures. Since Italian cheese whey was slightly lower in pH and

marginally better buffer (Fig. 5.15) perhaps this could

preferentially be used for blending the medium.

Milk-based and whey-based experimental media (Media 66 and

67) containing Italian cheese whey were evaluated for phage

inhibition. The results are presented in Table 5.22. With respect

to phage inhibition, these media were same as those containing

Cheddar cheese whey (Media 64 and 65). The source of whey did not

influence the phage inhibition property of the media.

It was decided to optimize the phosphate content of

experimental media so that the media could support the growth of

a wide range of commercial cultures without jeopardizing the

phage inhibitory property. Tables 5.23 and 5.24 show the effects

of the concentration of diammonium phophate on growth and

activity of rod-coccus cultures and susceptibility of these

cultures to bacteriophage. With an increase in the concentration

of diammonium phosphate from 0.0% to 0.75% (W/V) there was

increase in activity of the cultures. However, with increase in

phosphate concentration lactobacilli counts decreased (Table

5.23). Diammonium phosphate concentration of 0.75% (W/V) and

above made the medium phage inhibitory (Table 5.24).



TABLE 5.21. Effect of source of cheese whey on the growth of thermophilic lactic acid

bacteria.

Initial

4.25 hours after inoculation

CFU per ml (Log)

Source of Whey PA TA
21.1

TA Activity Rods Cocci

Medium 64

Cheddar cheese whey 6.31 0.76 4.46 1.40 3.33 8.00 8.57

Italian cheese whey 6.26 0.75 4.34 1.49 3.23 8.00 8.49

Medium 65

Cheddar cheese whey 6.32 0.81 4.40 1.57 3.09 7.97 8.25

Italian cheese whey 6.32 0.75 4.39 1.61 3.07 7.94 8.20

Media compositions are presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.
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TABLE 5.22. Effect of the addition of bacteriophages on growth and thermophilic activities of rod-coccus

cultures grown in some experimental media.

5.0 hours After inoculation PFU per ml (Log)
Initial CFU per ml (Log) Initial Final

Treatment pH TA AI TA Activity Rods cocci Rods Cocci Rods cocci

Medium 66

No Phage 6.32 0.76 4.61 1.29 2.78 7.25 8.50

R + C Phage 6.34 0.76 4.58 1.36 2.91 7.23 8.59 2.86 3.23 <2.00 2.00

Medium 67

No Phage 6.38 0.80 4.74 1.43 2.88 7.77 8.11

R + C Phage 6.39 0.80 4.57 1.45 3.09 7.08 8.60 2.97 3.28 <2.00 2.08

Compositions of media are presented in TABLE 5.1.

R = Bacteriophage active against L. bulgaricus.

C = Bacteriophage active against S. thermophilus.

TA = Titratable acidity as percent lactic acid.

PFU = Plaque forming units.



TABLE 5.23. Optimization of diammonium phosphate and fumaric acid concentrations in experimental medium

(Medium 68).

DAP FA
Initial Hours of

incubation

After incubation

21_1_
TA Activity

CFU per ml (Log)
PH TA Rods Cocci

0.000 0.000 5.57 0.18 4.50 4.06 0.47 2.16 8.23 8.87

0.250 0.000 6.27 0.26 4.50 4.18 0.67 2.75 8.50 8.25

0.500 0.062 6.27 0.39 4.50 4.30 0.86 2.96 8.41 8.40

0.625 0.062 6.41 0.44 4.00 4.42 0.90 2.97 8.20 8.50

0.687 0.062 6.46 0.47 4.00 4.47 0.90 2.97 7.97 8.52

0.750 0.094 6.41 0.47 4.50 4.42 1.03 3.15 7.91 8.50

0.812 0.094 6.45 0.51 5.00 4.37 1.03 3.12 7.89 8.45

0.875 0.125 6.38 0.55 5.00 4.39 1.14 3.10 7.90 8.38

0.937 0.125 6.42 0.57 5.00 4.46 1.10 3.11 7.63 8.32

1.000 0.125 6.50 0.54 5.75 4.52 1.24 2.90 7.32 8.34

1.250 0.187 6.48 0.68 5.75 4.59 1.36 2.68 6.90 8.50

Composition of the medium is presented in TABLE 5.1.

DAP = Ammonium phosphate dibasic (% W/V).

FA = Fumaric acid (% W/V).
1--

TA = Titratable acidity as percent lactic acid. cr,



TABLE 5.24. Effect of the concentration of diammonium phosphate on bacteriophage inhibitory property of

whey-based experimental medium (Medium 68).

DAP FA
Initial Hours of

incubation

After incubation PFU per ml (Log)

pki TA Activity
CFU per ml (Log) Initial Final

.2t TA Rods Cocci Rods Cocci Rods Cocci

0.000 0.000 5.55 0.18 4.50 4.16 0.45 1.10 7.00 7.81 3.71 4.54 7.00 2.30

0.250 0.000 6.25 0.26 4.50 4.16 0.73 1.39 8.08 8.20 3.78 4.96 5.91 3.32

0.500 0.062 6.29 0.39 4.50 4.29 0.87 1.77 8.20 8.52 3.68 4.87 4.56 2.60

0.625 0.062 6.41 0.45 4.00 4.40 0.93 2.84 8.17 8.36 4.56 2.00

0.687 0.062 6.47 0.47 4.00 4.41 0.92 3.00 8.08 8.41 4.45 2.30

0.750 0.094 6.42 0.48 4.50 4.39 1.06 3.19 7.96 8.52 2.48 4.68 <2.00 2.81

0.812 0.094 6.45 0.51 5.00 4.34 1.10 3.21 8.04 8.49 4.46 2.60

0.875 0.125 6.40 0.59 5.00 4.35 1.12 3.18 7.88 8.46 4.34 2.30

0.937 0.125 6.44 0.56 5.00 4.38 1.16 3.17 7.91 8.52 4.28 <2.00

1.000 0.125 6.52 0.53 5.00 4.49 1.18 3.19 7.34 8.46 2.30 4.80 <2.00 3.00

1.250 0.187 6.51 0.67 5.75 4.51 1.35 2.86 7.04 8.47 2.47 4.78 <2.00 2.78

Composition of the medium is presented in TABLE 5.1.

DAP = Ammonium phosphate dibasic (X W/V).

FA = Fumaric acid (% W/V).

TA = Titratable acidity as percent lactic acid.
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Tables 5.25 and 5.26 show the effects of the concentration

of diammonium phosphate in milk-based medium (Medium 69) on the

growth and activities of rod-coccus cultures and susceptibility

of these cultures to bacteriophage attack. Similar to the

observations made with whey-based media, increase in diammonium

phosphate concentration upto 0.875% (W/V) resulted in an increase

in activity. In this medium the lactobacilli reached higher

numbers compared to whey-based medium. However, at higher

concentration of diammonium phosphate, there was a slight

decrease in lactobacilli numbers (Table 5.25). The medium was

phage inhibitory at diammonium phosphate concentrations of 1.125%

(W/V) and above (Table 5.26).

Table 5.27 gives the thermophilic activities of rod-coccus

cultures grown in whey-based (Medium 68) and milk-based (Medium

69) media in the presence as well as in the absence of

bacteriophage at various diammonium phosphate concentrations.

From the results it can be seen that whey-based medium becomes

phage inhibitory at a lower phosphate concentration (0.75% W/V

DAP) compared to the milk-based medium (1.125% W/V DAP).

Based on the above results, whey-based and milk-based media

containing 0.75% and 1.125% diammonium phosphate were formulated

and evaluated for the growth and activities of commercial

rod-coccus cultures. The results are presented in Table 5.28. In

these media phosphate sensitive cultures such as R1, R2, R39 and

CH3 showed good growth and activity. Amongst the cultures tested

in this set of experiments, culture CH3 was found to be highly



TABLE 5.25. Optimization of diammonium phosphate and fumaric acid concentrations in nonfat milk-based

experimental medium (Medium 69).

DAP FA
Initial Hours of

incubation

After incubation

QH TA Activity
CFU per ml (Log)

pH TA Rods Cocci

0.000 0.000 6.06 0.18 5.00 3.89 0.60 1.73 8.30 8.30

0.250 0.000 6.55 0.27 5.00 4.09 0.82 2.54 8.47 8.38

0.500 0.062 6.40 0.40 5.00 4.27 1.00 2.63 8.49 8.47

0.750 0.094 6.51 0.45 4.00 4.49 1.10 3.28 7.88 8.52

0.875 0.125 6.50 0.55 5.00 4.40 1.32 3.16 8.17 8.41

0.937 0.125 6.53 0.57 6.00 4.33 1.47 2.91 8.20 8.45

1.000 0.125 6.57 0.62 5.75 4.47 1.37 3.03 8.11 8.34

1.062 0.187 6.43 0.70 6.00 4.35 1.55 3.09 8.20 8.38

1.125 0.187 6.46 0.70 6.00 4.45 1.42 3.07 8.08 8.28

1.250 0.187 6.54 0.70 6.00 4.56 1.50 3.03 7.80 8.47

Composition of the medium is presented in TABLE 5.1.

DAP = Ammonium phosphate dibasic (% W/V).

FA = Fumaric acid (% W/V).

TA = Titratable acidity as percent lactic acid.



TABLE 5.26. Effect of the concentration of diammonium phosphate on bacteriophage inhibitory property of nonfat

milk-based experimental medium (Medium 69).

DAP FA
Initial Hours of

incubation

After incubation
Initial
PFU per ml (Log)

pH TA Activity
CFU per ml (Log) Final

pH TA Rods Cocci Rods Cocci Rods Cocci

0.000 0.000 6.05 0.20 5.00 4.10 0.54 0.69 6.62 8.17 3.67 4.72 6.89 6.14

0.250 0.000 6.54 0.27 5.00 4.19 0.79 0.24 6.36 8.00 3.69 4.79 7.38 6.62

0.500 0.062 6.42 0.38 5.00 4.33 0.96 0.19 6.86 8.08 3.68 4.88 6.66 6.53

0.750 0.094 6.53 0.53 4.00 4.46 1.12 1.17 7.81 8.44 2.48 4.80 3.83 5.82

0.875 0.125 6.51 0.58 5.00 4.37 1.50 1.92 8.14 8.46 3.81 4.00

0.937 0.125 6.53 0.60 6.00 4.29 1.54 2.01 8.25 8.63 3.82 4.36

1.000 0.125 6.58 0.59 5.75 4.39 1.38 2.86 8.08 8.55 2.78 4.52 <2.00 2.74

1.062 0.187 6.43 0.72 5.00 4.40 1.40 2.45 8.04 8.62 3.75 3.52

1.125 0.187 6.48 0.73 5.00 4.43 1.43 3.10 8.04 8.61 3.70 2.69

1.250 0.187 6.55 0.83 5.00 4.54 1.47 3.41 7.86 8.44 2.30 4.74 <2.00 2.95

Composition of the medium is presented in TABLE 5.1.

DAP = Ammonium phosphate dibasic (% W/V).

FA = Fumaric acid (% W/V).

TA = Titratable acidity as percent lactic acid.
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TABLE 5.27. Thermophilic activities of rod-coccus cultures grown in

whey-based (Medium 68) and nonfat milk-based (Medium 69)

experimental media at various phosphate concentrations.

DAP FA

Thermophilic activity
Medium 68 Medium 69

With Phage Without Phage With Phage Without Phage

0.000 0.000 1.10 2.16 0.69 1.73

0.250 0.000 1.39 2.75 0.24 2.54

0.500 0.062 1.77 2.96 0.19 2.63

0.625 0.062 2.84 2.97

0.687 0.062 3.00 2.97

0.750 0.094 3.19 3.15 1.17 3.28

0.812 0.094 3.21 3.12

0.875 0.125 3.18 3.10 1.92 3.16

0.937 0.125 3.17 3.11 2.01 2.91

1.000 0.125 3.19 2.90 2.86 3.03

1.062 0.187 2.45 3.09

1.125 0.187 3.10 3.07

1.250 0.187 2.86 2.68 3.41 3.03

Compositions of the media are presented in TABLE 5.1.

