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CHAPTER I

INTRODUCTION

8lit openness in Cheddar cheese is a texture defect of some concern
to the cheese industry. This texture defect lowers the quality of the
cheese, making a less desirable product for the market. Therefore, an
economic problem arises with the occurrence of slits in Cheddar cheese.

It is believed that the associate organisms, Leuconostoc citrovorum and

Leuconostoc dextranicum, present in a commercial cheese culture may be a

source of slit openness. By reducing their presence in the culture, it
was felt that & better textured cheese could be produced without impairing
the composition or flavor of the cheese.

The optimum growth temperature for L. citrovorum and L. dextranicum

is lower than the optimum for the predominating lactic acid producing

organisms, Streptococcus lactis and/or Streptococcus cremoris, in the

commercial culture. By incubating the culture at a higher temperature
than is commonly practiced by cheese plants, it was hoped that the number

of associate organisms could be reduced.




CHAPTER IX
STATEMENT OF PROBLEM

The purpose of this investigation was to study the influence of a
commercial cheese culture incubation temperature of 32° C. upon the asso-

ciates and slit openness in Cheddar cheese.




CHAPTER III

REVIEW OF LITERATURE

Van Slyke and Price (34) have reported three common types of open-
ness occurring in American Cheddar cheese, mechanical openings, round gas
holes, and slit openings. More advancement has been made toward cor-
recting the mechanical openings and the round gas holes than the slit
openness.

Enlightening information on slit openness has been contributed by
New Zealand investigators (30, 36). This texture defect which is very
common and troublesome in New Zealand cheese is also frequently observed
in American Cheddar cheese. Overcast and Albrecht (28) have observed slit
openness in commercial and experimental lots of Cheddar cheese. In some
cases this texture defect was so serious as to cause a bulging of the
cheese surfaces.

8lit openness in Cheddar cheese does not appear as the typical gas
holes found in gassy cheese, but as irregular openings more or less fol-
lowing the curd particles. The surfaces of the slits are moist and may
have a shiny or glazed appearance which helps to distinguish them from
mechanical openings (28, 34).

Van Slyke and Price (34) report that pnsteurizltién of cheese milk
has been effective in reducing the humber of rapid gas producing organisms,

belonging to the Escherichia-Aerobacter group, thereby resulting in a

better textured cheese. However, Whitehead and Jones (36) have observed
that pasteurization of cheese milk has been ineffective in controlling the

development of slit openness. These workers found that cheese made from




h
good quality pasteurized milk showed slit openness at fourteen days of
age.

Ashe (2) reported slit openness in Cheddar cheese to be & seasonal
texture defect occurring primarily in the fall and winter. Investiga-
tions were made to determine the factors responsible for the development
of the defect. Soluble calcium ions, in the form of calcium chloride,
and citrates, in the form of anhydrous citric acid, were added to the
cheese milk without any appreciable effect upon the development of slit
openness. Comparisons were made of cheese containing different concen-
trations of salt. Indications were that the greater amounts of salt added
to the milled curd produced less development of slit openness. Little
importance was given to the pasteurization temperature, making procedure,
or the acidity at the time of milling upon the control of slit openness.

Overcast and Albrecht (28) showed that very distinct slits could
be produced in Cheddar cheese by inoculating the cheese milk with L.
citrovorum. Sherwood (30) also shoved‘that slit openness in Cheddar cheese
developed when certain Leuccnostoc species were added to the cheese milk.
Commercial cheese cultures were considered as a possible source of slit
openness since they contained these organisms.

Prouty and Golding (29) have reported that commercial cheese cul-
tures are not pure cultures. In addition to the predominating lactic acid
producing organisms, S. lactis and/or S. cremoris, their associate organ-
isms are invariably found. Other investigators (1k, 15, 30, 33, 34) have
reported the presence of two species of organisms as associates in commer-

cial cheese cultures to be significent.
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The nomenclature of the associates or citric acid fermenting organ-

isms has been the subject of considerable debate, but Bergey's Manual

(16) has designated these organisms as Leuconostoc citrovorum and

Leuconostoc dextranicum. These names will be applied hereafter in this
paper.

