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A survey was conducted of six North American cheese plants to

determine levels of bacteriophages present. Fifty-nine lactic strepto-

coccal host bacterial strains were utilized in the survey. Phage levels

were generally lower in plants employing modern manufacturing techniques

than in plants employing traditional manufacturing techniques; this

difference was attributed to the Streptococcus lactis strains in the

group. A majority of the phage insensitive strains were the same for

all plants; no correlation was found between phage sensitivity and acid

producing ability.

The insensitive strains from the survey were characterized as to

acid-producing ability, lysogeny and campatability for growth in

mixtures. These strains were used in formulating multiple strain

starter cultures of six strains which were used successfully on a

commercial basis in two cheese plants. Variability in cheesemaking

caused by instability of starter activity was considerably reduced by

the ability to intelligently manipulate strains in the starter. Manipu-

lation was made possible by monitoring starter activity and phage

development patterns in each plant.



The feasibility of direct addition of whey to a multiple strain bulk

starter culture to continuously select for phage tolerant strains for

use in Cheddar cheese manufacture was also investigated. A simulated

cheesemaking test was used to estimate starter performance in the

factory environment. Fluctuations in starter performance indicated

that direct whey addition produced starter that was not suitably stable

for Cheddar cheese manufacture.

Results demonstrated the successful use of phage-insensitive strains

of lactic streptococci in formulating improved multiple strain starters

for Cheddar cheese manufacture in the United States.
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SELECTION OF PHAGE INSENSITIVE LACTIC STREPTOCOCCAL STRAINS

FOR USE IN CHEDDAR CHEESE MANUFACTURE

CHAPTER I

INTRODUCTION

Bacteriophage infection is the primary cause of starter failure

during Cheddar cheese manufacture since the contaminating viruses cause

retardation of acid production. A majority of the investigations in

dairy microbiology, since the discovery of bacteriophages for lactic

streptotocci by Whitehead (21), have concerned economic losses due to

phage-inhibited starters. Improvements in growth media and starter

technology and in prevention of phage contamination have partially

improved the stability of starters (8,15,17).

Starter technology has centered around contamination control and

use of frozen concentrates, lyophilized cultures and direct set cultures

have minimized storage and transportation problems by centralizing

starter preparation (7,8,16). Preventative methods also have included

the introduction of mechanized manufacturing processes which allow less

open air and manual contact during cheesemaking (17,18).

There have been several attempts to classify isolated phages

according to host ranges and the host strains by their phage sensitivi-

ties (1,5,7,19). This has prompted the formulation of starter cultures

containing strains unrelated in phage sensitivity. However, individual

strains of lactic streptococci are heterogenetic and new phages constantly
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appear in the factory environment (7,12). The discovery of modification

and restriction systems in the streptococci has provided a partial

explanation for the rapidity with which these new phages emerge (8,12).

Most cheese plants in the United States rely on a rotation of mixed

strain starters of unknown identity for product manufacture. Elsewhere,

single strains, phage resistant, and multiple strain starters of known

composition have been used either exclusively or in rotation (7).

Direct whey addition to bulk starters, in violation of normal aseptic

procedures, is used in lactic acid casein manufacture to continuously

select for phage tolerant strains (20).

The use of phage resistant strains in cheesemaking, with a few

exceptions (6,10,13), has been unsuccessful. Recently, however, the

selection technique for obtaining these mutants has been improved and

the procedure has had a successful but limited commercial exposure

(A. R. Huggins, Ph.D thesis, Oregon State University, Corvallis, Oregon)

The New Zealand starter system employing known strains in a multiple

strain culture has been the most successful method of those mentioned;

multiple strain starters afford more phage protection and are generally

faster than single strain starters (9,11). It has been recommended that

strains be selected on the basis of lysogeny, acid-producing ability,

compatibility and phage sensitivity to insure maximum acid production

and phage tolerance (2,3,4,9,14).

It has been the intent of this investigation to improve upon the

starter technology currently in existence in this country. Initially, a

survey of cheese plants was undertaken to determine levels of phages
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detectable in plants varying in degree of modernization of manufacturing

equipment. It was also our intent to determine whether or not phage

insensitivity was dependent only on the phage environment or if certain

strains were more phage tolerant than others. These phage tolerant

strains were then used in formulating a multiple strain starter culture

that was used exclusively in commercial operations. The applicability

of direct whey addition to Cheddar cheese starter cultures, as it is

used in casein manufacture, was also investigated.
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ABSTRACT

Fifty-nine lactic streptococcal host strains were used in a survey

for bacteriophages (phages) in North American Cheddar cheese plants.

Comparisons between geographical location and manufacturing methods

were made to determine their influence on phage incidence. A majority

of the phage insensitive strains were constant for all plants; sensitive

strains varied between geographically different plants. Phage levels

in a plant employing modern manufacturing techniques with closed

('double 0') vats were lower than in plants equipped with traditional

open horizontal vats; this difference in phage levels was mainly due to

phage sensitivity of S. lactis strains; phage levels for S. cremoris

strains did not vary between the different types of plants. The

relationship between phage sensitivity and rate of acid producing

ability (fast versus slow strains) was investigated; no significant

correlation was found.
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INTRODUCTION

Bacteriophages for lactic streptococci have long been recognized

as the major cause of starter failure in the Cheddar cheese industry.

Since phages were identified as a problem by Whitehead (22), there have

been many investigations into starter manipulations and manufacturing

methods designed to curtail economic losses due to bacteriophage

contamination (12,16). Most of the published investigations have

concerned characterization of phages, their host range relationships,

manipulation of starters, and the evaluation of sanitation procedures;

little has been written about the influence of manufacturing techniques.

Recently, traditional 'hands on' cheesemaking has been replaced by

more mechanized methods (17,11,12). The introduction of these new

techniques has lead to the demand for cheese starters that are consistant,

fast acid producers in an effort to reduce make times (13). In this

communication the level of phages in several cheese plants differing

in geographical location and manufacturing methods was investigated in

order to establish the effectiveness of current technology in reducing

phage levels. The behavior of fast and slow strains of lactic strepto-

cocci in various plant environments as well as the relationship between

phage sensitivity and acid producing ability also was investigated.

Since the development of an improved phage assay technique (17,20), it

was felt that a better assessment of the true impact which phages have

on Cheddar cheese manufacture could be made.
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MATERIALS AND METHODS

Fifty-nine lactic streptococcal strains were used in the survey of

cheese plants; all were obtained from the Oregon State University

Department of Microbiology collection. The strains used included

Streptococcus cremoris A2, A4, AM1, AM2, AM3, B2, B3, BK5, BR4, Cl, C2,

C3, C13, D2, D3, D4, KH, H2, LP23, ML1, P2, P3, R1, R6, SK11-G, Scl,

US3, TR, Z8, 107/6, 108, 146H, 158, 166, 222, 223, 224, 256, 266, 316,

799 and 865; and Streptococcus lactis Al, A3, Bl, C, D1, F2D2, H1, ML2,

ML3, ML8-f, P1, SK4, S1E and 01. Twenty-five additional S. cremoris

strains were used when investigating the host ranges of phages isolated

from plants. These included strains 281, 282, 283, 284, 286, 287, 288,

289A, 289C, 290A, 290C, 291, 292, 31N, 32, 32N, 221, 222A, 223A, 224A,

226, 227, 229, 230 and 231.

Cultures were maintained either in sterile reconstituted nonfat

milk (NFM, 11 percent solids) or in M17 broth (20). In NFM, cultures

were grown at 21 C for 16 to 18 h, transferred into fresh NFM and stored

unincubated at 5 C; the cultures were transferred weekly. When cultures

were propogated in M17 broth, incubation was at 30 C for 16 h.

Whey Collection and Assay

Whey was obtained from Cheddar cheese plants by plant personnel and

received via postal service. Upon arrival, whey was centrifuged at

6,000 rpm for 20 min, filter sterilized and stored at 5 C until use.

Whey was assayed for phage via the plaque assay technique as

described by Terzaghi and Sandine (20). One drop of 1.0 M CaCL2, 0.1 ml

of filter sterilized whey, 0.2 ml of M17-grown host and 3.0 ml of M17
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semi-solid agar (0.5 percent) were mixed together and overlayed onto

prepoured M17 agar plates (1.0 percent). Plates were incubated at 30 C

for 24 h and examined for evidence of plaque formation. For comparison

between plants, the following evaluation of plaque assay results was

adopted. Plates showing fewer than 100 plaques were given a rating of

one; plates demonstrating individual plaques numbering 100 or greater

were given a rating of two and plates showing semi or total confluent

lysis were given a rating of three. Plates demonstrating no visible

plaques were given a rating of zero.