DAP = Ammonium phosphate dibasic (% W/V).

FA = Fumaric acid (% W/V).



TABLE 5.28. Activities of commercial thermophilic lactic acid cultures grown in whey-based (Medium

70) and nonfat milk-based (Medium 71) experimental media.

Culture

Medium 70 Medium 71

Hours of
incubation

After incubation Hours of
incubation

After incubation
pH TA Activity pH TA Activity

RI 9.5 4.37 1.05 2.46 15.0 4.51 ND 2.04

R2 6.0 4.55 0.97 2.67 10.5 4.28 1.45 3.16

R5 6.5 4.13 1.13 3.42 6.5 4.26 1.45 3.61

R6 6.5 4.27 1.40 3.42

R39 6.0 4.32 1.05 1.86 15.0 4.25 ND 2.13

CH3 6.5 4.37 0.96 1.88 6.5 6.43 0.66 0.25

CR5 5.5 4.44 0.97 3.01 7.0 4.48 1.29 3.81

CR15 5.0 4.42 1.02 2.60 5.5 4.55 1.24 2.82

CR21 5.0 4.47 0.98 2.81 7.0 4.44 1.31 3.21

Composition of the media are presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.

ND = Not determined.
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sensitive to the phosphate content. Culture CH3 grew reasonably

well in Medium 70 containing 0.75% DAP but failed to grow in

Medium 71 where DAP concentration was 1.25%.

In case of Cheddar cheese manufacture, internally-pH-

controlled media are reported to increase cheese yield by as much

as 0.09% (31). Hence, two media (Media 72 and 73) were formulated

using zinc ammonium phosphate (supplied by Dr. J.W. Ayres,

College of Pharmacy) with the intention of developing an

internally-pH-controlled phage inhibitory starter media for

thermophilic lactic starter cultures. One of the formulations

contained ferrous sulphate to prevent accumulation of peroxide

(12). These media were evaluated for growth of rod-coccus

cultures and phage inhibition. The results presented in Table

5.29 show that these media support good growth of cultures but

were not phage inhibitory.

About 1250 pounds (570 Kg) of whey-based medium containing

0.875% DAP and 0.125% fumaric acid (Medium 74) were commercially

blended at Galloway West Co., Fond du Lac, WI. and bagged in 50

pound (23 Kg) quantities. Samples were taken from each of the 25

bags and tested for uniformity of the blended material. Results

presented in Table 5.30 show the uniformity of the blended

mixture with respect to initial pH and titratable acidity. The

data presented in this Table further confirm the phage inhibitory

property of this medium.
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TABLE 5.29. Evaluation of Medium 72 and Medium 73 for growth and

activities of thermophilic lactic acid bacteria in the

presence and in the absence of bacteriophages.

Initial
4.0 hours after inoculatin

CFU per ml (Log)
Treatment

.211_
TA TA Activity Rods Cocci

Medium 72

Without Phage 6.51 0.45 4.65 0.85 3.10 7.63 8.72

With Phage 6.53 0.41 4.56 0.93 1.49 7.56 8.67

Medium 73

Without Phage 6.55 0.42 4.50 0.88 3.62 7.89 8.96

With Phage 6.60 0.38 4.51 1.04 1.15 7.85 8.82

Media compositions are presented in TABLE 5.1.

Media were continuously agitated during incubation.



TABLE 5.30. Evaluation of commercially blended experimental medium (Medium 74) for homogenity.

Sample No.
Initial

Phage

5.0 hours After inoculation

PFU per ml (Log)

2.11.
TA Activity

CFU per ml (Log)
TA Rods cocci Initial Final

1 6.46 0.51 YES 4.50 1.26 3.14 7.45 8.11 4.08 <2.0

5 6.46 0.49 YES 4.47 1.07 3.11 7.43 8.08 4.08 <2.0

17 6.52 0.52 YES 4.54 1.05 2.93 6.87 8.20 4.08 <2.0

21 6.52 0.53 YES 4.53 1.05 2.96 6.98 8.28 4.08 <2.0

2 6.50 0.51 NO 4.78 0.95 2.64 6.92 7.79

9 6.43 0.46 NO 4.73 0.94 2.59 7.08 7.93

13 6.45 0.49 NO 4.74 0.99 2.60 6.97 7.84

25 6.46 0.48 NO 4.53 0.95 2.59 7.04 7.98

Composition of the medium is presented in TABLE 5.1.

TA = Titratable acidity as percent lactic acid.

PFU = Plaque forming units.
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Table 5.31 shows the comparison between commercially blended

fumaric acid containing experimental medium (Medium 74) and

commercial phage inhibitory medium (Medium 3) with respect to

activity, percent rods and phage inhibition. Both media were

phage inhibitory, but the thermophilic activities of the cultures

grown in Medium 74 in the presence as well as in the absence of

bacteriophages were higher than that of those grown in Medium 3.

The cultures grown in experimental medium (Medium 74) contained a

higher percent of rods.

The buffer capacities of various commercial media and

experimental whey-based (Medium 74) and milk-based (Medium 65)

media are presented in Figures. 5.16, 5.17 and 5.18. From these

Figures it can be seen that the buffer capacities of experimental

media are either slightly better or equal to the buffer

capacities of commercial media. None of the media were as highly

buffered as internally-pH-controlled media,but cultures grown in

internally-pH-controlled media are highly vulnerable for attack

by bacteriophage.

The growth and activities of rod-coccus cultures in various

media such as internally-pH-controlled, non-phosphated and

phosphated media, commercial media and nonfat milk, both in the

presence as well as in the absence of bacteriophages were

compared with experimental milk-based (Medium 65) and whey-based

(Medium 74) media. Results presented in Table 5.32 show the

superiority of experimental media (Media 65 and 74) with respect



TABLE 5.31. Evaluation of commercially blended experimental medium (Medium 74) and a commecial phage inhibitory medium (Medium 3) for growth and

phage protection.

5.0 hours after inoculation 7.0 hours after inoculation
PFU per ml (Log)Initial

Activity
CFU per ml (Log) Percent

pH TA Activity
CFU per ml (Log) Percent

Medium Phage EH TA EM TA Rods Cocci Rods Cocci Rods Cocci Rods Cocci Oh 5h 7h

3 YES 6.40 0.60 4.19 1.21 2.91 7.40 8.77 4.1 95.9 3.98 1.34 2.71 7.31 8.69 4.1 95.9 4.06 <2.0 <2.0

3 NO 6.41 0.58 4.28 1.20 2.55 7.00 8.26 5.2 94.8 4.00 1.36 2.50 7.50 8.23 15.6 84.4

74 YES 6.49 0.51 4.51 1.11 3.03 7.25 8.17 10.7 89.3 4.28 1.29 2.93 7.44 8.08 18.4 81.6 4.08 <2.0 <2.0

74 NO 6.46 0.48 4.70 0.96 2.60 7.00 7.89 11.6 88.4 4.38 1.11 2.62 7.53 7.83 33.5 66.5

Media compositions are presented in TABLE 5.1.
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FIGURE 5.16. Comparison of buffer capacities of internally-pH-

controlled and commercial phage inhibitory media.
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TABLE 5.32. Comparison of Italian bulk starter media for growth, activity and bacteriophage protection.

Medium
Initial

In the absence of bacteriophage In the presence of bacteriophage
PFU per ml (Log)a

HI X11 TA Activity
CFU per l (Log)

%Rods HI Et TA Activity
CFU per ml (Log)

%RodsA. TA Rods Cocci Rods Cocci Initial Final

1* 6.42 0.99 8.25 4.58 2.68 3.75 6.61 9.43 1.5 8.25 5.98 1.26 0.20 4.11 6.18 0.8 2.60 7.67

2* 6.45 0.24 6.25 4.70 0.68 3.29 6.79 8.75 1.1 6.25 5.60 0.44 0.29 <5.00 6.46 2.30 9.15

3 6.50 0.69 6.00 4.25 1.38 2.94 6.83 8.83 1.0 6.00 4.30 1.42 2.67 6.67 8.96 0.5 2.47 <2.00

4 6.28 0.41 6.00 4.51 0.92 2.93 7.54 8.78 5.4 6.00 4.58 0.84 0.48 6.11 8.40 4.7 2.30 7.83

5 6.29 0.59 6.25 4.27 1.04 2.93 7.52 8.82 4.8 8.25 4.40 1.00 0.10 6.74 8.67 1.2 2.30 6.75

6 6.01 0.28 5.00 4.17 0.88 3.17 8.41 7.58 87.1 5.00 5.33 0.39 0.00 <5.00 <5.00 -- 5.98 8.60

7 6.13 0.67 5.00 4.55 1.16 3.16 6.93 7.67 15.4 5.00 4.60 1.15 2.21 7.23 7.81 20.8 5.98 4.59

8 6.51 0.28 6.25 4.25 0.80 2.77 7.40 8.85 3.3 6.25 5.80 0.40 0.17 <5.00 5.69 2.30 8.80

65 6.54 0.70 6.00 4.56 1.50 3.03 7.80 8.47 17.6 5.00 4.54 1.47 3.41 7.86 8.44 20.8 4.74 2.95

74 6.47 0.49 5.00 4.70 0.96 2.60 7.00 7.89 11.4 5.00 4.51 1.11 3.03 7.25 8.17 10.8 4.08 <2.00

Media compositions are presented in TABLE 5.1.

HI Hours of incubation.

TA Titratable acidity as percent lactic acid.

a Bacteriophage active against S. thermophilus cultures.

0, Agitated during incubation.
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to activity and percent rods both in the presence and in the

absence of bacteriophages. Among five commercial media tested

only one (Medium 3) seems to be phage inhibitory. However, the

growth of lactobacilli in this medium was rather poor.
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DISCUSSION

Growth and activities of thermophilic lactic acid bacteria

grown in media containing sodium tripolyphosphate (Media 9,11,

and 12, Table 5.2) was rather poor, perhaps due to the toxicity

of the phosphates. Phosphates are known to inhibit the growth of

rod-coccus bacteria, their deleterious effect being more

pronounced in case of lactobacilli (24,35).

Cultures raised in media containing magnesium hydroxide did

show some activity even in the presence of sodium

tripolyphosphate (Medium 12, Table 5.2). However, the bulk of the

population was comprised of S. thermophilus cultures. The higher

activity noticed in these media was perhaps the result of

streptococcal growth. Since magnesium is known to promote the

growth of S. thermophilus cultures (3), low amounts of magnesium

hydroxide in the media were probably sufficient to overcome the

deleterious effects of phosphates.

Initial formulation of experimental medium (Medium 16, Table

5.2) containing dibasic and monobasic ammonium phosphates was

found to be a good starter medium for the growth of mixed

cultures of rods and cocci. Attempts to improve this medium with

the addition of compounds such as sodium formate, sodium acetate

and sodium citrate were not a total success. Similar to the

observations of Puranen and Nurmikko (16), the addition of sodium

acetate resulted in marginal increase in lactobacilli population.

The activity of cultures grown in this medium was not high enough
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to make sodium acetate a permanent ingredient of the medium

(Table 5.7). Under low oxygen conditions S. thermophilus produces

formic acid which is known to stimulate the growth of L.

bulgaricus cultures (11,32). Severe heating of milk results in

significant production of formic acid. Since the medium used in

this experiment was a whey-based medium containing low amounts of

milk, formic acid in the form of sodium formate was added in an

attempt to improve the medium with respect to the growth of

lactobacilli. Addition of sodium formate to the medium did not

increase the rod growth. Rather, at higher concentrations of

sodium formate (0.625% W/V, Table 5.7) the cultures failed to

grow. This is in conformation with the observation made by other

workers (17) where higher formic acid concentrations resulted in

greater variations in the ratios of rods and cocci.