Hucker and Pederson (23) compared 8. lactis with their associates
as to the amount of carbon dioxide produced. 8. lactis produced no more
than 6 per cent carbon dioxide of the total products resulting from their
fermentation processes; whereas the associate organisms produced from 20-
26 per cent carbon dioxide. Hucker (21) has previously reported similar
results.

Abd-El-Malek and Gibson (1) have done considerable work in the
identification of the streptococci present in milk. The associate organ-
isms were considered to be heterofermentative; whereas §. lactis and S.
cremoris were found to be homofermentative. From the tests conducted, the
associates showed several characteristics that were different from S.

lactis and 8. cremoris. Of these the ability to produce carbon dioxide

was most important in their differentiation.

Hammer and Baker (18) attempted to detect gas formation of L.
dextranicum by sealing freshly inoculated milk with several different
materials. Boné of the results were unsatisfactory due to gas escaping
between the seal and the wall of the tube. However, Hammer (16) later
showed proof of gas production of the associates by making the container
of the culture air tight. When a freshly inoculated milk culture was

sealed with a mixture of vaseline and paraffin, the seal was pushed up as
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a result of gas production. A similar test was shown by inoculating cans
of evaeporated milk with the associates and soldering the opening through
which the inoculation was made. Bulging of the cans resulted from gas
production.

Prouty and Golding (29) made a study to determine the gas produc-
tion of the associates by the extent of vacuum changes in vacuum packed

American Cheddar cheese. When L. citrovorum and L. dextranicum were used

in conjunction with 8. lactis and Lactobacillus bulgaricus cultures, &

greater loss of vacuum occurred than when 8. lactis and L. bulgaricus were

used alone. A greater loss of vacuum wvas associated with L. dextranicum

than with L. citrovorum. When the cheese was ripened at 45°-50° F., more

loss of vacuum occurred than when ripened at 40° F.

Dorn and Dahlberg (10) reported that the flavor and aroma producing
bacteria are & source of gas production in Cheddar cheese. Cheese con-
taining these organisms produced gas most rapidly during the first four
weeks of ripening, but continued even after hB.vaeks of ripening. Sherwocod
(31) concluded, from his detailed study of the flora of New Zealand Cheddar
cheese, that certain strains of the Leuconostoc species are capable of
producing open texture when they are present in large numbers.

Galesloot (12) reported that the Leuconostoc species are capable of
producing an early gas defect in Cheddar cheese. The species primarily

responsible for the defect were L. dextranicum and L. mesenteroides. How-

ever, when these organisms were used in cultures in conjunction with very

active streptococci, the defect occurred only to a slight extent.
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The associates produce relatively 1nrg§ amounts of volatile acids
as shown by Hucker (20). Of the total acids produced by the associates,
40 per cent was volatile which was primarily acetic and propionic. 8.
lactis converts lactose almost entirely into lactic acid with not more
than 10 per cent volatile acids of the total acid produced. Hammer (15)
and Hammer and Bailey (17) showed high volatile acid production to be a

characteristic of L. citrovorum and L. dextranicum.

The value of the associate organisms in the cheese starter for the
production of flavor and aroma in the cheese has been questioned by Kelly
(25). He considered acid production to be the primary function of a
cheese starter. Satisfactory cheese was made when certain strains of

either 8. lactis or S. cremoris were used. Hucker and Marquardt (22)

reported that L. dextranicum produced & more characteristic Cheddar cheese

flavor than did L. citrovorum when they were added to the pasteuriged

cheese milk. One strain of 8. lactis alone produced a cheese with a slight
acid flavor, but it compared favorably with the commercial cultures con-
taining the associates. Other workers (16, 19, 33) have considered the
associates to have little importance in determining the flavor of Cheddar
cheese. :

Van Slyke and Price (34) have emphasized the control of the incu-
bation temperature of cheese cultures. The temperature of incubation has
an influence upon the acid development, activity of the organisms, uni-
formity and quality in terms of flavor and other physical characteristics.