Phage Preparation and Assay

Phages were collected from two of the cheese plants included in the

study, one plant represented traditional manufacturing methods, the

other modern techniques. Phages were obtained from plaque assays of

whey samples and isolated according to the method described by Terzaghi

and Sandine (20). Phage were identified by strain on which isolated and

designated by small letter characters. Host ranges of phages isolated

from both plants were determined by the spot assay technique described

by Huggins and Sandine (9); phage stocks were diluted to 10
-4

before

spotting.

Activity of Strains

Acid-producing ability of strains was evaluated using a temperature

profile simulating Cheddar cheese manufacture (Pearce test) described

by Pearce (15) and Heap and Lawrence (5). The activity test for each

strain was run in triplicate; tubes were cooled immediately, held over-

night at 5 C and pH values recorded and averaged. An uninoculated
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control tube was included and the decrease in pH during the Pearce test

detetermined for each strain.

A second activity test was used to rate overall acid-producing

ability. Tubes of sterile NFM (10 ml) were inoculated (2 percent) and

incubated at 21 C. Strains producing a coagulum in 18 h were considered

fast and those not producing coagulum in 18 h were considered slow with

regard to acid producing ability.

Cheese Plants Included in Study

Whey for the geographical examination of plants was obtained from

plants located in Washington, Idaho, Oregon, Wyoming and Canada. These

included: Tillamook County Creamery Association, Tillamook, Oregon;

Dairygold, Chehalis, Washington; Dairymen's Creamery Association,

Caldwell, Idaho; Wards Cheese, Richfield, Idaho; Star Valley Cheese,

Star Valley, Wyoming; and The Granby Agricultural Cooperative, Granby,

Quebec, Canada. The plants chosen to compare phage environments in

modern versus traditional plants were the Tillamook cheese plant with

open vats, manual addition of starter and manual cheddaring and trans-

portation of curd from cheddaring tables, representing traditional

manufacture; and Dairymen's Creamery Association, Dairygold and Granby

Agricultural Cooperative which utilize Double '0' vats, automatic

cheddaring machines and no manual handling of either starter or curd

representing modern manufacturing methods.

Statistical Methods

Correlation between independent variables was determined by both

parametric and nonparametric methods according to Snedecor and Cochran
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(18). The sample correlation coefficient r was determined by the

X
1
X
2

equation: r =
2 2

where x
1
and x

2
are the deviation from

(K
1

)
2
)

the means of each member of the sample populations of the variables

X1 and X2. The rank correlation coefficient r
s
was determined by the

same equation. Correlation coefficients were tested at the five and

one percent levels of significance (18).
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RESULTS

Geographical 'Survey

Whey from six plants differing in geographical locations was

assayed against the 59 lactic streptococcal strains; one plant from

each of the following locales, Oregon, Washington, Wyoming and Canada,

and two from Idaho were included in the survey. Table 1 illustrates

the phage levels in each of the plants. The number of strains showing

phage does not appear to differ significantly between geographical

locations, nor does the number of strains showing various levels of

phage differ between plants. In order to determine whether the same

strains were being attacked in most of the plants, the frequency of

phage appearance in the six plants for each of the strains was determined

and recorded as the percentage of the plants which demonstrated phages

attacking the individual strain. Twenty-one of the strains were not

attacked by phages in any plant (Figure 1). The rest of the strains

were attacked by phages in one (17 percent) to all six (100 percent) of

the plants. All frequencies (percentages of plants containing phage)

are represented by a number of strains indicating that the group of

sensitive strains varied from plant to plant, while the group of

insensitive strains appeared more consistant for the group of plants

(Figure 1).

Phage Levels in Modern Versus Traditional Plants

Whey samples were collected (aver a period of approximately two

years) from a plant using traditional manufacturing methods and from
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plants employing modern methods. A total of ten whey samples were

examined from the traditional plant and a total of nine whey samples

from the modern plant. The results obtained in the survey can be seen

in Table 2. When all 59 strains were considered together, there was a

significant difference between the number of strains showing confluent

lysis (15 percent in the modern plants and 28 percent in the traditional)

and the number of strains appearing insensitive to phages (62 percent

in the modern plants and 51 in the traditional). There was no difference

between plants in regards to phage levels recorded as one or two (Table

2) regardless of considering all 59 strains together or in subgroups

separated according to species or activity in NFM. When slow strains or

S. cremoris strains were considered separately, there was no significant

difference in the number of strains showing confluent lysis and the

number of strains appearing to be insensitive between plants with

different manufacturing methods. However, a significant difference in

these two phage levels was observed when S. lactis strains or fast

strains were considered separately. When S. lactis strains were

considered alone, 49 percent showed confluent lysis in the traditional

plant, compared to only 13 percent in modern factories; in the

traditional plant only 28 percent of the strains showed no plaque

formation compared to 53 percent in modern factories. When fast strains

were considered alone, 33 percent in the traditional plant, but only

16 percent in modern plants showed confluent lysis. Upon separating

the strains into subgroups of fast S. lactis, fast S. cremoris, slow

S. lactis and slow S. cremoris strains, it was found that the S. lactis
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strains were responsible for the difference in phage levels seen in the

two types of manufacturing methods. Both fast and slow groups of

S. lactis contained higher percentages of strains showing confluent

lysis, 48 and 25 percent respectively, and lower percentages of

insensitive strains, 20 and 52 percent respectively, in the traditional

factory; in modern plants, 16 and 6 percent revealed confluent lysis

and 59 and 78 percent respectively showed no lysis. On the other hand,

both fast and slow S. cremoris strains had similar phage levels in

both types of plants, although the fast strains showed slightly higher

phage levels for both plants.

Phage Sensitivities and Host Ranges

In order to obtain more insight into actual strain-phage relation-

ship differences between plants, these relationships were examined in

more depth. Thirty-two phages were isolated from whey obtained from

the traditional plant and 18 phages were isolated from a modern plant

(Idaho 1). The phage sensitivities of the 59 strains included in the

survey as well as for an additional 25 S. cremoris strains can be seen

in Tables 3 and 4. No attempt was made to classify strains according

to sensitivities or phages according to host ranges. Strains appeared

to behave similarily in each plant; a strain attacked by many phages in

one plant also showed a similar degree of sensitivity to phages

isolated from the other plant. Strain 31N, however, was an exception

since none of the phages from the Idaho plant attacked it while seven

of those isolated from the Oregon plant did, although phages were

isolated from the Idaho plant with similar host ranges. Strain E8
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behaved in a similar fashion; it was attacked by one phage isolated

from the Idaho plant and by nine phages from the Oregon plant. Strains

E8 and 31N shared sensitivity to three identical phages.

Phages with similar or identical host ranges were found in both

plants. Phages were found in the Oregon plant (traditional) for every

strain except one that was attacked by phages in the Idaho plant

(modern). The exception, strain LP23, was sensitive to a very small

phage present in whey from the Idaho plant that produced an irregular

plaque. No differences were seen in plaque morphologies of phages

isolated from the two different plants.

Correlation of Phage Sensitivity and Strain Activity

Observations made during the factory survey suggested that a

correlation might exist between acid producing ability and relative

phage sensitivity. The collection of 29 strains used in the survey

were subjected to the Pearce activity test and the drop in pH recorded

as an indication of acid-producing ability. Phage sensitivity was

determined as the total number of phages from the collection of 40

obtained from whey from the Oregon and Idaho plants that produced a

zone of lysis in spot assays. The variation in pH change for all 59

strains was.normal in distribution, however the variation in phage

sensitivity was not. Both parametric and nonparametric methods of

determining correlation were applied to the 59 strains; only non-

parametric methods were used when strains were sub-grouped as species.

The parametric correlation coefficient r (0.199) for all 59 strains was

not significant at either the 5 or one percent level; the nonparametric
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rank correlation coefficient rs (0.3227) was significant at the 5

percent level (0.273) but not at the one percent level (0.354). When

only S. lactis strains were considered, rs (0.419) was not significant

at either the five percent (0.514) or one percent (0.641) levels. This

also was true when the S. cremoris strains were considered separately;

r
s

(0.303) was not significant at either the five percent (0.304) or

one percent (0.393) levels.
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DISCUSSION

Overall phage levels in cheese plants did not appear to differ

with geographical location; Terzaghi in New Zealand reported similar

findings (19). However differences were seen when the frequency of

phage attack in the group of plants surveyed was considered for

individual strains (Figure 1). It has been found that the host ranges

of phages in any particular plant is dependent upon two variables, the

origin of phages in the plant and the contribution of starter cultures

to the phage population through phage carrying or modification and

restriction characteristics (7, 10, 12, 14). Since the original source

of lactic phages is undetermined (12) and the influence of starter

cultures is well documented (2, 6, 12), the differences seen,for the

frequency of phage appearance for individual strains is largely due to

the starter history of the particular plant. It is interesting to note

that a majority of the insensitive strains were the same for any given

plant. This supports the recent suggestion that strains specifically

selected for phage insensitivity are less likely to be attacked by

phage in any plant environment, and consequently provide more stable

starter cultures (3, 5).