Efforts towards improvement of buffer capacity of the medium

with the addition of zinc oxide, citrate, adipate, succinate and

glycerophosphate were also not successful. Zinc oxide resulted in

the formation of coarse granules which were very abrasive and

insoluble in low pH. Citrates and phosphates are reported to be

inhibitory for the growth of lactobacilli (23,24) and S.

thermophilus are unable to utilize citrate (29). Citric acid in

the form of sodium salt at a concentration of 0.375% (Medium 33)

was found to be inhibitory for the growth of rod-coccus cultures

(Table 5.7). However, when citrate was used as anhydrous citric

acid (Medium 56) the cultures showed moderate activity (Table

5.15). Perhaps sodium ion along with citrate make sodium citrate
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deleterious for the growth of rod-coccus cultures.

The pH of most of the commercial starter media for the

cultivation of rod-coccus cultures ranges from 6.1 to 6.5. Lower

starting pH seems to be advantageous for the growth of mixed

cultures. The medium (Medium 25) formulated in our experiment

showed rather high starting pH (6.90). Perhaps this high starting

pH might have adversely affected the growth of some commercial

rod-coccus cultures. Amongst several compounds tested, fumaric

acid proved to be the best ingredient for reducing the starting

pH of the medium. Fumaric acid, just like other organic acids

such as maleic and acetic acids can be used to lower the pH of

fermentation media. Besides, fumaric acid also possesses a weak

affinity for calcium and its calcium binding constant is about

50% that of citric acid (25). Another advantage of fumaric acid

addition is the elimination of the requirement for monoammonium

phosphate in the medium. This resulted in an overall reduction in

phosphate content in the medium. Reduced phosphate contents are

known to enhance milk clotting time and allow faster culture

development (8,15).

The advantages of lower starting pH of the medium are

reflected in the performance of the commercial cultures. Almost

twice as many commercial cultures grew in the medium with lower

starting pH than in medium with higher starting pH (Table 5.13).

The reduction in phosphates did not jeopardize the phage

inhibition property of the medium. Since fumaric acid can chelate

calcium and other divalent cations, reduction in phosphate had no
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visible effect on phage inhibition.

Reconstituted dry whey is known to have an adverse effect on

rod-coccus ratios (21). Hence, milk-based starter medium

containing fumaric acid was developed. This medium, besides being

phage inhibitory, gave marginally higher numbers of

lactobacilli.

Experiments were conducted to establish the optimum levels

of phosphates in whey-based and milk-based media. Whey-based

medium (Table 5.24) was phage inhibitory at lower phosphate level

compared to the milk-based medium (Table 5.26). Milk-based medium

required 0.375% (W/V) more phosphate to have the same level of

phage inhibition. This finding was not unanticipated in that milk

contains twice as much free calcium as cheese whey (33) and hence

requires more phosphate to chelate free calcium. The phosphate

content of these experimental media is lower than that of several

commercial media. Hence, it should be useful for the cultivation

of several rod-coccus combinations having varied degree of

phosphate sensitivity and should be advantageous from the

nutritional stand point as well.

The experimental media are reconstituted with low solids

(9.125% W/V in case of Medium 65 and 8.625% W/V in case of Medium

74) compared to the commercial media. The buffer capacity of

these media (Media 65 and 74) was equal to or slightly better

than that of most commercial media (Figures 5.16, 5.17, and 5.18)

which are generally reconstitued at 12.05% to 13.4% (W/V) solids.

However, none of the media are as highly buffered as
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internally-pH-controlled media (Figure 5.16). Internally-pH-

controlled media (Media 1 and 2) are very poor phage inhibitors.

Perhaps, as Willrett (33) observed, it is not possible to

incorporate both phage inhibition and high acid neutralizing

capacity into a single medium for the cultivation of thermophilic

lactic acid bacteria.

Comparison of whey-based and nonfat milk-based experimental

media with other commercial bulk starter media for the growth and

activities of thermophilic lactic acid cultures in the presence

as well as in the absence of bacteriophages clearly demonstrates

the advantages of new media (Table 5.32). The new media are not

only phage inhibitory but also support the growth of lactobacilli

to a greater degree than other media.

The results of these experiments show the advantages of

newly formulated milk-based and cheese whey-based bulk starter

media for the cultivation of thermophilic lactic acid bacteria.

The new media have several advantages over conventional and

commercial media. One important advantage being its phage

inhibitory property. Bacteriophages active against thermophilic

lactic acid bacteria are more prevalent in industry than it is

thought (14). The production of Italian cheese is becoming more

concentrated, which may eventually lead to greater culture

failures and dead vats. Since there aren't many phage inhibitory

bulk starter media for thermophilic cultures, these new

formulations should be of great help to the dairy industry.

Another distinct advantage of the new formulations is the low
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solids required to achieve the same or better degree of starter

culture activity compared to presently avilable commercial media.

This should bring in substantial savings to the cheese

manufacturer.
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CHAPTER 6

EFFECT OF MAGNESIUM SUPPLEMENTATION OF BULK STARTER MEDIA ON

FERMENTATION BY THERMOPHILIC LACTIC ACID CULTURES

ABSTRACT

The influence of late addition of magnesium hydroxide,

trimagnesium phosphate, manganous sulphate, calcium carbonate and

calcium chloride on cellular growth, activity and stability of

mixed cultures of Streptococcus thermophilus and Lactobacillus

bulgaricus grown in various bulk starter media was examined.

Delayed addition of magnesium hydroxide did not encourage

bacteriophage proliferation. As a neutralizing agent, magnesium

hydroxide was more effective and beneficial than other divalent

cations. Cultures grown in the presence of magnesium hydroxide

showed increased growth, improved activity and retained their

activity longer under refrigerated storage. Benefits of the use

of magnesium hydroxide as a single step neutralizing agent in the

propagation and preservation of thermophilic bulk starter

cultures are discussed.
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INTRODUCTION

Thermophilic lactic cultures used in the manufacture of

Italian cheeses, Swiss cheese and yogurt are composed of selected

strains of Stretococcus thermophilus and Lactobacillus

bulgaricus. Nutritionally, lactic acid cultures are complex group

of bacteria. For example, S. thermophilus requires only two amino

acids, glutamic acid and cysteine for growth. However, in a

calcium free medium most of the strains require additional five

amino acids, valine, glycine, threonine, methionine and

isoleucine for growth (25,26).

Manganese, a divalent cation also is required for growth of

most organisms, including lactic acid bacteria (13). Manganese

accelerates growth and acid production by lactic acid bacteria

(31). The water used for reconstituting bulk starter media

usually contains from 1 to 10 ppm manganese ions. This is known

to promote the growth of L. bulgaricus in fermentation broth

(33).

During aerobic incubation, manganese-containing catalase was

found to help maintain the viability of L. plantarum during the

starvation phase of growth cycle (18). Lactic acid bacteria

demonstrate a certain degree of specificity for the requirement

of manganese. For the growth of L. arabinosus and L. pentosus,

manganese was found essential and the ion could not be replaced

by either magnesium, calcium or strontium ions (22,23). Cations

such as Co 2+ , Fe 2+ and Mg2+ were found to stimulate the growth of
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'greening' lactobacilli, whereas Ca 2+ , Cu2+ and Zn2+ were

inactive (12). It has also been shown that the maximum activity

of B-galactosidase from S. thermophilus was obtained in the

presence of manganese (14).

Stammer et al. (36) demonstrated the requirement for

manganese in case of 63 of the 71 strains of lactic acid bacteria

belonging to Lactobacillus, Leuconostoc and Pediococcus genera.

MacLeod (21) reported that trace amounts of manganese prevent

cellular lysis and that this ion exerts a sparing action on the

magnesium requirement for some lactic acid bacteria.

Divalent cations have been reported to mediate cell division

and separation during cellular growth (15,17). Thermophilic

lactic acid bacteria, especially L. bulgaricus, when propagated

in phosphated milk and in most starter media show poor growth and

altered cellular morphology. This emphasizes the requirement for

divalent cations such as calcium, magnesium and manganese since

these ions are chelated by the phosphates present in the medium.

In the presence of magnesium alone, a strain of L. bulgaricus

grew in long chains of unseparated cells. However, when calcium

or manganese (100 MM to 1 mM) was present in the medium, there

was dechaining of the cells to short bacilloid forms (45,47).

Wright and Klaenhammer (46) demonstrated the benefits of

calcium in preventing freezing death of L. bulgaricus isolates.

But calcium was ineffective in preventing freeze injury. Other

divalent mineral ions such as manganese and magnesium did not

show any protective effects. Thomas and Batt (41) obtained
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considerable extension in survival times of starving S. lactis

cells by adding magnesium ions. This beneficial effect of

magnesium ion has been attributed to its potential action in

reducing toxic effects of certain metal cations (1,23) and its

stabilizing effect, together with sodium and potassium ions, on

ribonucleoprotein in bacterial cells (8,37).

Similar to the requirements of calcium and manganese,

magnesium ions were found essential for the growth of lactic acid

bacteria. Magnesium is known to stimulate the growth of S.

thermophilus and S. lactis (6,25,26).

Bacteriophage contamination of starter cultures is one of

the main causes of starter culture failure during fermented dairy

product manufacture. Multiplication of bacteriophages active

against lactic acid-producing bacterial strains frequently

involves a divalent cation such as calcium in metal dependent

step(s) in their infection cycle (7,10,30,42,48).

Rountree (35) described some phages which required calcium

ions during multiplication of phage genomes in host

staphylococcal cells. In the case of S. lactis phages calcium or

magnesium ions were required for adsorption (9), whereas

coliphage T5 required calcium or magnesium ions for a stage of

penetration (4,20). In L. lactis bacteriophage LL-H, of 10

different divalent cations screened only calcium and magnesium

ions significantly promoted the infectivity of phage LL-H. On the

other hand cadmium was able to decrease the infectivity of phage

LL-H even in the presence of calcium ions (5). Cadmium, being
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highly toxic to humans and animals, is not feasible for use in

medium to make it phage inhibitory (19).

Watanabe and Takesue (42) reported that phage PL-1 active

against L. casei ATCC 27092 requires calcium for infection.

Inhibition of phage-infected cell formation due to the absence of

calcium ions could not be reversed by late addition of calcium

ions. Presence of free calcium in a bulk starter medium below pH

5.0 has not been considered disadvantageous for the growth of

mesophilic lactic acid cultures (27).

Production of lactic acid, the by-product of homo-

fermentative lactic acid bacteria, results in the accumulation of

hydrogen ion in the medium. In non-buffered media, the hydrogen

ion concentration becomes growth-limiting (34). When the medium

is neutralized and maintained above pH 5.0, the population of

lactic streptococci increases (28). Generally, growth media are

neutralized by adding liquid base such as sodium hydroxide,

potassium hydroxide, ammonium hydroxide or calcium hydroxide.

Peebles et al. (28) obtained a two-fold increase in S. cremoris

population when the neutralizing agent was ammonium hydroxide

compared to sodium hydroxide.