Hammer (16) states that the incubation temperature influences the

species present and theilr rate of growth in the culture. By varying the




8

temperature of incubation of the culture above or below the optimum for

8. lactis and 8. cremoris, the presence of other organisms becomes apparent.
Good cultures were obtained at an incubation temperature as low at 18° (.
(64.4° ¥.) and as high as 32° C. (89.6° F.). Relatively high incubation

temperatures may greatly reduce the numbers of L. citrovorum and L. dex-

tranicum in the culture. A few transfers at 37° C. may completely remove
the associate organisms. Overcast and Albrecht (28) have suggested that
an incubation temperature of 80°-85° F. for 6-8 hours may reduce the num-

ber of associates without affecting 8. lactis or 8. cremoris strains.

The associate organisms have a lower optimum temperature for growth

than 8. lactis and §. cremoris. Hucker and Pederson (23) reported the

optimum growth temperature of the Leuconostoc species to be between 21°-
25° C.; whereas §. lactis and 8. cremoris were found to be most active
between 30°-40° ¢. (16).

Hammer and Bailey (17) have found that the volatile acid producers
may be unable to grow at 37° C. Cultures incubated at 37° C. produced only
5.3-9.8 per cent volatile acid of the total acid produced; whereas at an
incubation temperature of 20° €., 32.6-39.3 per cent of the acid was vola-

tile. Hammer (15) reports that L. dextranicum may grow to a limited extent

at 37° C. while L. citrovorum will not grow at all.

Hammer and Baker (18) compared the rate of growth of L. dextranicum
vhen incubated at 21° and 37° C. Of the 116 different strains of L. dex-
tranicum used in the study, 17.2 per cent grew better at 37° C., 48.3 per
cent made better growth at 21° C., and with 34.5 per cent no observable

difference occurred. When the incubation temperature varied above or below




the optimum growth temperature of the organisms, there was no sudden
change in their growth rate but a gradual change with all degrees of
response.

Bang (5) reported that the associate organisms produce a greater
amount of diacetyl at 20° C. than at any other incubation temperature.

Golding et al. (13) have shown the rate of acid development in
cheese making to be similar to the rate occurring in the cultures. Three
commercial cultures were used to inoculate pasteurized skim milk. Maxi-
mum acid development occurred in 8 hours between 85°- 90° P. When the
cultures were incubated at either 77° or 95° F., acid production was
reduced to about half of that occurring at 85°-90° F. Incubation tem-
peratures of either 60° or 100° F. showed insignificant acid development
during the 8-hour test.

Babel (4) recognized the relationship of incubation temperature to
the acid development in both cultures and c_heueuking. The rate of acid
development was studied in seven different cultures when incubated at
86°, 98°, 101°, and 104° F. Three cultures produced acid most rapidly at
86° ¥. while four produced acid most rapidly at 98° F.

Whitehead and Cox (35) made a detailed study to determine the effect
of the incubation temperature upon acid production of streptococci. Strains
of streptococci differed in the temperature réquirements for maximum acid
production. Some strains produced acid quite rapidly at 20°-30° C. and
decolorized methylene blue at 37° C. Other strains produced acid rapidly
at 200-30° C. but were slow in reducing methylene blue at 37° C. Some

strains of streptococci survived 37° C. with difficulty which may help to
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explain why some starters are so slow in producing acid in the latter
stages of cheese making. Starters suitable for Cheddar cheese making
mst be active acid producers at 20°-30° C. and must be able to grow at
37° ¢. (35).

Toens and Hammer (32) compared cultures that were incubated at
various temperatures. Incubation temperatures of 18°, 21°, 25°, and 32°
C. were found to produce good cultures. The meximum temperature above
which good cultures could not be produced was found to be between 32°-37°
c. |

Better cultures wére obtained when the amount of inoculum was
adjusted to produce coagulation within 6-8 hours at 21° C. (32). Dahlberg
and Ferris (9) tound/little difference in freshly pasteurized milk inocu-
lated with 1 per cent starter and incubated at 86° F. for 6-8 hours than when

the milk inoculated with 1 per cent starter was incubated at T70° F. for 18

hours.