It is evident (Table 2) that modern manufacturing techniques

reduce phage levels in cheese plants. When the group of strains used

in the survey was divided into subgroups based on species and activity

it became apparent that the S. lactis strains were responsible for the

difference in phage levels between plants differing in degree of
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sophistication of manufacturing methods. This finding is consistant

with the belief that S. lactis strains are generally more sensitive

to phage than S. cremoris strains (16). The effects of improved

manufacturing methods is much less impressive when only S. cremoris

strains are considered. Since starter cultures consist largely of

S. cremoris strains, it is doubtful that modern manufacturing

techniques are as helpful in reducing phage contamination as is

generally believed.

It is evident that the use of an improved phage assay technique

(20) has demonstrated a distressingly high level of phage in both

modern and traditional Cheddar cheese plants. When selecting strains

for use in cheesemaking, it can be expected that between 40 or 50

percent of those strains will be sensitive to the phage present in a

particular plant at any one time. If the plant is monitored for phage

levels over a period of time, phages will appear for a number of strains

initially appearing insensitive (3). These findings provide further

insight into the difficulties experienced in formulating starter

cultures that remain phage insensitive (4).

Phages demonstrating similar host ranges were found in each type

of plant. Phage typing and characterization of strains has been

adequately dealt with elsewhere and will not be discussed here (1, 2,

8, 19).

Data in Table 2 indicated that there might be a positive

correlation between phage sensitivity and acid producing ability in
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strains of lactic streptococci. However, when an experiment was

designed to examine this possibility, no significant correlation was

found. When all strains were considered together, a nonparametric

test indicated significance at the five percent level, however, the

margin of error in nonparametric statistics is greater and the

parametric test, which did not indicate significance at the five

percent level, is most likely more valid (Dr. D. R. Thomas, Department

of Statistics, Oregon State University, Corvallis, Oregon, personal

communication). This hypothesis of non-significance is supported by

the fact that no significant correlation was evident with a non-

parametric test when S. lactis and S. cremoris strains were considered

separately, and is consistent with previous visual observations (14).

These findings should be reassuring, in view of recent suggestions that

the most desirable starter cultures are phage insensitive or resistant

S. cremoris strains that are relatively fast with regards to acid

producing ability (4, 13).

It is evident that the impact of lactic bacteriophages on starter

strains is extensive, and that this creates a significant obstacle

when formulating starter cultures.
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Table 1. Numbers of strains showing various levels of phages in
geographically different plants,

Phage
Level Oregone Idaho 1 Washington Canada Idaho 2 Wyoming

3
a

17 9 17 8 4 11

2
b

3 6 4 7 13 7

1
c

4 10 5 6 4 2

0
d

35 34 33 38 38 39

a
semi-confluent or confluent lysis

b
100 or greater than 100 plaques

c
less than 100 plaques

d
no plaques

e
total of 59 strains examined for phage in each plant
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Table 2. Percentage of strains demonstrating various levels
of phage in modern and traditional plants.

All strains
Me
Tf

S. lactis only
M
T

S. cremoris only
M
T

Fast strains only
M
T

Slow strains only
M
T

Fast S. lactis strains
M
T

Slow S. lactis strains
M
T

Fast S. cremoris strains
M
T

Slow S. cremoris strains
M
T

Phage Level

Oa 1
b

2
c

3
d

62

51

53
28

13
12

18

5

10
9

16

18

15
28

13

49

65 11 8 16

60 15 5 20

50 15 10 16

46 12 9 33

66 9 11 14

60 12 9 19

44 16 17 12

20 7 11 48

78 11 6 6

52 4 0 25

70 14 6 19

64 16 8 22

65 9 11 15

59 13 10 19

a
no plaques

b
less than 100 plaques
c100 or greater than 100 plaques
d
semi-confluent or confluent lysis

e
modern plant

(traditional plants
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Table 3. Relationships between strains and phages isolated from
Oregon plant.

Phages
Strain al a2 a3 aml am3 bl b2 br4 c c2 c3 dla dlb e8 f2d2

Al + + +

A2 + +

A3

A4

AM1

AM2

AM3

B1

B2 + +

B3

BK5

BR4

Cl

C2

C3 + + + +

C13

Dl + +

D2

D3

D4

88 + +

F2D2 + + +
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Table 3. continued

Phages
Strain kha khb hl h2 m4 m12a m12b m13 m18-f pl p2 rl scl us3 166 316

Al

A2

A3

A4

AMI

AM2

AM3 + + +

BI

B2

B3

BK5

BR4

Cl

C2

C3 + + + +

C13

Dl

D2

D3

D4

E8 + + +

F2D2
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Table 3. continued

Phages

Strain al a2 a3 aml am3 bl b2 br4 c c2 c3 dla dlb e8 f2d2

KH

H1

H2

LP23

M4 + + + +

ML1

ML2 + + +

ML3 + +

ML8

ML8-f

P1

P2

P3

R1 + +

R6

SK4

Scl + + + +

S1E

US3 +

TR

Z8

01

107/6

108
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Table 3 continued

Phages

Strain kha khb hl h2 m4 m12a m12b m13 m18-f pl p2 rl scl us3 166 316

KH

H1

H2

Lp23

+ +

M4 + + + + + +

ML1

ML2 + + +

ML3

+ +

ML8-f + +

P1 + +

P2 + + .

P3 + +

R1 + + + +

R6

SK4 + +

Scl + + + + + +

S1E

US3 + + +

TR

Z8

01

107/6

108

+ + +



32

Table 3. continued

Phages
Strain al a2 a3 aml am3 bl b2 br4 c c2 c3 dla dlb e8 f2d2

146H

158

166 +

222

223

224

256

266

316

799

865

SK11G

281

282

283

284 +

286

287

288 + +

289A

289C +

290A

290C +

291

292 +
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Table 3.

Strain

continued

Phages
kha khb hl h2 m4 m12a m12b m13 m18-f pl p2 rl scl us3 166 316

146H +

158

166 +

222

223

224

256

266

316

799

865

SK11-G

281 + +

282 +

283 +

284 + +

286

287 + + + + +

288 + + +

289A

289C + + + +

290A

290C

291 + + +

292 + + + + +
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Table 3. continued

Phages
Strain al a2 a3 ami am3 bl b2 br4 c c2 c3 dla dlb e8 f2d2

31N

32

32N

221 + +

222A

223A +

224A +

226

227

229

230

231
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Table 3. continued

Phages
Strain kh

a b
kh. hl h2 m4 m12

a
m121, m13 m18-f pl p2 rl scl us3 166 316

31N + + +

32 + +

32N +

221 +

222A

223A +

224A + + + + +

226

227

229 + + + + +

230 + +

231 +
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Table 4. Relationships between strains and phages isolated from
Idaho 1 plant.

Phages

Strain al a2 a3 aml br4 c c3 dl f2d2 kh hl h2 1p23 m4 mll

Al +

A2

A3

A4

AM1

AM2 +

Bl

B2

B3

BK5

BR4

Cl

C2

C3 + + + + + + + + +

C13

DL + +

D2

D3

D4

E8

F2D2 + + +
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Table 4. continued

Phages
Strains m12 m13 m18-f rl scl us3 166

Al

A2

A3

A4

AM1

AM2

AM3

B1

B2

B3

BK5

BR4

C

Cl

C2

C3 + + + +

C13

D1

D2

D3

D4

E8

F2D2



Table 4. continued

38

Phages
Strain al a2 a3 and br4 c c3 dl f2d2 kh hi h2 1p23 m4 mll

KH + + + + + +

R1 + +

H2 + +

LP23

M4 + + + + + + + +

lel
ML2 + + + + + +

ML3

ML8

ML8-f

P1

P2

P3

R1 + + + + + + + +

R6

SK4

Sc! + + +

S1E

US3 + +

TR

Z8

01

107/6

108
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Table 4. continued

Phages
Strains m12 m13 m18-f rl scl us3 166

KH

H1

H2 + + +

LP23

M4 + + + +

ML1

ML2 + + + + +

ML3

111,8

ML8-f

P1

P2

P3

R1 + + + +

R6

SK4

Scl + +

SlE

US3 + +

TR

Z8

01

107/6

108



40

Table 4. continued

Phages
Strain al a2 a3 aml br4 c c3 dl f2d2 kh hl h2 1p23 m4 mll

146H

158

166 +

222

223

224

256

266

316 + + +

799

865

SK11-G

281 +

282

283 +

284

286

287' +

288

289A

289C

290A

290C +

291 +

292 + + + + +
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Table 4. continued

Strains m12 m13
Phages
m18-f rl scl us3 166

146H

158

166 + + + +

222

223

224

256

266

316

799

865

SK11-G

281 + +

282

283

284

286

287 + +

288

289A

289C + +

290A

290C

291 + +

292 + +
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Table 4. continued

Phages
Strain al a2 a3 aml br4 c c3 dl f2d2 kh hl h2 1p23 m4 mll

31N

32

32N

221

222A

223A

224A + + +

226

227

229

230

231
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Table 4. continued

Phages
Strain m12 m13 m18-f rl scl us3 166

31N

32

32N

221

222A

223A

224A + +

226

227 + +

230

231
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Figure 1. Frequency of plants showing phage for individual strains.
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ABSTRACT

Twenty three phage insensitive lactic streptococci were selected

for use in Cheddar cheese manufacture on the basis of phage sensitivity,

lysogeny, activity and compatibility. Multiple strain starter cul-

tures consisting of six strains were introduced into two commercial

plants after successful experimental trials. The culture was used as

part of a rotation of cultures in plant one and exclusively in plant

two. Whey from both plants was continuously monitored for phage

appearance. Continuous observation of phage development patterns

and amount of starter required for adequate make times allowed intel-

ligent manipulation of the strains in the starter. The introduction

of the multiple strain starter of known composition in both 'plants

has resulted in reduced starter variability and more reliable cheese-

making.
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INTRODUCTION

Cheesemaking in the United States traditionally employs the use

of mixed strain starters of unknown composition. Although the rational

for using a rotation of these starters is to reduce starter variability

and bacteriophage build up, starter performance is still highly variable.