In industry, two types of external neutralizations are

followed. One is continuous neutralization where pH is maintained

around 6.0-6.3 by adding liquid or gaseous ammonia. This requires

a pH probe, base delivery system and continuous agitation. A

second method is a single shot neutralization process where the

culture is grown until the pH is lowered to a desired level and
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then the pH is quickly raised to 6.5-7.0 by adding a massive dose

of base. The culture is agitated and further incubated until the

desired pH is attained (32). Among other things, the one step

neutralization process is known to play an important role in

cheesemaking and cheese quality (16). Both these methods of

neutralization have disadvantages. During continuous

neutralization, especially for cultivation of mixed cultures of

L. bulgaricus and S. thermophilus, the rod-coccus ratio might

vary significantly due to a higher pH of the growth medium.

Furthermore, this system of culture production frequently results

in the growth of contaminants, especially coliforms (40,43). In

the one step neutralization process sodium hydroxide often is the

neutralizing agent. Thermophilic lactic acid bacteria are more

sensitive to sodium ions than mesophilic lactic acid bacteria

(32,39).

Since the late addition of calcium ions does not facilitate

phage infection and divalent cations such as calcium and

magnesium are known to increase the growth of thermophilic lactic

acid bacteria, it seemed worthwhile to study the late addition of

magnesium hydroxide to starter media. The effects of the late

magnesium addition on viable rod-coccus populations,

acid-producing activity and phage proliferation are described.
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MATERIALS AND METHODS

Bacterial Cultures: Individual L. bulgaricus and S.

thermophilus cultures were from the culture collection of the

Department of Microbiology at Oregon State University. Cultures

were grown and maintained in sterile reconstituted nonfat dry

milk (Galloway West Co., Fond du Lac, WI.) containing 11% solids.

The milk was autoclaved for 12 min at 121 C. Thermophilic lactic

acid bacteria were grown at 37 C for 12-16 h and then 2-3%

inoculum transferred to fresh sterile reconstituted nonfat milk

and stored at 4 C in the unincubated state. This sequence was

repeated every two weeks (43).

Bacteriophages: Bacteriophages for L. bulgaricus and S.

thermophilus were isolated in our laboratory from whey samples

obtained from Italian cheese plants. Bacteriophages active

against S. thermophilus were carried in M17 broth (38) and those

active against L. bulgaricus in MRS broth (Difco).

Media: The composition of various media used in this study

are listed in Table 6.1.

Pasteurization: The media were prepared by reconstituting

the dry ingredients in cold tap water in one liter reaction

vessels (800 ml working volume) of a Pharmaceutical dissolution

apparatus (Hanson Research Corp., Northridge, CA.) equipped with

overhead variable speed agitator with teflon-coated paddles.

Fermentation vessels were suspended in a circulating water bath
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TABLE 6.1. Composition of the media used.

Medium Composition % W/V

1 Nonfat dry milk 0.545
Cheese whey 5.680
Yeast extract 0.450
Maltrin 0.625
Sodium acetate trihydrate 0.375
Ammonium phosphate dibasic 0.875
Ammonium phosphate monobasic 0.625

2 Commercial phage inhibitory medium 12.300

3 Nonfat milk 11.000

4 Nonfat milk 0.545
Cheese whey 5.680
Yeast extract 0.450
Maltrin 0.625
Ammonium phosphate dibasic 1.250
Ammonium phosphate monobasic 0.250

5 Nonfat milk 0.750
Cheese whey 5.750
Yeast extract 0.500
Maltrin 0.625
Ammonium phosphate dibasic 1.250
Fumaric acid 0.250

6 Commercial medium 12.300

7 Commercial medium 11.250

8 Internally-pH-controlled phosphated medium 9.250
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fitted with two circulating bath heaters (Precision Scientific

Co.). The media were pasteurized at 85-88 C for 45 min, cooled

and maintained at 42+1 C. Media were constantly agitated while

heating and cooling (24,43). Before inoculation samples were

drawn from the pasteurized media to estimate pH and titratable

acidity.

Inoculation: The pasteurized medium in each reaction vessel

was inoculated with 6.0 ml (0.75% V/V) each of S. thermophilus

and L. bulgaricus cultures grown in sterile nonfat milk (11%

solids) at 37 C for 12 h. Whenever bacteriophages were used, the

media were inoculated simultaneously with appropriate phage

suspension. The incubation was at 42+1 C.

Magnesium hydroxide pellets: Magnesium hydroxide pellets

containing two different concentrations of active ingredient were

used (courtesy of Dr. J.W. Ayres, College of Pharmacy). One batch

of pellets contained 94.5% magnesium hydroxide and another batch

95.5%. Carbopol 934 and magnesium stearate were other ingredients

used. Hardness of the pellets was about 15 Kg/Sq cm.

Analyses: To determine initial phage titer, samples were

removed about five minutes after inoculation. Decline in pH of

the media was monitored by sampling every 30-60 min. Once the

cultures reached the required pH, larger samples were removed to

estimate titratable acidity, plate counts, thermophilic activity

and bacteriophage titer.

pH Measurement: The pH was measured using a Corning 125 pH

meter fitted with glass combination electrode and temperature
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compensator.

Titratable Acidity: Nine gram samples were titrated against

0.1N NaOH in the presence of phenolphthalein as indicator to a

faint pink end point. The acidity values are expressed as percent

lactic acid.

Thermophilic Activity: Acid-producing capability of ripened

rod-coccus cultures grown in various media was determined by the

controlled temperature profile (CTP) activity test. Ten

milliliters of pasteurized (62.8 C for 30 min), reconstituted

nonfat dry milk (11% solids) were inoculated with 1% and 2%

cultures in duplicate. The tubes were placed in a water bath (B.

Braun, Thermomix 1480) at 35 C along with an uninoculated control

and held for 60 min. Then the temperature was raised to 38 C for

20 min and to 45 C for additional 10 min. After this increase,

temperature was brought down to 40 C through normal cooling and

held for additional 150 min to simulate cheese making

temperatures (44). At the end of this temperature treatment, pH

of the tubes was recorded and the activity was calculated as

follows:

Thermophilic activity = (pH of control tube average pH of 1%

inoculum) + (pH of control tube - average pH of 2% inoculum).

Bacterial Counts: One milliliter samples were mixed with

99.0 ml cold peptone (Difco. 0.1% W/V) diluent and blended in a

Waring blendor for 2 min to break up the streptococcal chains.

Blended samples were then serially diluted tenfold and plated on

LB and ST agars (11). The plates were incubated at 37 C for 48 h
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in anaerobic GasPak jars (BBL Microbiology Systems, Becton

Dickinson and Co., Cockeyesville, MD.) in a hydrogen plus carbon

dioxide environment. The streptococcal and lactobacilli colonies

were counted separately and reported as colony forming units per

milliliter.

Enumeration of Bacteriophages: Five minutes after

inoculation and at appropriate intervals during incubation, 1.0

ml samples were removed into 9.0 ml cold sterile peptone water

(0.1% W/V) blanks, centrifuged at 10,000 RPM in a refrigerated

centrifuge (Beckman Model J2-21) at 5 C for 15 min and the

supernatant filtered through a 0.45 ,um memberane (Gelman

Sciences, Inc., Ann Arbor, MI). This filtrate was used to test

for the presence of bacteriophages.

The bacteriophage plaques were enumerated by the double agar

layer method as described by Accolas and Spillman (2,3). The

bacteriophages active against S. thermophilus were plated on M17

agar and those active against lactobacilli on MRS medium. The

procedure was as follows: The medium for the bottom agar layer

was prepared with 1.2% agar (W/V). Before pouring, sterile 1M

CaC1
2
.2H

20 solution (1% V/V) was added to the medium and gently

mixed. The top soft agar layer contained either 0.1 ml of fresh

S. thermophilus grown in M17 broth or 0.05 ml of L. bulgaricus

grown in MRS broth for 6 h at 42 C, 0.1 ml of diluted filtrate

(diluted in sterile peptone water) and 0.1 ml of sterile 0.2M

CaC12.2H20 (for cocci) or 25 ma of sterile 1.0M CaC12.2H20 (for

rods). The contents were incubated at 37 C for 15 min and then
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2.5 ml of soft, molten agar media (0.6% agar) held at 50 C was

added, gently mixed and immediately poured into a petridish

containing bottom solidified agar layer. The petridishes were

allowed to dry at room temperature for 2 h and then incubated

right side up at 37 C for 15 h in anaerobic GasPak jars under

hydrogen and carbon dioxide environment.

Spot Assay for Bacteriophage: Bacterial lawn was prepared by

using 6 h old broth culture of host on M17 and MRS media as

described above except for the addition of diluted phage

suspension. After drying of the soft top layer the phage

suspension was spotted with the help of a sterile pasteur pipette

and plates were incubated right side up as above.
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RESULTS

Mixed cultures of L. bulgaricus and S. thermophilus were

grown in Medium 1 in the presence of either L. bulgaricus phage

or S. thermophilus phage without agitation. After 7 h of

incubation, samples were removed to measure pH, activity and

viable counts of bacteria. To three of the reaction vessels,

0.25% (W/V) magnesium hydroxide was added and incubation

continued with agitation. Two and one quarter hours after the

addition of magnesium hydroxide a second set of samples were

removed from all six vessels and analysed. The reults are

presented in Table 6.2. In the presence of magnesium hydroxide,

there was significant increase in the activites of the cultures

but marginal increase in the viable counts of both L. bulgaricus

and S. thermophilus. Bacteriophages, as determined by spot assay,

were present only in vessels inoculated with lactobacilli phage

(Results not shown).

Table 6.3 shows the effect of late addition of magnesium

hydroxide to commercial phage inhibitory medium, nonfat milk and

the experimental medium (Medium 4) on growth of rod-coccus

cultures. In this experiment, media were incubated without

agitation for seven hours; then to three of the vessels a total

of 0.4375% (W/V) magnesium hydroxide was added in 0.0625% (W/V)

quantities at every 30 min interval. Samples were removed at the

end of 7, 9 and 11 h of incubation to record pH and titratable

acidities (Table 6.3). Immediately after the first addition of



TABLE 6.2. Effect of late addition * of magnesium hydroxide to Medium 1 on growth and activities of L. bulgaricus and S.

thermophilus cultures in the presence or absence of their phages.

Treatment Mg(OH)2

7 hours after inoculation 9.25 hours after inoculation

pH TA Activity
CFU per ml (Log)

:Pli TA Activity
CFU per ml (Log)

Rods Cocci Rods Cocci

No Phage No 4.87 1.68 2.65 7.36 8.36 4.58 2.00 2.77 7.61 8.54
Rod Phage No 4.91 1.66 2.84 7.11 8.81 4.70 1.84 2.98 6.90 8.73
Coccus Phage No 4.87 1.66 2.72 7.08 8.55 4.59 1.84 2.88 7.41 8.57
No Phage Yes 4.90 1.56 2.74 7.30 8.63 4.86 2.00 3.43 7.23 8.66
Rod Phage Yes 4.90 1.64 2.87 7.30 8.89 4.91 1.92 3.29 7.36 9.04
Coccus Phage Yes 4.80 1.76 2.73 7.41 8.66 4.82 2.08 3.15 7.58 8.75

* = 7 h after inoculation 0.25% (W/V) magnesium hydroxide was added.

Composition of the medium is given in TABLE 6.1.

TA = Titratable acidity as percent lactic acid.



TABLE 6.3. Effect of late addition* of magnesium hydroxide to various starter media on the

growth of rod-coccus cultures as determined by pH and titratable acidity.

Medium Mg(OH)2

Before
inoculation

7 h after
inoculation

9 h after

inoculation
11 h after

inoculation
pH TA pH TA pH TA pH TA

2 No 6.49 0.70 3.97 1.58 3.78 1.76 3.76 1.82

3 No 6.47 0.20 3.87 1.04 3.68 1.20 3.61 1.30

4 No 6.87 0.74 4.89 1.58 4.30 1.82 4.06 2.12

2 Yes 6.49 0.72 3.97 1.56 4.70 1.54 4.47 1.62

3 Yes 6.47 0.20 3.85 1.08 4.38 0.94 4.22 0.96

4 Yes 6.88 0.78 5.10 1.44 4.93 1.80 5.23 2.00

* = Starting 7 h after inoculation, a total of 0.4375% (W/V) magnesium hydroxide was added in

0.0625% (W/V) quantities at 30 min intervals.