Recent investigations in media technology (1,15,26) have helped reduce

starter inconsistancy, but in this country there has been little inves-

tigation into starter manipulation and performance (5,6,21,25,27).

In other countries, several approaches have been employed utiliz-

ing known strains, including the use of phage resistant starters,

single strain starters and multiple strain starters. With the

exception of Hull in Austraila (12), Marschall and Berridge in England

(20) and Limsowtin and Terzaghi in New Zealand (17), the selection of

phage resistant mutants suitable for cheesemaking has been unsuccessful.

The concept of single strain starters or pairs of starters used in

rotation, originated by Whitehead (31), has been used with some success

in New Zealand (14) as well as in several other countries. With mount-

ing economic pressures and the introduction of modern equipment, a

reduction in cheese make times has been desirable and therefore New

Zealand converted to use of multiple strain starters (18). In this

country, Moskowitz et al. (21) modified the paired single strain system

described by Lawrence and Pearce (14) in favor of triplet combinations

of strains.
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The criteria for selection of strains for use in cheese manu-

facture, whether singles, pairs or as multiple strains is well

documented. Phage sensitivity, acid production and compatability

are known to be determinants (2,5,9,25,27,32). More recently,

lysogney has been shown to be an important consideration (4,11,22).

It was the object of the present work, begun in 1975, to select

single strains of lactic streptococci for which no phage could be

found in certain cheese plants and to evaluate the performance of

combinations of these strains in those plants during commercial cheddar

cheese manufacture (5,6).
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MATERIALS AND METHODS

Cultures

Two groups of strains were used in the study; all were available

from the Oregon State University Department of Microbiology collection.

The first group of 59 strains included Streptococcus cremoris A2,

A4, AM1, AM2, AM3, B2, B3, BK5, BR4, Cl, C2, C3, C13, D2, D3, D4, KH,

H2, LP23, ML1, P2, P3, R1, R6, SK11G, Scl, US3, TR, Z8, 107/6, 108,

146H, 158, 166, 222, 223, 224, 256, 266, 316, 799 and 865, and Strepto

coccus lactis Al, A3, Bl, C, D1, F2D2, H1, ML2, ML3, ML8, ML8-f, P1,

Sk4, S1E and 01. The second group of 25 S. cremoris strains included

281, 282, 283, 284, 286, 287, 288, 289A, 289C, 290A, 290C, 291, 292,

31N, 32, 32N, 221, 222A, 223A, 224A, 226, 227, 229, 230 and 231. Also

included in the study was strain ML8-1RD1, a phage resistant mutant of

ML8 isolated by Alan R. Huggins in our laboratory.

Strains were maintained in sterile reconstituted nonfat milk (NFM,

11 percent solids); cultures were grown at 21 C for 16 to 18 h, trans-

ferred into fresh NFM and stored unincubated at 5 C. Cultures were

transferred on a weekly basis in this manner. When M17 broth (28)

was used, cultures were incubated at 30 C for 16 h.

Phage and Whey Assays

All phages used in the study were isolated from factory whey

collected during the study. Purified phage stocks were prepared

according to the method of Terzaghi and Sandine (28) and were designated

by the number of the host on which they were isolated. Phage stocks
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were assayed via the soft agar plaque assay as described by Terzaghi

and Sandine (28).

Factory whey, collected at milling, was centrifuged at 6,000 rpm,

filter sterilized and stored at 5 C until use. Whey was screened for

phage via plaque assay prior to introduction of strains into the plant.

Host for plaque assays was prepared either in M17 broth at 30 C or in

NFM at 21 C. To three ml of M17 semi-solid agar (0.5%), one drop of

1.0 M CaC12, 0.2 ml of host and 0.1 ml of whey were added, mixed and

overlayed onto prepoured M17 agar plates (1.0%). Plates were in-

cubated at 30 C for 24 h at which time lawns were examined for evidence

of plaque formation.

Later in the study, the plaque assay was replaced by a spot

assay' to reduce media volume and work load. Whey was spotted, using

a sterile Pastuer pipette, onto lawns of single strains. Plates were

incubated as above and examined for zones of growth inhibition or

lysis. In this manner, three whey samples could be screened per plate.

When purified phage stocks were spotted, they were diluted to 10
-3

or

10
4
before spotting.

Following introduction of strains into the plant, whey was

monitored for phage by two methods. Plaque assays were run with whey

against strains at three different temperatures, 25, 30 and 37 C.

In addition, a bramcresol purple (BCP) inhibition test (Gary

Burningham, personal communication) was run to determine inhibition of

single strains by whey in milk. To 10 ml of NFM with 0.015 percent BCP,
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five percent whey and one percent host were added. The tubes were held

in a 30 C water bath for one h and then transferred to a 37 C water

bath for 5 h. After six h of total incubation, tubes were removed and

examined for change in indicator color from purple to yellow. Compari-

sons were made with appropriate controls.

For purposes of discussion, plaques seen in assays will indicate

phages attacking a particular strain and absence of acid production in

BCP test will indicate inhibition of strains by whey, presumably

caused by phage.

Culture Activity

Acid producing ability of strains was measured by three different

methods. Unless otherwise noted, strains had to meet acceptable cri-

teria of all three methods to be considered as potential starter

strains. Methods were as follows: (a). Fresh NFM cultures were

inoculated into ten ml of sterile NFM at the rate of one percent and

incubated at 21 C. Tubes were checked for formation of coagulum at

15 and 18 h. Strains not producing a coagulum in 18 h were considered

unsuitable for cheese-making; generally only the more active strains

clotted milk in 15 hours; (b) Fresh cultures were inoculated into

sterile NFM at the rate of three percent and incubated in a 30 C

water bath for six h and then set immediately into an ice bath. Percent

lactic acid was determined by titration with 0.1 NaOH and calculated

by the equation:
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percent lactic acid =

(ml NaOH)(N NaOH)(milliequivalent weight lactic acid)(100)
weight of sample in grams

Each determination was carried out in duplicate and the values

averaged. Strains with acidities of less than 0.40 percent were con-

sidered unsuitable for cheesemaking; (c) Cultures were subjected to an

activity test simulating the cheesemaking process via a temperature

profile as described by Pearce (23) and Heap and Lawrence (9).

Cultures were run in triplicate, cooled immediately, held at 5 C over-

night and pH values recorded and averaged. Strains with a final pH

of greater than 6.0 were eliminated and those with a pH lower than 6.0

characterized as follows: 6.0 to 5.6 slow, 5.6 to 5.2 medium and 5.2

and lower fast with regards to acid producing ability.

Induction

Cultures were tested for lysogeny by induction with ultraviolet

(uv) light employing the method described by Huggins and Sandine (11).

A significant reduction in turbidity was considered indicative of lyso-

geny. Potential starter strains were screened as indicators using

supernatants of cultures showing a reduction in turbidity following

induction (11).

Strain Compatibility

Strains, grown in NFM or M17 broth, were crossed streaked onto

M17 agar plates with sterile cotton swabs. After incubation at 30 C

for 24 h, plates were examined for zones of inhibition. Lack of growth

or sparse growth were considered indicative of incompatibility of

strains. Strains showing inhibition of a large number of strains
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were eliminated from the study; strains inhibiting a few strains were

retained but used only in compatable combinations.

Bacterial Growth

Estimation of growth rates of strains in NFM was determined using

a modification of the method described by Kanasaki et al. (13). Cultures

were grown overnight at 21 C and inoculated (1%) into sterile NFM.

Incubation was at 30 C; samples were taken every 30 min for 16 h and

optical density and cell number per ml determined. Samples for spectro-

photometric assay were treated as follows: to five ml samples, chilled

on ice, 10 ml of ice-cold 0.2 percent aqueous ethylenediaminetetra-

acetate (EDTA) and 0.1 ml of 10 M NaOH were added, followed by mixing.

Optical density was measured at 480 nm with a Beckman DU spectophoto-

meter equipped with a Gilford Multiple Sample Recorder. Cell number was

determined by blending (one min) chilled samples in a Waring blender and

plating ten-fold dilutions on M17 agar plates. Plates were incubated

at 30 C for 48 h.

Laboratory Scale Bulk Starter Production

Performance of bulk starter grown in whey based medium with pH

neutralization by ammonium injection (1,26) was evaluated by

growing starter in a 900-m1 vessel on a Fermentation Design Inc. bench

scale fermentor equipped with an Ingold electrode; temperature and pH

were automatically controlled. Whey and media powder were obtained

from experimental plant one. NFM cultures grown overnight at 21 C were

used as inoculum. Starter performance was determined by monitoring
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the pH on a recording chart and by measuring the final titratable

acidity.

Dominance Studies of Bulk Starter Containing S. lactis

Bulk starter was produced in the fermentor and samples were taken

every two h; plate counts were performed in triplicate utilizing the

differential agar for lactic streptococci of Reddy et al. (24). Plates

were incubated at 30 C for 36 to 48 h using the BBL anaerobic Gas Pak

system. S. cremoris and S. lactis colony types were counted

separately and their relative percentages computed.

Antibiotic Levels in Whey

All whey samples from trials received from factories were tested

for antibiotic residue utilizing the Delvotest P method (Gist-Brocades

nv, Industrial Products Division, Delft, Holland). In this'manner,

levels of antibiotic greater than 0.002 international units could

be detected.

Experimental Plants

Initial trials were carried out at Tillamook County Creamery

Association, Tillamook, Oregon (plant one). Later in the study, the

culture was also introduced at Olympia Cheese, Olympia, Washington

(plant two).

Experimental Trials

In order to insure phage-free bulk starter for use in experimental

trials, special starter vessels were designed (5). One gallon milk

cans were fitted with inverted stainless steel, funnel-shaped lids

which were welded to the cans so that no air exchange could take place
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(Figure 1). The stem of the funnel was a phage impermeable filter.

The removable filter was screwed to the funnel at the neck and made

air-tight by a rubber 0-ring.' Clamps on the outside of the neck held

a detachable gas jet flame ring; when the filter was removed, the neck

and flame ring served as an aseptic inoculation port. A temperature

well, completely external, extended from the lid to the center of the

can, allowing accurate monitoring of bulk medium temperature. When

milk was used as starter medium for experimental trials, starter cans

and medium were sterilized together and starter cans used as incubation

vessels. In trials where pH neturalized bulk was used, starter was

grown on the fermentor in the laboratory and starter cans used as

transport vessels. Bulk starter for commercial trials was grown using

plant facilities.

Single strains were not grown together until the bulk culture

stage. In all trials, strains were propagated separately and then used

to inoculate larger volumes of intermediate cultures which were used

individually to inoculate the bulk. Experimental trials were carried

out in plant one in 100 gallon vats. Commercial scale trials were

conducted in plant vats during a regular cheesemaking day in 30,000

pound (plant one) or 20,000 pound (plant two) capacity vats.
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RESULTS

Selection of Potential Starter Strains

As part of a survey measuring the extent of bacteriophage contam-

ination in Cheddar cheese plants (to be published), whey from plant

one was monitored for the presence of phage against 59 lactic strepto-

coccal strains over a period of 18 months. Initially it was hoped that

only strains for which no phage were detected could be considered for

use as potential starter strains; however, of the 59 strains, only

nine (C1, SK11G, S1E, 01, 107/6, 108, 223, 224, D4) remained phage

insensitive throughout the entire 18 months. Of these nine strains,

only D4, SK11G, 107/6 and 224 clotted milk in 18 h at 21 C. Strain

108 initially was slow, but was later replaced with a fast variant,

received from Dr. R. C. Lawrence of the New Zealand Dairy Research

Institute. Because the number of phage insensitive starter strains

obtained was few, additional active strains from the survey revealing

phage (<6 10
2
pfu/ml) in not more than one whey exposure were also

included as potential starter strains. The inclusion of these strains

brought the total number of potential starter strains to 14.

Because this was still a low number, 25 additional good acid-

producing S. cremoris strains were screened by spot assay for insensi-

tivity to phages isolated from factory whey samples during the 18-

month period. Two of these 25 strains appeared to be phage insensitive

and were also included as potential starter strains. Four active phage-

insensitive strains obtained from New Zealand, including the fast

variant of 108 also were added to the collection of potential starter
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strains as well as fast S. lactis strain (ML8) for which phage was

prevalent in plant one whey.

Table 1 records the acid producing ability of the 23 potential

starter strains. A majority of the strains were classified as medium;

only a few were designated fast. An apparent relationship between

strain activity and relative phage sensitivity was noted and will be

discussed in a further communication. Strain D4 was eliminated on the

basis of further activity testing.

Compatability of Strains

Most of the strains which inhibited other strains were S. lactis.

Of the 23 strains initially tested, both S1E and 107/6 inhibited a

number of strains. Strain 107/6 was subsequently eliminated; S1E was

retained but used only in combination with strains it did not inhibit.

S. lactis ML8, the phage sensitive control strain, was not notably

inhibitory. In subsequent screening for phage insensitive S. lactis

strains, a majority of those identified were also inhibitory to other

strains.

UV Induction

On the basis of UV light induction, a number of the selected

strains were lysogenic. Four different types of responses were

observed: no detectable inhibition, inhibition of growth, slight

reduction in turbidity and substantial reduction in turbidity; examples

of these are shown in Figure 2, with ML8, R6, 256 and D2, respectively.

None of the other strains were indicators when tested with lysates

from lysogens.
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Initial Multiple Strain Starter Trials

Employing results from phage sensitivity testing, activity, com-

patability and induction characteristics, the first multiple strain

starter was composed. Six strains C13, D3, 146H, 224, SK11G and 256

were chosen. Initially these strains were mixed together in proportions

based on their individual generation times. However, as times were

similar for all strains and mixing proportions was an added difficulty

for plant personnel, this was considered unnecessary and equal volumes

of each strain were used.

During initial trials, autoclaved plant milk was used as bulk

starter medium. Vats were made on consecutive days; while no

phages were demonstrated, the make times were longer than considered

desirable (Table 2). Therefore, successive trials were carried out

utilizing the bulk starter grown in whey based medium with pH

neutralization. Laboratory trials demonstrated that starter grown

in this manner was considerably more active than milk-grown bulk starter.

When neutralized whey based bulk starter was used in experimental trials,

make times were substantially reduced (Table 2) even with reduced

levels of vat inoculum. Experimental trials with pH neutralized

starter were carried out with consecutive fills as well as on consecu-

tive days. Acidity at milling, make times and pH of cheese one day

after the make consistantly indicated good starter performance; experi-

mental cheese also scored high in taste panels.
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Commercial scale trials were initiated after the completion of the

successful experimental trials. These commercial trials were success-

ful and the culture was introduced into plant one as part of a five

day starter rotation system.

Starter Performance and Phage Development in Plant One

Initially whey from commercial vats made with the experimental

culture was monitored for phage development each day of use; later

the frequency of whey testing was reduced to a weekly basis as the use

of the experimental starter was increased.

Table 3 demonstrates typical phage patterns from a single whey

sample when tested against suspectible strains over a wide temperature

range. These data represent a plaque assay of a whey sample from

plant one run against the first group of 59 strains. Both presence

and morphology of plaques varied with temperature as well as with host

as also noted by Hull (12). These results prompted an examination of

a wide range of temperatures when assaying whey samples from commercial

vats.

Figure 3a demonstrates starter variability as measured by average

pounds of starter required per vat as inoculum for adequate make times

in plant one during the first four months of commercial use of the

experimental culture. When the culture was introduced, phage developed

rapidly for strain 104, causing an increase in amount of starter required.

Strain 104 was replaced with strain 108; starter variability at first

stabilized and then rose dramatically. Up to this time, low levels of

phage were detected for strain 266 (Figure 4) during its presence in the
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culture but not with enough regularity to be responsible for such a

dramatic change in the amount of starter required. Because we felt

that the increase might be due, at least in part, to the quality of

winter milk, S. cremoris 266 was replaced with S. lactis S1E; again

strain replacement re-established starter stability. We were concerned

that S. lactis S1E might become dominant over S. cremoris strains in

the culture and cause subsequent bitterness in the cheese. When growth

of S1E and the S. cremoris strains was followed during normal bulk

production, the growth rates were similar and the final ratio of S1E

to S. cremoris strains was 1:6. Nevertheless, slight bitterness did

develop in the cheese and use of this strain was discontinued.