Media compositions are presented in TABLE 6.1.

TA = Titratable acidity as percent lactic acid.
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magnesium hydroxide the pH of the media increased and remained

above 4.2 throughout the incubation period. In the case of media

2 and 3, increase in incubation time did not result in increased

titratable acidity.

Results of the effect of late addition of magnesium

hydroxide on thermophilic activities of S. thermophilus and L.

bulgaricus cultures grown in different starter media are

presented in Table 6.4. All three media containing magnesium

hydroxide showed increased activity at the end of 11 h of

incubation. In the case of nonfat milk (Medium3), in the presence

of magnesium hydroxide there was slight decrease in activity with

increase in incubation time and significant decrease in the

absence of magnesium hydroxide. In the absence of neutralizing

agent, all media showed decreasing activity with increasing

incubation time.

Table 6.5 shows the effect of late addition of neutralizing

agent such as magnesium hydroxide on the viable counts of

rod-coccus cultures grown in three different bulk starter media.

In the presence of magnesium hydroxide, all media showed a one to

two log increase in lactobacilli population. Though the ratio of

rods to cocci was almost same at the end of 11 h of incubation in

the presence as well as in the absence of magnesium hydroxide,

the cultures grown in the presence of magnesium hydroxide were

more active (Table 6.4). In the presence of magnesium, increase

in percent lactobacilli was mainly due to increase in population

of rods. In the absence of magnesium hydroxide increase in
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TABLE 6.4. Effect of late addition
*
of magnesium hydroxide on

thermophilic activities of rod-coccus cultures grown in

various media.

Thermophilic activities at the end of
Medium Mg(OH)2 7 hours 9 hours 11 hours

2 No 2.15 1.98 1.90

3 No 2.33 1.98 1.80

4 No 2.55 2.25 2.35

2 Yes 1.96 1.96 2.05

3 Yes 2.32 2.20 2.26

4 Yes 2.83 2.95 3.16

* = Starting 7 h after inoculation, a total of 0.4375% (W/V)

magnesium hydroxide was added in 0.0625% (W/V) quantities at 30 min

intervals.

Compositions of media are given in TABLE 6.1.



TABLE 6.5. Effect of late addition
*

of magnesium hydroxide on viable counts of mixed cultures of L.

bulgaricus and S. thermophilus grown in various bulk starter media.

Colony Forming Units per ml (Log)

Medium Mg(OH)2
7 hours 9 hours 11 hours Percent Lactobacilli

Rods Cocci Rods Cocci Rods Cocci 7 h 9 h 11 h

2 No 7.11 8.66 7.53 8.74 7.82 8.67 2.7 5.7 12.5

3 No 6.79 8.84 7.38 8.90 8.08 8.08 0.9 2.9 50.0

4 No 6.47 8.50 7.84 8.63 8.00 8.44 0.9 13.8 35.7

2 Yes 7.04 8.71 7.82 8.56 8.34 8.47 2.1 15.3 42.3

3 Yes 6.91 8.86 7.66 8.89 8.77 8.87 1.1 5.6 44.3

4 Yes 6.28 8.60 7.55 8.70 8.36 8.65 0.5 6.7 33.8

* = Starting 7 h after inoculation, a total of 0.4375% (W/V) magnesium hydroxide was added in

0.0625% (W/V) quantities at 30 min intervals.

Media compositions are given in TABLE 6.1.
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percent lactobacilli could be attributed to both increase in

lactobacilli and decrease in streptococcal populations.

To determine whether or not the late addition of other

divalent ions such as manganese and calcium have similar

beneficial effects on rod-coccus growth, manganous sulphate,

calcium carbonate and calcium chloride were added along with

magnesium hydroxide and trimagnesium phosphate to Medium 5 in the

presence of bacteriophages active against both cultures. The

results are presented in Table 6.6. Starting 2 h after

inoculation, 0.0625% (W/V) magnesium hydroxide, 0.094% (W/V)

trimagnesium phosphate, 0.08% (W/V) manganous sulphate

monohydrate, 0.065% (W/V) calcium carbonate or 0.096% (W/V)

calcium chloride dihydrate were added at every 1 h interval. A

total of 4 additions were made. Cultures grown in the control

medium were slightly more active than those grown in the presence

of divalent mineral salts. In the presence of calcium carbonate

and calcium chloride, there was slight reduction in the activity

of the cultures, likely due to phage activity.

In all of the previous experiments, magnesium hydroxide was

incorporated into the medium in the powder form. This manner of

use may not be practical in industrial situations. To overcome

this, magnesium hydroxide pellets were prepared so that they

could be added either prior to the pasteurization or along with

the inoculum. Dissolution of one batch of magnesium hydroxide

pellets during pasteurization was studied. Results are presented

in Table 6.7. Tap water and nonfat milk (Medium 3) were found to



TABLE 6.6. Late addition* of calcium, manganese and magnesium salts on growth and activities of

rod-coccus cultures in the presence of their phages.

Treatment

Magnesium hydroxide

Magnesium phosphate

Manganous sulphate

Calcium carbonate

Calcium chloride

Control (No addition)

2 h after
inoculation 4 h after inoculation 6 h after inoculation

pH pH TA Activity pH TA Activity

6.09 4.89 1.32 3.60

6.06 4.68 1.38 3.54

6.08 6.67 1.26 3.24

6.05 4.70 1.34 2.91

6.05 4.45 1.40 2.86

6.06 4.52 1.42 3.58

4.59 1.92 3.31

4.35 2.00 3.27

4.27 1.56 3.14

4.40 1.74 2.71

4.10 1.80 2.84

4.14 1.80 3.38

* = Starting 2 h after inoculation a total of 0.25% (W/V) magnesium hydroxide, 0.376% (W/V)

trimagnesium phosphate, 0.32% (W/V) manganous sulphate monohydrate, 0.26% (W/V) calcium carbonate or

0.384% (W/V) calcium chloride dihydrate were added in 4 equal portions at 1 h interval.

Composition of Medium 5 is given in TABLE 6.1.

TA = Titratable acidity as percent lactic acid.

Except for control, starting 2 h after inoculation all media were constantly agitated.
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TABLE 6.7. Dissolution of magnesium hydroxide pellets during

pasteurization and its effect on pH of starter media.

Wt of magnesium hydroxide pellets (g)
Medium

I
Before After

3 6.87 0.92 0.68

4 6.84 0.88 0.84

Tap water 7.57 0.90 0.74

3 6.60

4 6.81

Tap water 8.15

Media compositions are given in TABLE 6.1.
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be more destructive to the integrity of the pellets. Dissolution

of magnesium pellets resulted in a substantial increase in pH of

nonfat milk medium.

Subjecting magnesium hydroxide pellets to pasteurization

resulted in the release of some amount of magnesium hydroxide

into the medium. The effect of this release on the activities of

rod-coccus cultures and proliferation of phage was studied.

Results are presented in Tables 6.8 and 6.9. To two of the

vessels 0.125% (W/V) magnesium hydroxide and 0.1875% (W/V)

trimagnesium phosphate were added to simulate the pellet

disintegration. Starting 3 h after inoculation, a total of 0.375%

(W/V) magnesium hydroxide or 0.75% (W/V) trimagnesium phosphate

(except to the control vessel) were added in three equal

installments at one-hour intervals. From the results it can be

seen that, the presence of magnesium at initial stages in the

medium encouraged proliferation of S. thermophilus phage.

Activities of cultures grown in these media were very low.

Whereas, the medium (Medium 5) to which magnesium was added late

during the incubation yielded highly active cells. Delayed

addition of magnesium hydroxide also allowed an increase in

population of both S. thermophilus and L. bulgaricus with

increase in incubation time. Growth of S. thermophilus in Medium

8, which contained magnesium hydroxide as internal buffer, and in

Medium 5 supplemented with either magnesium hydroxide or

trimagnesium phosphate was very poor, indicating active

proliferation of the phage.



TABLE 6.8. Effect of initial and delayed* addition of magnesium hydroxide and trimagnesium phosphate on growth and activities of rod-coccus

cultures in the presence of phage active against S. thermophilus.

Before
inoculation

4 hours after inoculation 8 hours after inoculation
CFU per ml (Log) Percent CFU per ml (Log) Percent

Medium Treatment 21 TA 2N TA Activity Rods Cocci Rods 211 TA Activity Rods Cocci Rods

2 D 6.38 0.66 4.74 1.18 2.40 6.99 8.41 3.7 4.22 1.70 2.43 7.41 8.61 5.9

5 Control 6.27 0.88 4.45 1.44 3.01 6.98 8.32 4.3 3.98 1.86 2.12 7.08 7.62 22.2

5 0.125% H 6.49 0.70 5.31 1.40 1.38 7.76 6.46 95.2 4.98 2.10 1.05 8.08 5.00 >99.9

5 0.1875% P 6.33 0.82 4.85 1.78 1.22 7.49 7.92 26.9 4.22 2.50 0.47 6.41 7.85 3.5

5 D 6.27 0.88 4.80 1.42 2.97 7.04 8.63 2.5 4.40 1.94 3.36 7.20 8.76 2.7

8 Control 6.16 0.96 5.46 1.70 1.20 7.38 (5.00 >99.0 4.28 2.64 1.23 7.44 5.00 99.6

Media compositions are given TABLE 6.1.

TA Titratable acidity as percent lactic acid.

D Only delayed addition of magnesium hydroxide.

H Magnesium hydroxide.

P Trimagnesium phosphate.

* Starting 3 h after inoculation a total of 0.375% (W/V) magnesium hydroxide or 0.75% (W/V) trimagnesium phosphate were added in three

equal instalments at 1 h interval.
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TABLE 6.9. Effect of initial and delayed
*
addition of magnesium

hydroxide and trimagnesium phosphate on the

proliferation of bacteriophage active against S.

thermophilus cultures.

Medium Treatment
Plaque Forming Units per ml (Log) at

0 h 4 h 6 h 8 h

2 D 4.20 3.66 3.75 2.70

5 Control 4.43 2.60 2.00 <2.00

5 0.125% H 4.30 7.30 7.47 7.47

5 0.1875% P 4.30 6.30 6.23 6.17

5 D 4.32 3.49 2.60 <2.00

8 Control 4.34 7.08 7.00 6.38

Media compositions are given in TABLE 6.1.

D = Only delayed addition of magnesium hydroxide.

H = Magnesium hydroxide.

P = Trimagnesium phosphate.

* = Starting 3 h after inoculation a total of 0.375% (W/V)

magnesium hydroxide or 0.75% (W/V) trimagnesium phosphate were

added in three equal instalments at 1 h interval.
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Since the addition of magnesium hydroxide prior to

pasteurization did not prevent phage proliferation, the effect of

addition of the pellets during inoculation on growth and

activities of rod-coccus cultures and the proliferation of phage

active against S. thermophilus was evaluated. Results are

presented in Tables 6.10, 6.11 and 6.12. Addition of magnesium

hydroxide pellets resulted in a slight increase in the pH of

starter media (Table 6.10), indicating disintegration of the

pellets. Starting 3 h after inoculation, media containing

magnesium hydroxide were constantly agitated. The sharp decrease

in pH in Medium 2 even in the presence of magnesium hydroxide was

not anticipated. With the increase in incubation time, there were

decreases in activities of the cultures (Table 6.11). In all

media, except Medium 6 with magnesium hydroxide, there were

gradual decreases in phage titer. Addition of magnesium hydroxide

also resulted in increased viable counts (Table 6.12).