Phage development patterns for individual strains during use in

plant one can be seen in Figure 4. The ability to predict the acid

producing ability of a single strain in milk (BCP test) in the presence

of whey as affected by phage development (plaque assay) varied from

strain to strain. Slight inhibition of C13 was noted during the BCP

test but no phage were demonstrated nor was antibiotic residue present

in the whey. Strain 146H demonstrated initial inhibition in the BCP

test, followed by subsequent appearance of plaques. Strain 104 showed

simultaneous inhibition and plaque formation as did strains 114 and

266. Strain 134 demonstrated plaques before inhibition. S1E demonstrated

no plaques but some slight periodic inhibition. Strain 108 did not show

either plaque formation or inhibition. The appearance of plaques for

strain 146H was concurrent with the introduction of strain S1E. None
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of the phages attacking the strains utilized in plant one were

isolated; hence it was not determined whether a phage attacking one

strain was also lytic for another strain in the multiple strain starter.

Starter Performance and Phage Development in Plant Two

Starter performance in plant two for the first two months and one

half months of use (Figure 3b) was extremely consistant. In this

plant, dramatic changes in starter performance were prevented rather

than remedied by strain replacement. Phages developed simultaneously

for strains 865 and S1E; these were replaced with strains 289A and ML8-

1RD1 without noticeable changes in inoculum requirements.

The concurrent development of phages for strains 865 and S1E

can be seen in Figure 5. Inhibition during the BCP test was also seen

for both of these strains. At the same time, phage levels for 146H

increased, although inhibition of its acid producing ability in milk

was not seen until later. When 865 and S1E were removed from the plant,

the phage level for strain 146H subsequently dropped. Replacement

strains ML8-1RD1 and 289A both developed phages rapidly with ML8-1RD1

demonstrating plaques and inhibition the first day of use, although

no plaques were apparent prior to introduction into the plant. Inhibi-

tion in the BCP test was concurrent with high levels for both strains.

Increases in phage levels without inhibition was noted for strains

C13 and SKIM upon introduction of the replacement strains 289A and

HL8 -1RD1. Phage levels as determined by both plaque assay and the BCP

inhibition test for strain 108 remained negilible.
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Phages for C13, SK11G, 146H, 865, S1E and 1118-1RD1 were isolated

and purified stocks spotted onto lawns of all strains introduced

into plant two. We were unable to make a high titer stock of the

phage for strain 289A. The results of the spot assay can be seen in

Table 4.

Although they appeared simultaneously, the phages for strains 865

and S1E were distinct. Phage 865 also inhibited strain 146H, explaining

why phage levels for 146H increased with levels for 865 and dropped upon

the removal of 865 from the plant. Upon introduction of strains 289A

and ML8 -1RD1 into the plant, phage levels for strains C13 and SK11G

increased. Furthermore, phages appeared immediately for strain ML8-1RD1.

Inhibition in the BCP test was demonstrated for strain 289A after two

weeks of use in the plant but no phages were apparent in spot assay.

When M17 broth-grown host was used instead of milk-grown host, very turbid

plaques were seen for strain 289A. The phage isolated for strain ML8.7

1RD1 inhibited strain 146H; the reverse was also true. Further investi-

gation into the host ranges of these two phages showed that they were

very similar although distinct (Alan Huggins, personal communication).

Phages were isolated for strain C13 and SK11G; the phage for

C13 was demonstratable on its host only by plaque assay, a zone did not

appear in a spot assay. These phages, did not appear similar to any of

the previously described phages, although C13 phage did show inhibition

when spotted onto 865 and 141,8-1RD1.
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DISCUSSION

The single most important characteristic of bacterial strains used

for Cheddar cheese manufacture is their ability to produce lactic acid

from milk lactose. However, starter behavior in the cheese plant is

variable when acid production is the only criterion considered in

strain selection. In an effort to circumvent this inconsistency,

rotation of different starter strains is endorsed by the industry in

the United States based on the observation that individual starter

performance decreases after a few vats of continued use. It is widely

accepted that the major cause of this inconsistency is the build-up

of bacteriophages. In recent years, efforts to improve this system

have resulted in a consideration of other criteria when selecting starter

strains (5,9,15).

The most widely used starter system in plants is the rotation of

cultures composed of phage-unrelated strains (2,14,15). In the present

study, however, strains were selected for phage insensitivity; this

eliminated the necessity of starter rotation and allowed use of the

'same phage insensitive culture on a continual basis (5,6). In formulat-

ing such a culture, a number of strains are incorporated. In this case,

six strains were combined in each multiple strain starter. It was felt

that handling more than six strains would require too much time and also

would increase the possibility of duplication of strains within the same

culture; a lower number of strains might not be sufficient to carry

through a given day of cheesemaking if one or more of the strains was

inhibited by phage.
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The method of preparation of bulk starter is also important. In

addition to obvious asceptic methods (27) and prior laboratory

testing of strains to insure they perform adequately when cultivated

in commercial media, it is important that single strains are not

grown together until the bulk stage (18). This, along with screening

for antibiotic production, minimizes dominance by one or some of the

strains over others (16).

Recently, it has been suggested (10,11,22) that lysogenic strains

should not be included in starter cultures. A number of the strains se-

lected for use in the present study were lysogenic based on UV response.

Because of the large number of strains that showed reduction in turbidity

when induced, lysogenic strains could not be eliminated. However, as

long as lysogenic strains are not used in combination with indicator

strains, their inclusion in multiple strain starters would seem

acceptable.

Some strains, notably B3, SR110 and D3, exhibited marked reduction

in turbidity when grown in M17 broth at 37 C. This suggested spontaneous

induction; plots of turbidity versus time were reminescent of induction

plots. Spontaneous induction has been observed by others (11); possibly

the elevated temperature optimized spontaneous release of phage. How-

ever, induction was not confirmed by electron microscopy and further

investigation is indicated.

An increase in pounds of starter required appeared to reflect

phage development for strains in the starter in plant one but amounts
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required did not vary greatly with appearance of phages in plant two.

This possibly indicates that the phages that developed in plant one

attacked the dominant strain in the culture while the phages that

appeared in plant two affected less dominant strains (7). The successful

substitution of strains in plant two without evidence of culture

slow-down when phage appeared, compared with dramatic slow-down in

plant one may also be a reflection of this phenomenon. The phage

for strain 104 in plant one was extremely virulent and reached high titers

in a short time, while phages for strains 865 and S1E in plant two

increased more slowly.

Phage development patterns (Figures 4 and 5) in both plants demon-

strated the necessity for monitoring phage levels in the whey at

milling by both plaque assay and milk inhibition test. Inhibition

of strains in the BCP test without apparent lysis of cells (plaque assay)

was demonstratable in whey samples from both plants. During these tests,

indication of phage activity may be seen simultaneously in both assays,

in one assay before the other or in only one assay and not the other.

These results indicate that phage experiences of a single strain vary

with the particular plant environment. For example, appearance of

phages for strain 146H was different in each plant. On the other hand,

strain 108 performed well in both plants.

A correlation was noted between behavior of phages in the assays

and their effect on the starter cultures. Highly virulent phages

produced clear plaques and gave substantial inhibition in the BCP test,

while strains revealing slight inhibition in the BCP test before plaque
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formation was demonstrated did not appear to effect the overall per-

formance of the culture. On several occasions, very turbid plaques

were initially seen for a strain that subsequently increased in clarity.

These observations may indicate that restriction-modification systems

are operating in the hosts (19) although more investigation is required

before concrete conclusions can be made.

Hosts appeared to be much more sensitive to phage infection when

grown in M17 broth than when grown in milk. On a number of occasions,

plaques were demonstrated with broth grown host but not with milk grown

host, and without evidence of culture slow-down in the plant. This

observation supports the results of others that the efficiency of plat-

ing of strains increases if the strains are propogated in M17 broth

(19,29).

The development of phages in plant two demonstrates the intricate

host-phage relationships that occur in mixed strain starters. Modifica-

tion of a phage by one strain may allow that phage to attack a previously

resistant strain. A virulent phage for one strain may attack but not

effectively inhibit another. Phages may appear immediately upon intro-

duction of some strains even though there is no evidence of phage

prior to introduction; this occurred with strain ML8-1RD1, a phage

resistant mutant of ML8. It has subsequently been shown that this mutant

is unstable (Alan R. Huggins, personal communication).

In the development of a multiple strain starter, the characteriza-

tion of the individual strains is required for optimal starter per-

formance, as this allows for more intelligent formulation of starters
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(5,6). Ideally, a collection of strains is maintained that has been

characterized as to lysogeny, acid producing ability and antibiotic

production. To formulate a culture for a particular plant, whey is

assayed for phage to determine the strains in the collection that are

insensitive to phages present in the plant. At the same time, these

strains are cultured in the bulk starter medium used in that plant

to insure adequate activity (8). From these data, a satisfactory

culture can be designed for a particular plant.

Our culture was used in rotation with commercial cultures in plant

one, although about 50 percent of the total amount of cheese produced

was made with the experimental culture. Management preferred to rotate

with other proven cultures, however, further exclusive use of the

experimental multiple strain culture is expected. The culture is now

being used exclusively in plant two. The use of commercial cultures

in plant one probably introduced phages into the plant (9,15,16). These

phages undoubtably had some effect on the strains in the experimental

culture. This possibly explains why more variability in starter

performance was seen in plant one than in plant two.

Recently, in collaboration with Alan R. Huggins in our laboratory,

phage resistant mutants have been substituted for certain strains when

virulent phages appeared (Alan R. Huggins, Ph.D. Thesis, Oregon State

University, 1979) (6). In some cases this substitution can be made

before notable inhibition of activity occurs. In our experience, such

substitutions reduce culture variation and new strain-strain relation-

ships. Consequently, a multiple strain starter has been successfully
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used as part of a five day rotation for 11 months in plant one and

exclusively for five months in plant two. This has allowed the

elimination of less successful commercial starters from these cheese

plants. The continued performance of these cultures depends on the

number of single strains within the culture so if a phage appears for

one strain, other strains will carry the culture until a phage insens-

itive mutant can be substituted. Continued success also relys on the

scientists' ability to manipulate known single strains to select phage

insensitive mutants.
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TABLE 1. Acid producing ability of potential starter strains.

Strain
Coagulation of NFM 6 Hour

30 C
Pearce
pH Rating15 hr 18 hr

B3 0.45a 5.60 S+++ +++

C13 0.53 5.51 M+++ +++

D2 +++ 0.58 5.50 M+++

D3 0.48 5.45 M+++ +++

R6 0.50 5.44 M+++ +++

SR
11-0

0.37 5.70 S+++ +++

104 ++ 0.73 5.11 F+++

108 0.73 5.26 M+++ +++

114 0.79 5.61 S+++ +++

134 0.83 5.64 S+++ +++

146H 0.32 5.45 M+++ +++

158 - ++ 0.50 5.74 S

224 0.40 5.55 M+++ +++

226 0.82 5.07 F+++ +++

256 - ++ 0.34 5.83 S

266 0.40 5.73 S+++ +++

289A 0.81 5.13 F+++ +++

316 0.52 5.25 M+++ +++

865 0.35 5.10 F+++ +++

ML8 0.74 5.32 M+++ +++

SLE ++ 0.36 5.11 F+++

107/6 0.39 5.26 M+++ +++

a
expressed as percent lactic acid.
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TABLE 2. Comparison of Cheddar cheese made with milk grown bulk vs.
pH neutralized bulk starters.

Analysis Milk Grown pH Neutralized

T.A. of bulk 0.72 0.79

T.A. at milling 0.49 0.48

make time 4 hr 35 min 3 hr 45 min

pH day one 5.15 5.15

% vat inoculum 1.00 0.75
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TABLE 3. Effect of temperature on number of plaques appearing during
assay of cheese plant whey by the lawn overlay technique.

Strain 25 C 30 C 37 C

Al - - 75

A2 40a 150 400
a

A4 100
a _ -

Bl - - 100a

Cl - 25a25 -

C3 confluent confluent -

KR 35 100 300a

ML2 confluent confluent confluent

R6 - -

aturbid plaques
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TABLE 4. Relationship between phages isolated for strains used in
plant two.

Phage

Strain C13 SK11 -G 146H 865 S1E ML8-1RD1

+b+ + - - - -

SK11 -G - + - - - -

108

146H - - +
a

+
a

+
a

a a
+ +865 - -

S1E

289A

ML8-1RD1 + +
a

+ = zone of lysis

- = no lysis

a
turbid

blysis only in plaque assay, no zone in spot assay
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Figure 1. Modified bulk starter can
(A) filter, (B) flaming ring clamps, (C) lid
(inverted funnel), (D) 0.2 p filter material,
(E) screw threads of detectable filter, (F)
temperature well, (G) welded seal
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Figure 2. Typical turbidity patterns of potential starter strains
following UV induction. Symbols: 0 control (uninduced)

strain, einduced strain.
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Figure 3. Pounds of starter required as inoculum for Cheddar cheese
manufacture. A - plant one, rotations every five days.
B - plant two, samples taken every three days.
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Figure 4. Phage development patterns - plant one. Solid line in-

dicates phage level as determined by plaque assay during

use of strain in plant. Broken line indicates phage levels
prior to introduction of or after removal of strain. Relative

phage levels are 1 - up to 100 plaques; 2 - up to 300 plaques;

3 - semi-confluent of confluent lysis as determined by plaque

assay with 0.1 ml inoculum of whey.



3

03 2

0

3

104 21

0

3

H4 21

O
3

I 134 2

0

3

146H a
1

0

3

266 21

0

3

108 21

0

3

S1E 2

0

85

I I I I I I I i I 1 I

1

1 A
1 of %

L....ma \.......

I I 1 1

....
I

/4
.../

I

N....

I I

11111

i II

I I I II I I I I I I

II 1 I I 1 1 I I I I

I I II I I I I I I I

./.4%,...........................................

I I I I II I I I I I

I I I I I I I I I I I

I I I I I I I I I I

0 8 12 16 20
NUMBER OF ROTATIONS.

24



86

Figure 5. Phage development patterns - plant two. Solid line in-
dicates phage level as determined by plaque assay during
use of strain in plant. Broken line indicates phage levels
prior to introduction of or after removal of strain. Relative
phage levels are 1 - up to 100 plaques; 2 - up to 300 plaques;
3 - semi-confluent or confluent lysis as determined by plaque
assay with 0.1 ml inoculum of whey.
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ABSTRACT

A laboratory trial was designed to examine the potential use in

Cheddar cheese manufacture of a mixed strain bulk starter culture to

which factory whey was added daily to continuously select for phage

tolerant strains. While both control and experimental bulk cultures

remained suitably active during a 20 day period of daily whey addition,

both exhibited dramatic decreases in activity when used as inoculum in

a simulated cheesemaking test. The fluctuations in starter performance

in the cheesemaking test indicated that starter to which whey was added

was not superior to aseptically handled cultures and was not sufficiently

stable to be used on a continual basis in Cheddar cheese manufacture.
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INTRODUCTION

Before the advent of modern manufacturing process, Dutch and

Scottish cheese plants used mixed strain cultures which were trans-

ferred without special precautions to prevent phage infection (1,2,8).

With the shortening of manufacturing times, strains were selected for

their ability to produce acid rapidly and starter technology dictated

strict aseptic procedures to protect these cultures from airborne

contamination of phage (4). This, coupled with the fact that phage

carrying cultures were observed to occilate (8) in activity, lead to

the elimination of such cultures in cheese manufacture.

Casein manufacture in New Zealand has continued to use cultures

that are transferred without protection from phage contamination

because occasional slow acid production by starter is not as economical-

ly disasterous as in Cheddar cheese manufacture. Thomas and Lowrie

(10,11) developed a controlled starter system for use in casein manu-

facture which utilized a four strain culture, each of which were

selected for phage resistance and to which factory whey was added

regularly to continuously select for phage tolerant strains. This

culture was used for an entire commercial caseinmaking season without

starter failure due to phage. This system was later simplified (12)

by increasing the number of strains in the culture and handling them

in a single culture rather than as individual components. Without the

addition of filtered whey, starter usefulness in the factory was limited

due to the development of virulent phage.
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The success of whey addition in casein manufacture coupled with

the observation that laboratory maintained cultures are more suscepti-

ble to phage attack than factory maintained cultures (2,8) has lead

to the suggestion that the principle of whey addition be applied to

Cheddar cheese cultures (7). This communication describes an attempt

to adapt whey addition to Cheddar cheese cultures and also discusses

the feasibility of using whey addition to cultures for commercial

purposes.
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MATERIALS AND METHODS

Cultures

A group of 32 strains from the Oregon State University Department

of Microbiology collection were selected for use in the study. The

group was chosen to create a mixed starter that was as heterogenous

as possible in regards to acid producing ability and phage sensitivity.

Strain compatibility as determined by antibiotic production was not

considered, nor were strains examined for lysogeny. The group included

Streptococcus cremoris strains B3, C13, D2, D3, D4, SRliG, 146H, 224,

226, 316, 865, AM1, AM3, H2, P2, SK11, TR, Z8, 266, 108, 104, 114,

134, 158, R6, 1104, 1108, VTS, 1625 and S. lactic 107/6, H1, and ML8.

Cultures were maintained either in sterile reconstituted nonfat

milk (NFM, 11 percent solids) or in M17 broth (9). Incubation in NFM

was at 21 C for 16 h; transfers were made weekly. Strains were stored

unincubated between transfers at 5 C. Cultures propagated in M17 broth

were incubated at 30 C for 16 h and transferred on a weekly basis;

storage was again at 5 C.