The effect of the addition of magnesium hydroxide on the

ability of cultures to retain their activity on storage at

refrigeration temperature (2-5 C) was studied. Results are

presented in Table 6.13. In this experiment magnesium hydroxide

was added in the form of pellets during inoculation. Media were

agitated starting 3 h after inoculation. Results showed the

improved activities of the cultures in the presence of magnesium.

Storage at refrigeration temperature did not affect either pH or

titratable acidities of the cultures.
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TABLE 6.10. Effect of the addition of magnesium hydroxide pellets

on pH and titratable acidities of some starter media.

Medium Mg(OH)2 (g) TA

2 2.94

.P_L{

6.49 0.70

2 6.40 0.68

5 3.05 6.58 0.82

5 6.27 0.96

6 3.13 6.39 0.74

6 6.06 0.88

Media compositions are given in TABLE 6.1.

TA = Titratable acidity as percent lactic acid.



TABLE 6.11. Growth of rod-coccus cultures in starter media containing magnesium hydroxide pellets.

Medium Mg(OH)2
4 h after inoculation 6 h after inoculation 8 h after inoculation

2L1 TA Activity pH TA Activity pH TA Activity

2 Yes 4.48 1.54 3.50 4.11 1.68 3.31 3.98 1.92 2.76

5 No 4.94 1.44 3.61 4.50 1.70 3.47 4.38 2.06 2.87

5 Yes 4.45 1.32 2.25 4.23 1.38 2.32 4.18 1.48 2.39

6 Yes 4.51 1.40 1.88 4.20 1.72 1.91 4.10 1.74 1.83

6 No 4.28 1.48 2.38 3.77 1.70 2.53 3.60 1.80 2.82

Compositions of the media are given in TABLE 6.1.

TA = Titratable acidity as percent lactic acid.



TABLE 6.12. Addition of magnesium hydroxide pellets on the growth of rod-coccus cultures and proliferation of bacteriophage active against

S. thermophilus cultures.

4 h after inoculation 6 h after inoculation 8 h after inoculation
CFU per ml (Log) percent CFU per ml (Log) Percent CFU per ml (Log) Percent PFU per ml (Log)

Medium Mg(OH)2 Rods Cocci Rods Rods Cocci Rods Rods Cocci Rods Oh4h6h8 h
2 Yes 7.51 8.50 9.3 7.95 8.51 21.4 7.92 8.11 39.2 4.00 2.00 <2.00 <2.00
5 No 7.70 9.04 4.4 7.74 8.88 6.7 7.60 8.75 6.7 4.08 2.84 <2.00 <2.00
5 Yes 7.50 8.88 4.0 7.58 8.85 5.1 7.55 8.71 6.5 4.11 2.47 <2.00 <2.00
6 Yes 8.14 8.76 19.7 8.57 8.53 52.1 8.60 8.61 49.4 4.11 4.78 4.53 2.78
6 No 8.28 8.11 59.4 8.20 8.23 48.5 8.69 8.14 78.1 4.11 2.47 2.00 <2.00

Compositions of media are given in TABLE 6.1.



TABLE 6.13. Effect of the addition of magnesium hydroxide on thermophilic activities of hold-over rod-coccus cultures

grown in various starter media.

Medium Mg(OH)2(g)
0 Days 1 Day 3 Days 5 Days

21L1 TA Activity 2H TA Activity 2H TA Activity 2E TA Activity

2 0.0 4.38 1.24 2.68 4.46 1.30 2.56 4.41 1.36 2.44 4.44 1.14 2.06

3 0.0 4.48 0.74 2.75 4.41 0.68 3.17 4.40 0.74 2.71 4.48 0.76 2.73

5 0.0 4.39 1.54 3.47 4.43 1.64 3.32 4.48 1.30 2.91 4.54 1.68 2.60

6 0.0 4.20 1.46 2.75 4.30 1.48 2.68 4.22 1.48 2.57 4.25 1.50 2.42

7 0.0 4.08 0.96 2.98 4.07 1.02 2.98 4.08 1.04 2.33 4.10 1.00 1.97

2 4.17 4.43 1.60 3.27 4.50 1.56 3.30 4.45 1.64 3.16 4.45 1.60 2.96

3 4.18 4.75 0.66 2.62 4.81 0.68 3.01 4.88 0.70 2.69 4.93 0.70 2.71

5 4.19 4.49 1.78 2.98 4.51 1.92 3.12 4.52 1.88 2.84 4.60 1.74 2.60

6 4.17 4.48 1.34 3.18 4.45 1.42 3.13 4.42 1.50 3.10 4.40 1.52 2.96

7 4.18 4.63 0.88 3.66 4.57 0.92 3.85 4.58 0.94 3.55 4.68 0.90 3.55

Compositions of media are given in TABLE 6.1.

TA = Titratable acidity as percent lactic acid.
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Figure 6.1 shows the thermophilic activities of cultures

grown in different media in the absence of magnesium hydroxide

and stored at 2 to 5 C for five days. Activities of cultures

gradually decreased upon storage. Cultures grown in Medium 7

showed sharper decrease in activity than those grown in other

media. Nonfat milk (Medium 3) grown cultures showed an increase

in activity between 0 and 1 day and then a gradual decrease, with

5 day old cultures having almost the same activity as 0 day old

cultures.

In the presence of magnesium hydroxide, decrease in activity

of culture upon storage was much less (Fig. 6.2). Medium 7, which

promoted a sharp decrease in activity in the absence of

magnesium, practically had no change in its activity in the

presence of magnesium.

Table 6.14. shows the viable counts of rod-coccus bacteria

grown in the presence or absence of magnesium hydroxide and

stored at 2 to 5 C. In the absence of magnesium hydroxide, there

was decrease in both lactobacilli and streptococcal counts. In

the presence of magnesium hydroxide there was either an increase

in viable counts or no change between 0 and 3 days. Cultures

grown in the presence of magnesium hydroxide had a better

rod-coccus balance as compared to those grown in the absence of

magnesium hydroxide.
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FIGURE 6.1. Thermophilic activities of hold-over rod-coccus

cultures grown in the absence of magnesium hydroxide in

various bulk starter media.
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FIGURE 6.2. Thermophilic activities of hold-over rod-coccus

cultures grown in the presence of magnesium hydroxide

in various bulk starter media.



TABLE 6.14. Viable counts of rod-coccus cultures grown in the presence as well as in the absence of magnesium hydroxide in various starter

media.

In the absence of magnesium hydroxide In the presence of magnesium hydroxide
0 Days 1 Day 3 Days 0 Days 1 Day 3 Days

Medium Rods Cocci %Rods Rods Cocci %Rods Rods Cocci %Rods Rods Cocci %Rods Rods Cocci %Rods Rods Cocci %Rods

2 7.53 8.34 13.4 7.36 8.46 7.3 7.66 8.25 20.3 7.30 8.82 2.9 7.88 8.97 7.6 7.66 8.99 4.5

3 8.14 8.82 17.5 7.44 8.32 11.8 7.50 8.61 7.2 7.74 8.50 14.7 7.55 8.34 14.1 7.77 8.70 10.4

5 7.34 8.61 5.1 7.44 8.49 8.3 6.90 8.55 2.2 7.44 8.40 10.1 7.76 8.54 14.0 7.67 8.46 13.9

6 8.14 8.41 35.0 7.74 8.28 22.7 7.91 8.14 36.9 8.20 8.46 35.5 8.34 8.30 52.4 8.23 8.30 45.9

7 8.25 8.47 37.5 7.49 8.36 11.9 7.65 8.04 29.0 8.55 8.83 34.6 7.74 8.30 21.9 8.04 8.53 24.4

Compositions of media are given in TABLE 6.1.

Viable counts of rods and cocci are expressed in Log numbers.
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DISCUSSION

Divalent cations such as magnesium, calcium and manganese

have beneficial effects on cellular growth and survivability of

cells under adverse conditions such as starvation (29,41,45). It

also is known that these divalent metal ions play a crucial role

in bacteriophage multiplication. However, Watanabe and Takesue

(42) showed that in the absence of readily available divalent

cations, the requirement of cations for phage multiplication

could not be met by incorporating them into the medium at later

stages of incubation. Similarly, in the present study, late

addition of magnesium in the form of magnesium hydroxide to the

starter medium did not increase phage activity; cultures grown in

media supplemented with magnesium added late had good activity.

Neutralization of lactic acid produced in bulk starter media

either by continuous or one step neutralization increases the

cell population (32,43). Sodium hydroxide, ammonium hydroxide,

potassium hydroxide and calcium hydroxide are commonly used

neutralizing agents. However, increase in cell population in

externally neutralized media is to some extent dependent upon the

type of neutralizing agent. Peebles et al. (28) showed that using

ammonium hydroxide as neutralizing agent instead of sodium

hydroxide, resulted in a two-fold increase in the population of

S. cremoris. Use of sodium hydroxide as neutralizing agent for

the growth of thermophilic lactic acid bacteria may be more

damaging than its use in the growth of mesophilic lactic
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cultures, since mesophilic cultures are less sensitive to sodium

ions than thermophilic cultures (39). Also, ammonium hydroxide,

another commonly used base, does not have any nutritional value,

while magnesium hydroxide, in addition to being a neutralizing

agent, plays an important role in the nutrition of lactic acid

bacteria. Magnesium is an important trace element in bacterial

nutrition (6,25,26,41,45).

Beneficial effects of the addition of magnesium, especially

the late addition of magnesium to the fermentation medium, were

clearly demonstrated by the increased activity and storability of

mature cultures. Advantages of late addition also were reflected

in the failure of bacteriophages to multiply in such fermentation

medium.

Addition of neutralizing agent such as magnesium hydroxide

in the form of pellets or as encapsulated bodies may not seem

commercially feasible. One possible negative effect of this type

of addition would be unequal distribution of the neutralizing

agent in dry blends of the medium. This would be particularly

important if the neutralizing agents were incorporated into the

medium prior to pasteurization. If added after pasteurization or

during inoculation, then the pellets and/or encapsulated

materials would need to be prepared and preserved under aseptic

conditions. Another disadvantage of this form of neutralization

could be variable rates of release of the active ingredient.

Prevention of unused pellets and encapsulated materials from

coming in contact with cheese milk could prove difficult.
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Although, calcium and manganese ions also are important for

bacterial growth, late addition of these ions did not improve

culture growth or acid-producing activity. Perhaps, thermophilic

bacteriophages can utilize calcium more effectively than

magnesium and hence lower activities were obtained in media

containing calcium carbonate or calcium chloride.

Results presented in this study clearly demonstrate the

advantages of late addition of magnesium hydroxide to

thermophilic lactic acid cultures grown in commercial bulk

starter media. Such addition of magnesium hydroxide also

contributed to improved hold-over activites of the cultures

raised in these media.

Since the late addition of magnesium as magnesium hydroxide

results in improvements in cell numbers, activity, storability

(hold-over activity) and bacteriophage resistance, perhaps it

could successfully be used as neutralizing agent in preparing

bulk starter cultures by the one step neutralization method.