Whey Addition Protocol (Figure 1)

Equal volumes of the 32 strains were mixed and used as inoculum

for initial mother culture B0. Two bulk cultures (B and BW) were sub-

cultured daily, one served as a control (B), to the other (BW) filter

sterilized whey (W) was added. The two sets of cultures were carried

separately. Each day of the whey addition trial, both cultures were

subjected to a simulated cheesemaking activity test as described by
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Pearce (6). Tests were carried out as follows: A set of four tubes

was inoculated (2%) for each bulk culture; to two of the four tubes,

one percent of filter sterilized whey (W) and one percent of filter

sterilized whey from the previous day's Pearce test (BPW for B, WPW

for BW), was added. An uninoculated control was included. All tubes

were subjected to the temperature profile. At the conclusion of the

test, one tube was chilled, centrifuged at 6,000 rpm for 20 min and the

whey collected, filter sterilized and held at 5 C for use in the follow-

ing day's Pearce test; this whey was also assayed for phage against

all 32 strains. The other tube was held overnight at 5 C and the pH

recorded. Both bulk starter cultures (B and BW) were tested for daily

activity by titratable acidity of (a) incubated bulk and (b) a six h

activity test (3% inoculum, 30 C).

Phage development was followed in both bulk cultures (B and BW)

by spot assay and in Pearce test by plaque assay. For the Pearce test,

only the tubes to which whey was added (WPW and BPW) were assayed for

phage. Plaque assays were performed as described by Terzaghi and

Sandine (9) and spot assays were performed according to Huggins and

Sandine (3).

The daily plant whey samples represent natural phage contamination

indigenous to the plant environment. The addition of whey from the

previous day's simulated cheesemaking test represents exposure to new

phage arising from previous days cheesemaking. The simulated cheese-

making test was carried out for 20 consecutive days, initiating with

culture B0 and terminating with cultures B19 and BW19.
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Whey Samples

Prior to initiation of the laboratory whey addition trial, whey

was collected from a Northwest Cheddar cheese factory for 30

consecutive days. Whey was collected by plant personnel and stored

at -20 C in 30 ml capacity tubes supplied by our laboratory that con-

tained beta-glycerol phosphate (20 percent w/v, 6 ml) and glycerol

(4.5 m1). Whey samples were thawed, centrifuged at 6,000 rpm for 20

min and filter sterilized as needed for daily whey addition to bulk

cultures.
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RESULTS

The procedure outlined above describes a laboratory model in which

performance of bulk starter to which whey is added daily, providing a

continual selection for resistant strains, is compared to conventional

bulk starter where strict aseptic measures are employed to protect

starter from bacteriophage contamination. The activity of the bulk

cultures did not differ from each other significantly as determined by

titratable acidity values obtained at the termination of incubation and

after the six hour activity test. Although activity was constant for

both cultures, differences resulting from the addition of whey to one

of the bulk cultures was seen in spot assays of bulk culture filtrate.

The number of strains for which phage was detected in bulk starter

to which whey was added on a daily basis (BW), was initially large (up

to 12 out of 32 strains) and then leveled off to about three to five

strains around day 12. The specific strain attacked varied initially

but was more consistant as the number that were attacked stabilized.

In the bulk starter that was transferred daily without whey addition

(B), there were low levels of phage (zero to three strains attacked)

apparent in spot assays with a high of five strains apparent on day ten.

A plot of pH values obtained in the daily simulated cheesemaking

test can be seen in Figure 2. For the control tubes, to which no whey

was added during the Pearce test, for both bulk cultures (B and BW),

the pH values remained consistantly below six, indicating activity

suitable for cheesemaking (Figure 2a1. However, in tubes to which
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whey was added, both cultures showed dramatic fluctuations in activity

(Figure 2b). Bulk culture B initially was inhibited in the presence of

phage but then stabilized as indicated by a decrease in pH values.

At day nine the pH rose again, eventually to values above six (day 11).

At day 15 the pH value decreased and thereafter the activity of the

culture appeared to stabilize. The whey adapted bulk culture (BW)

behaved almost identically to the control cultures (B), showing a slow-

down in activity that was initially apparent at day nine, stabilizing

on day 14. However, the initial activity of the whey adapted culture

was greater than that of the control bulk culture when subjected to the

Pearce test in the presence of whey, and it appeared to stabilize

earlier after the slowdown that started on day nine.

Originally, the simulated cheesemaking protocol was to be continued

for a month, however, with the dramatic fluctuations observed it was

discontinued on the twentieth day. At the initiation of the proto-

col, a composite of the 30 whey samples collected from the plant was

examined for phage by the plaque assay technique. Seventeen

strains demonstrated some degree of plaque formation. Tubes (BPW

and WW) from the simulated cheesemaking test to which whey was

added were examined each day by plaque assay for presence of phage.

Throughout the 20 day period, 18 of the strains in bulk culture B

showed some degree of plaque formation and 19 of the strains in bulk

culture BW.
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Several patterns for phage development were seen for strains as

determined by plaque assay of tubes to which whey was added (BPW and

WPW). Phage either appeared sporadically at low titers (< 5 x 10
3
) or

appeared consistantly increasing to high titer, falling to a low titer

and increasing again in a cyclic fashion. One strain showed phage at a

high titer consistantly. There was essentially no difference between

the two different bulk cultures with regards to the phage appearance

during the simulated cheesemaking test. Even during the ninth to four-

teenth day period where a sudden slow-down in culture activity was

observed, no difference was determined in phage environment as compared

to periods when the culture activity was adequate.
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DISCUSSION

The addition of whey on a daily basis to bulk culture had no

effect on the activity of the culture as compared to cultures

transferred aseptically without whey addition. The appearance of

inhibition in spot assays of the control culture (B) indicates that some

of the strains included in the culture are either phage carrying or

lysogenic (3). The culture to which whey was added (BW) initially

showed higher levels of phage in spot assays but leveled off as sensi-

tive strains were eliminated from the population (2). Both bulk cul-

tures proved to be suitable for cheesemaking as determined by the Pearce

test (Figure 2a) if whey was not added, but both showed a substantial

periodic slow-down when whey was added (Figure 2b). These results

are similar to the cyclic behavior of cultures subject to continuous

phage contamination, but constitutes a more severe reduction in

activity than reported before (8,12). No slow-down was seen in the

bulk culture (BW) to which whey was added during the increase in Pearce

pH. The use of the bulk culture as inoculum for the next day's bulk,

a procedure which also transfers any phage in the bulk, and the addi-

tion of whey to the Pearce test from the previous day's Pearce test,

allowed continuous exposure to any new phage that appeared.

Heterogeneity in the lactic streptococci is well established; the

addition of whey to bulk culture amplified this heterogeneity by

accelerating the selection of mutants that varied widely in acid

production and phage sensitivity (5). The fact that both cultures
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behaved simularly suggests the development of a phage during simulated

cheesemaking that is virulent for a dominant strain in the cultures;

this dominant strain would have to be the same or very similar in both

control and experimental cultures. This suggests that phages may

develop under cheese manufacturing conditions that do not develop

under bulk culture conditions even though the culture is propagated in

the presence of phage. The elevated temperature that strains are ex-

posed to during cheese manufacture may stress them sufficiently to

suppress restriction and modification systems (5). Under these circum-

stances, a new phage could reach critical titers quickly. The combined

stresses of unfavorable temperature and the advantage these temperatures

create for the appearance of new phage may collectively cause impossible

conditions for reliable acid production.

Although both cultures are suitably active as determined by the

six hour activity test, results of the simulated cheesemaking test

indicate that cultures propagated in presence of phage are suitable

for casein manufacture but will not perform significantly better than

cultures protected from phage infection under the more rigorous

requirements of Cheddar cheesemaking. Although phage tolerance is

eventually achieved through whey addition, the resulting variability is

not agreeable to modern manufacturing demands.
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Figure 1. Whey addition protocol.

B
0
- initial bulk culture; BW

n
- bulk culture with whey

addition On = day of trial - 1); Bn - bulk culture with-

out whey addition (4= day of trial - 1); Wn - whey sample

(n = number of whey sample); WPn - Pearce test with bulk
culture BW

n
without whey addition; WPW

n
- Pearce test with

bulk culture BW
n

and whey sample W
n+1'

BP
n
- Pearce test with

bulk culture B
n
without whey addition; BPW

n
- Pearce test with

bulk culture Bn
and whey sample Wn+1 ; TA - titrable acidity.



I) T. A. 4*--------'------'.
2) 6 H ACTIVITY

TEST

BP . am
PEARCE TEST

On
wPw, wP,.....___y___.

PEARCE TEST

BPW, BPI
........._y____. .p,

PEARCE TEST



105

Figure 2. Activity of bulk culture in daily simulated cheesemaking

test.

Solid line - bulk culture BWn; Broken line - bulk culture

B ; A - Pearce test without whey addition; B - Pearce test

wroth whey addition.
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