Furthermore, more research clearly is needed to develop suitable

release systems of this neutralizing agent in starter media. Such

a release system should protect the magnesium hydroxide from

release during media pasteurization and allow its release late in

culture growth in response to acid production. Such studies are

now in progress.
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CHAPTER 7

PROTEOLYTIC ACTIVITY OF THERMOPRILIC LACTIC ACID BACTERIA

ABSTRACT

Proteolytic activities of nine strains of Streptococcus

thermophilus and nine strains of Lactobacillus bulgaricus

cultures incubated in reconstituted nonfat milk at 42 C as single

and mixed cultures were studied. Lactobacilli showed strong

proteolytic activity as measured by tyrosine liberation. Mixed

cultures, with the exception of one combination, liberated more

tyrosine than the sum of the individual cultures. Mixtures also

resulted in lower pH values. Of 81 combinations of L. bulgaricus

and S. thermophilus cultures, only one combination was less

proteolytic than the corresponding L. bulgaricus strain in single

culture.
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INTRODUCTION

Starter bacteria are added to milk primarily to ferment

lactose to lactic acid. These bacteria must possess very limited

diversity in order to produce fermented milk products with

acceptable organoleptic characteristics. The bacterial growth

depends on the adequate supplies of suitable sources of nitrogen

and carbon. If the starter organisms possess a lactose

hydrolysing enzyme, the carbon source is not limiting. However,

this is not so with respect to the nitrogen source because free

amino acids and peptides are present only to a limited degree in

milk (74). Starter bacteria have limited biosynthetic

capabilities and so they require most amino acids for growth. Two

essential features of lactic acid bacteria used as starters must

therefore be that they possess an efficient proteolytic system

enabling them to grow to high cell densities, and that they have

the ability to ferment lactose rapidly to lactic acid. Since, the

quantities of free amino acids and peptides present in milk are

below the minimum for rapid growth of starter bacteria to high

cell densities, a complement of proteinases and peptidases is

essential for degradation of milk protein (41,73).

Although the lactic acid bacteria are weakly proteolytic

compared to many other groups of bacteria such as Bacillus,

Proteus, Pseudomonas and coliforms (21,36), they do cause a

significant degree of proteolysis in many fermented dairy

products (72). However, the proteolytic abilities of lactic acid
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bacteria are species and strain dependent. The highest

proteolytic activity is possessed by Lactobacillus helveticus, L.

bulgaricus and L. acidophilus of the thermobacteria group,

followed by L. casei of the streptobacterial group and then the

group N streptococci (61). Streptococcus thermophilus is only

weakly proteolytic compared to S. cremoris (41,73). Thus in

thermophilic starter cultures, S. thermophilus is always combined

with one or several members of aminopeptidase producing

lactobacilli such as L. helveticus, L. bulgaricus and/or L.

lactis (1,2,3,67,73). Though S. thermophilus cells contain both

cellbound proteinase (65) and intra cellular peptidases (18,57)

the proteinase has a lower activity than the proteinase of

mesophilic streptococci or L. bulgaricus. Hence, the growth of S.

thermophilus in milk is limited by the availability of suitable

nitrogen sources (41).

The proteolytic activity of L. bulgaricus has been studied

from the point of view of its action on milk protein substrates

(50,55,64). The importance of the proteolytic activity of L.

bulgaricus with respect to its synergistic relationship with S.

thermophilus in mixed starter cultures is well documented (4,25,

43,49,58,61,78).

Thermophilic starter bacteria used in the manufacture of

yogurt, Italian and Swiss type cheeses are mixtures of S.

thermophilus and one or more species of lactobacilli. Inclusion

of S. thermophilus in Cheddar cheese starters also has been

considered (20,34,75). If such mixtures are used in the
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manufacturing process, increased acid production as a consequence

of proteolysis will likely impact cheese flavor, texture and

final composition (41).

Acidification of the curd due to lactic acid production by

starters is an essential stage in manufacture of cooked hard

cheeses (46). If the activity of the starters isn't optimum, the

cheese will not drain properly and favourable temperatures might

promote undesirable secondary fermentations (30). Cheese

undergoes a series of complex sequential changes during ripening

which are caused by milk proteinases, milk-clotting enzymes,

lactic starter cultures and adventitious bacteria (26). The

effects of the milk proteinases on cheese yield, cheese ripening

and cheese flavour differ in importance for different cheeses

(32). Hence, depending on the type of product, proteolysis plays

a major role in determining the rheological properties of cheese.

It also is responsible for producing flavour compounds and aroma

precursors which are modified by chemical or microbial reactions

to provide the ripened cheese its typical organoleptic

characteristics (5).

Amino acids liberated during the maturation of Cheddar and

Gouda cheeses are reported to be the result of the proteolytic

activities of starter bacteria (33,35,52,62,79,80,81). The

contribution of these starter bacteria to proteolysis varies in

relative significance to the extent to which the secondary flora

produce their own proteinases and peptidases during cheese

ripening. Furthermore, microbial proteolysis is superimposed on
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the action of chymosin (36). The most important role of starter

proteinases and peptidases appears to be the degradation of large

rennet derived peptides to produce small peptides and amino acids

(36,51).

Biede and coworkers (11,12) found that increasing the amount

of L. bulgaricus in Swiss cheese manufacturing resulted in

increased proteolysis and flavour intensity. In other fermented

milk products such as yogurt, proteolysis by starter bacteria

resulted in about a 50 percent increase in soluble non-protein

nitrogen (13). However, Moon and Reinhold (47) found no increases

in free amino acids either in single or mixed cultures of S.

thermophilus and L. bulgaricus in milk medium. Gouda cheese made

with heat shocked and freeze shocked lactobacilli possessed more

intense flavor and was less bitter. Whereas the addition of whole

cells of L. helveticus leads to the development of off-flavors

during ripening (6,7).

The proteolytic enzymes of L. bulgaricus degrade casein with

the liberation of low molecular weight peptides and amino acids.

The amino acids arising from this proteolytic activity have been

identified as specific growth stimulants for S. thermophilus

(8,54). On the other hand, the proteolytic enzymes of S.

thermophilus attack only peptides which originate from intact

casein (56,76)

Important factors known to influence the proteolytic

activity of lactic acid bacteria are pH, temperature, stage of

growth and strain variations (14,24,61).
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Proteolytic activities of starter bacteria may also have

some adverse effects on fermented milk products. The proteinases

of the group N streptococci have been implicated in bitter

flavors in hard and semi-hard cheeses (36,38,39,45). In yogurt,

the production of bitter peptides has been attributed to the

proteolysis by L. bulgaricus during storage (63). Auclair and

Accolas (5) reported a direct link between the proteolytic

actvity of the thermophilic starter used and the late "opening"

or gas defect in Emmental cheese. This was due to the mixed

starter cultures containing L. helveticus, which are more

proteolytic, and hence favor secondary fermentations than those

starter cultures containing L. lactis strains (37). Hence, the

choice of thermophilic lactic starters used for the production of

Emmental cheese should take into account not only the production

of acid but also the proteolytic activities of the combined

strains (5).

Considering the importance of proteolysis by lactic acid

starter bacteria, especially the thermophiles, it is surprising

that more is not known about the phenomenon in single and mixed

starter cultures. This paper reports on the proteolytic

activities of L. bulgaricus and S. thermophilus during pure

culture and associative growth in reconstituted nonfat milk.
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MATERIALS AND METHODS

Cultures: The microorganisms used in this study were from

the culture collection of the Department of Microbiology at

Oregon State University. Cultures were grown and maintained in

sterile reconstituted nonfat dry milk (Galloway West Co. Fond du

Lac, WI.) containing 11% solids (W/W). The milk was autoclaved

for 12 min at 121 C. Thermophilic lactic acid bacteria were grown

at 37 C for 12-16 h and then 2-3% inoculum transferred to fresh

sterile reconstituted nonfat milk and stored at 4 C in the

unincubated state. This sequence was repeated once in two weeks.

Incubation: Reconstituted nonfat milk (11% W/W) in 100 ml

quantities was pasteurized at 62 C for 30 min in a water bath.

This milk was inoculated with 2.0 ml Streptococcus thermophilus

or 2.0 ml Lactobacillus bulgaricus cultures grown in sterile

nonfat milk for 12 h at 37 C. For mixed culture studies each 100

ml quantities of pasteurized milk was inoculated with 1.0 ml each

of S. thermophilus and L. bulgaricus cultures. After inoculation

the contents were thoroughly mixed and incubated at 42 C in

circulating water bath (B.Braun, Thermomix 1480) for 4 h. At the

end of incubation, samples were removed to measure pH,

proteolytic activity, and bacterial population.

OH Measurement: The pH was measured using a Corning 125 pH

meter fitted with a glass combination electrode and temperature

compensator.



242

Proteolysis: The proteolytic activities of the cultures were

determined spectrophotometrically (Perkin-Elmer Spectrophotometer

Model 35) according to the procedure described by Hull (31) as

modified by Citti et al. (16), using Folin-Ciocalteau reagent

(Sigma Chemical Co.). This method detects the free tyrosine and

tryptophan liberated in the reaction mixture. Knowing the

relative amounts of these two amino acids in milk, it is belived

that, about 80 percent of the blue color development in the test

is due to tyrosine while the remaining 20 percent is due to

tryptophan (71). In this study the proteolytic activity of the

cultures are reported as ug tyrosine released per ml of fermented

milk.

Bacterial Counts: One milliliter samples were mixed with

99.0 ml cold peptone (Difco, 0.1% W/W) diluent and blended in a

waring blendor for about 2 min to breakup the streptococcal

chains (82). Blended samples were then serially diluted ten fold

and spread plated on LB agar. The composition of the medium was:

1.0% Tryptone, 0.5% yeast extract, 2.0% glucose, 0.2% K2HPO4,

1.0% beef extract, 4.0% filtered tomato juice, 0.1% Tween 80, and

2.0% agar in distilled water (W/W). The pH was adjusted to 6.8

and then 8.0% (V/V) acetate buffer was added and the medium

autoclaved at 121 C for 15 min. The buffer contained 113.55 g

sodium acetate and 9.90 g acetic acid per liter (19).
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Plates were incubated for 48 h at 37 C in anaerobic GasPak

jars (BBL Microbiology Systems, Becton Dickinson and Co.,

Cockeysville, MD.) in a hydrogen plus carbon dioxide environment.

The streptococcal and lactobacilli colonies were differentiated

based on their morphology (58,82).
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RESULTS

The standard tyrosine curve was prepared by adding various

amounts of tyrosine (Sigma Chemical Co.) to a series of test

tubes. The concentrations of tyrosine in the final aliquot are

given in micrograms of tyrosine per milliliter. The tyrosine

standard curve is presented in Figure 7.1.

After 4 h of incubation at 42 C, the proteolytic activities

of S. thermophilus cultures were measured and recorded as ug

tyrosine liberated per ml fermented milk (Figure 7.2). The amount

of tyrosine released due to the proteolytic activities of S.
.....

thermophilus cultures varies from 2.4 µg /ml in the case of S.

thermophilus CR15 to 14.8 meml in the case of S. thermophilus

ROP.

The proteolytic activities of nine strains of L. bulgaricus

are presented in Fig. 7.3. The amount of tyrosine released by

these bacteria range from 61.0 mg/m1 in case of L. bulgaricus Y

to 144.6 µg /ml in L. bulgaricus ROP. The amount of tyrosine

released by a weakly proteolytic Lactobacillus strain was four

times more than the amount released by a strongly proteolytic

streptococcal strain.

The results of pH measurements of single L. bulgaricus and

S. thermophilus cultures are presented in Table 7.1. In general

S. thermophilus cultures had higher pH values than the L.

bulgaricus cultures.
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FIGURE 7.1. Spectrophotometric measurement of color produced from

tyrosine and phenol reagent.
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FIGURE 7.2. Proteolytic activities of S. thermophilus cultures

incubated in reconstituted nonfat milk for 4 h at 42 C.
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FIGURE 7.3. Proteolytic activities of L. bulgaricus cultures

incubated in reconstituted nonfat milk at 42 C for 4 h.
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TABLE 7.1. pH of L. bulgaricus and S. thermophilus cultures grown in

pasteurized nonfat milk for 4 h at 42 C.

L. bulgaricus PH S. thermophilus

CR14 5.63 CH3

_PI

6.05

R2 5.74 CR14 5.89

Y 5.81 CR15 6.03

ROP 5.58 CR5 5.85

R1 5.84 R2 5.82

OLY 5.86 404G 6.02

R39 5.89 R39 5.80

CR5 5.85 ROP 5.81

CH3 5.91 RI 5.89
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Table 7.2 shows the proteolytic activities of L. bulgaricus

and S. thermophilus strains in mixed culture. The amount of

tyrosine liberated as a result of proteolytic activities of 81

combinations of rod-coccus cultures ranged from 92.6,44/m1 in the

case of S. thermophilus CH3 plus L. bulgaricus CR14 to 419.9

pg/m1 in the case of S. thermophilus R2 plus L. bulgaricus CH3.

The amount of tyrosine released by the mixed cultures was always

greater than the sum of the corresponding single cultures, except

in the case of the L. bulgaricus CR14 plus S. thermophilus CH3

combination where it was substantially lower than that observed

for L. bulgaricus CR14 alone.

The pH of the mixed cultures was measured at the end of the

incubation period. Results are presented in Table 7.3. Again the

combination of L. bulgaricus CR14 plus S. thermophilus CH3 had a

higher pH than any other combination. Two of the S. thermophilus

strains namely S. thermophilus R39 and S. thermophilus R1 in

combination with L. bulgaricus CH3 gave the lowest pH recorded

(4.20).

Table 7.4 gives the results of growth and proteolytic

activities of three strains of L. bulgaricus and three strains of

S. thermophilus grown as mixed cultures in pasteurized

reconstituted nonfat milk over 4 h at 42 C. The pH, tyrosine and

bacterial counts were determined at two-hour intervals.



TABLE 7.2. Proteolytic activities of mixed cultures of L. bulgaricus and S. thermophilus incubated at 42 C for 4 h in
nonfat milk.

Amount Tyrosine liberated (micrograms per milliliter)
Streptococcus thermophilus

CH3 CR14 CR15 CR5 R2 404C R39 ROP RI
Lactobacillus bulgaricus

OLY 261.7 275.4 323.9 290.1 308.2 325.0 285.7 273.7 293.8

ROP 164.1 183.5 197.0 204.1 217.5 215.7 200.2 187.0 223.6

CR14 92.6 150.7 148.2 137.1 150.7 157.9 135.9 121.6 161.0

CR5 262.5 301.4 313.3 293.8 331.7 344.8 296.6 313.3 317.5

CH3 349.7 349.7 338.7 392.3 419.9 387.5 374.0 285.7 364.2
RI 173.8 189.1 114.3 189.1 209.8 205.8 221.1 156.6 257.2

R2 255.7 289.2 277.1 292.0 310.2 283.0 251.2 272.1 268.0

R39 237.2 270.5 262.5 162.8 239.9 240.6 277.9 208.6 277.9
Y 208.1 216.3 221.7 222.4 260.2 213.9 177.6 178.6 223.6



TABLE 7.3. Reduction in pH by mixed cultures of L.

for 4 h at 42 C.

bulgaricus and S. thermophilus grown in pasteurized nonfat milk

L. bulgaricus
CH3 CR14 CR15

Streptococcus thermophils

R39 ROP RICR5 R2 404G

OLY 4.24 4.31 4.29 4.36 4.34 4.37 4.29 4.25 4.31
ROP 4.83 4.75 4.63 4.71 4.72 4.61 4.63 4.58 4.66
CR14 5.15 4.84 4.81 5.08 4.88 4.85 4.85 5.09 4.83
CR5 4.29 4.26 4.37 4.38 4.32 4.42 4.33 4.23 4.22
CH3 4.23 4.21 4.25 4.30 4.30 4.32 4.20 4.27 4.20
RI 4.40 4.59 4.70 4.58 4.54 4.48 4.40 4.65 4.35
R2 4.32 4.28 4.33 4.52 4.40 4.40 4.37 4.37 4.35
R39 4.37 4.35 4.42 4.66 4.52 4.55 4.38 4.38 4.39
Y 4.36 4.45 4.44 4.51 4.50 4.46 4.46 4.42 4.43



TABLE 7.4. Growth and proteolytic activities of mixed cultures of L. bulgaricus and S. thermophilus cultures incubated

in pasteurized nonfat milk medium at 42 C for 4 h.

Colony Forming Units per ml
Lactobacilli Streptococci

pH Tyrosine (ug/ml) 0 h 2 h 4 h 0 h 4 h 6 hCulture Oh 2h 4 it 0 it 2 h 4 it (X106) (X106) (X107) (X106) (i107) (X108)

LB RI + ST CR15 6.60 6.22 5.27 0.0 11.5 52.9 1.60 5.5 1.5 3.70 8.1 7.0
LB CR14 + ST CR14 6.60 6.06 5.09 0.0 29.6 117.8 3.40 8.0 1.0 4.40 8.2 10.0
LB CH3 + ST CH3 6.60 6.10 4.82 0.0 8.1 140.2 0.63 9.0 13.0 0.57 8.7 6.2

LB = Lactobacillus bulgaricus

ST = Streptococcus thermophilus
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DISCUSSION

Thermophilic lactic starters contain S. thermophilus and one

or more of the lactobacilli cultures namely L. bulgaricus, L.

helveticus, and/or L. lactis. Streptococcus thermophilus and L.

bulgaricus are fairly well studied as individual cultures.

However, their associative growth has been studied only to a

limited degree (59).

Although S. thermophilus has been shown to attack 1s1 and p

caseins (26), its proteinase activity seems to be limited. The

proteolytic activity of this culture was found to be weaker than

that observed in mesophilic lactic acid bacteria (73). However,

S. thermophilus is known to have peptidase activity and can

hydrolyse the intermediate products of casein hydrolysis by L.

bulgaricus (15,56,77).

The amounts of tyrosine liberated as a result of proteolytic

activity by S. thermophilus cultures (Fig. 7.2) are in agreement

with the values observed by other investigators (9,44). Beyatli

and Tunail (9) reported 0.02-0.1 mg tyrosine/ml in S.

thermophilus grown milk cultures. These variations among S.

thermophilus strains are not uncommon. Strains of S.

thermophilus, though homogeneous with regard to guanine-cytosine

content of the DNA (53) and electrophoretic properties of

proteins (28), are heterogeneous for other characteristics such

as response to industrial B-galactosidase (27) and specific

activities of enzymes (29).
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Hemme et al. (30) found varied responses in proteolytic

activity by strains of S. thermophilus upon addition of

lactobacilli extracts. The authors were of the opinion that these

and other important strain differences could not be detected by

studying the usual physiological and biochemical characteristics

such as growth temperature, carbohydrate fermentation pattern,

etc.

From Fig. 7.3 it can be seen that the proteolytic activity

of L. bulgaricus cultures as indicated by the amount tyrosine

liberated is much higher than that of S. thermophilus cultures.

Lactobacillus bulgaricus is known to have the ability to

hydrolyse casein and is more proteolytic than most other lactic

acid bacteria (10,40,60,70). The proteolytic activity of

lactobacilli is known to result in high levels of free amino

acids (43).

Singh et al. (69) observed high proteolytic activity in case

of both parent and nitrosoguanidine mutants of L. bulgaricus and

L. casei. Three hundred and fifty micrograms of tyrosine per gram

of curd by the parent strain and 550-690 pg tyrosine per gram of

curd by a gamma irradiation induced mutant of L. bulgaricus, are

higher than the values obtained in our studies (68). This

discrepency is probably due to the variations in incubation time

and temperature. Singh and Ranganathan (68) incubated their

cultures for 24 hr at 37 C whereas our cultures were incubated

for 4 hr at 42 C. The proteolytic activities of L. bulgaricus

cultures also seem to be strain dependent.
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The pH of single strains of L. bulgaricus and S.....

thermophilus cultures in pasteurized reconstituted nonfat milk

incubated for 4 h at 42 C (Table 7.1.) is quite variable. The

variation between strains of both L. bulgaricus and S._...

thermophilus however is much less compared to the variation in

tyrosine values (Figs. 7.1 and 7.2).

Martley (42) observed a pH range of 5.75 to 4.9 in the case

of S. thermophilus cultures and 4.4 to 6.0 for L. bulgaricus

cultures after 5 hours of incubation. In this experiment the

author used reconstituted nonfat milk sterilized at 121 C for 15

min. This heat treatment is known to produce protein by-products

which support the growth of lactic acid bacteria to a greater

extent than the less severely heat treated milk used in our work.

Perhaps this could be the reason for higher pH values (less

growth) observed in our experiments.

The tyrosine liberated by mixed cultures of L. bulgaricus

and S. thermophilus revealed a great range of proteolytic

activity (Table 7.2). Highest amounts of tyrosine (419.9pg/m1)

were liberated by L. bulgaricus CH3 plus S. thermophilus R2

combination and the lowest (92.6 Ag/m1) by L. bulgaricus CR14

plus S. thermophilus CH3. The tyrosine liberated by the latter

combination is lower than that of the corresponding lactobacilli

strains grown alone (Fig. 7.3). This is probably due to the

inhibition of L. bulgaricus by the streptococcus culture. Moon

and Reinbold (48,49) also observed inhibition in some

combinations of rod-coccus cultures. Lactobacillus bulgaricus
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CH3, though moderately proteolytic in single culture (69.8 Alg

tyrosine/ml), liberated consistently large amounts of tyrosine

when incubated with eight of the nine S. thermophilus strains,

the exception being S. thermophilus ROP. Lactobacillus bulgaricus

CR14, though highly proteolytic in single culture, showed limited

proteolytic activity in mixed culture.

High tyrosine values in mixed cultures were primarily the

result of the synergistic relationship known to exist between

these two organisms. Lactobacilli, being more proteolytic, play

an important role in stimulating streptococcal growth. Extracts

of L. bulgaricus cultures are known to have moderate

aminopeptidase activity (23,66). Besides the intact cells, these

extracts also stimulate the growth of S. thermophilus cultures.

This stimulation is attributed to the specific nature of

proteolysis rather than the total proteolytic activity (30,76).

From the pH results with mixed cultures (Table 7.3), it

could be seen that these values were lower than those observed

for the single cultures (Table 7.1). This observation is in

accordance with results reported by other investigators

(10,49,73). The lowest pH value of 4.20 was observed in two

combinations of rod-coccus cultures. For most of the combinations

there seems to be a relation between pH and tyrosine values.

Amongst other things, the proteolysis by lactic acid bacteria is

known to be affected by pH variations and temperture (14,17,61).

However, Dutta et al. (22) found no relationship between

incubation temperature and proteolytic activity.
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With an increase in incubation time there was an increase in

tyrosine and bacterial counts and a decrease in pH as expected

(Table 7.4). The decline in pH in the L. bulgaricus CH3 plus S.

thermophilus CH3 combination was sharpest compared to two other

combinations. Throughout the incubation period there was an

increase in bacterial population. At any given time period

(except at 0 h) the streptococci were always higher in number

than the lactobacilli. This is probably because S. thermophilus

is a better competitor than L. bulgaricus for limiting nutrients

(49). The most intense proteolysis is known to occur during the

log phase of bacterial growth (4,24,40,44). The sharp increase in

tyrosine observed between 2 h and 4 h further confirms this

observation.

Results presented show that the proteolytic activity of

thermophilic lactic acid bacteria is an important growth

determinant. The behavior of L. bulgaricus and S. thermophilus

strains in mixed culture is more important to a dairy processor

engaged in manufacture of yogurt and Italian and Swiss type

cheeses than the behavior of these bacteria in single cultures.

Since the adverse effects of proteolysis in both yogurt and

cheese is well documented, it is undoubtedly worthwhile to

determine this character in mixed cultures before randomly

combining rod-coccus strains to manfacture the product.
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