CHAPTER IV

EXPERIMENTAL PROCEDURE

Preparation of Cheese Cultures. In preparing milk for the mother

cultures, approximately 100 milliliters of skim milk was poured into 6~
ounce screw cap bottles and placed in flowing steam for ome hour. After
steaming, the milk was stored in a refrigerator at 4° ¢. until the cul-
tures were transferred. The culture milk vué raised to the incubation
temperature of the cultures before the transfers were made. The same pro-
cedure was used in preparing milk for the bulk starters, except quart milk
bottles were used instead of 6-ounce bottles.

The commercial cultures, FD and HP, were selected for the experi-
ment. A comparison of each culture was made by using two temperatures of
incubation. These cultures incubated at 21° C. for 15 to 18 hours served
as the control cultures. The experimental cultures were obtained by
incubating the cultures at 32° C. for 6 to 8 hours.

Before the experimental cultures were used in making cheese, they
were transferred every day, except Sunday, for 37 days, using a 1 per cent
inoculum. After this period the cultures were transferred every other day
throughout the remaining portion of the experiment.

Cheese Manufacturing Methods. Six lots of surplus Grade A milk,
purchased from the Knoxville Milk Producers Association, was used in
making the experimental cheese. The milk was pasteurized at 144° P, for
30 minutes. The milk was then cooled to approximately 40° F. and trans-
ferred to four cheese vats. Three wefé 50-gallon vats, and the fourth was

a 100~-gallon vat.
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The cheese milk was adjusted to 86° F. in the cheese vats. In
each trial two vats of cheese milk were inoculated with 1 per cent of
the control culture and the other two were inoculated with 1 per cent of
the experimental culture. These bulk cultures were incubated at 21o Ce

The method used for manufacturing the cheese was the slow heat-
low heat treatment outlined by Jarman (2h).

Before the cheese was paraffined, samples were taken for the
determination of fat, moisture, total nitrogen, water soluble nitrogen,
and pH. After the cheese aged for three months, samples were again
taken for water soluble nitrogen and pH determinations.

Methods of Analysis. The samples for analysis were taken with a

cheese trier. Four plugs were taken from a cheese of each vat. These
samples were placed in an airtight glass Jar and stored at 40° F. until
the determinations were made. The moisture determinations were made
immediately after sawmpling, and the fat, total nitrogen, water soluble
nitrogen, and pH determinations were made within three days of sampling.
All tests were made in dnflicate.

The Babcock method outlined by Burke (8) was used in determining

the fat content of the cheese, except a 20 per cent Paley cheese test
bottle was used instead of a 50 per cent cream test bottle. A 4.5 gram
sample was used and the results were multiplied by two. The moisture was

determined by the method outlined in Official Methods of Analysis of the

Association of Official Agricultural Chemists (27), except the vacuum

varied from 17 to 28 inches and the time dried was 12 to 15 hours. The

total nitrogenof the cheese was determined by the Kjeldahl method outlined
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by Markley and Hann (26). The method outlined by Zimmerman (37) was used
to determine the water soluble nitrogen.

Twenty-five grams of ground cheese was weighed to the nearest
tenth on a butter-moisture balance. The cheese was then added to 240
milliliters of distilled water and mixed for 10 minutes in a Waring
Blender. The resulting suspension was poured into & 300-milliliter
Erlenmyer flask and incubated at 60° ¢. for one hour. During the incu-
bation the suspension was shaken at 15-minute intervals. At the end of
one hour of incubation, the suspension was mixed thoroughly and filtered
through a No. 12 fluted filter. A 25-milliliter sample of the resulting
filtrate, equivalent to 2.5 grams of the original cheese, was transferred
to a Kjeldahl flask containing 10 grams of sodium sulfate and 0.1 gram of
copper sulfate. Twenty milliliters of concentrated sulfuric acid was
added, and the nitrogen was determined according to the Kjeldahl method
(26). The results were expressed as the soluble nitrogen as per cent of
the total protein.

The Quinhydrone Electrode method described by Van Slyke and Price
(34) was used in obtaining the first pH determination of the experimental
cheese., The Beckmen pH meter was used for the other pH determinations.

The cheese was examined for slit openness at 3 weeks of age. The
examinations were made by taking plugs from each lot of cheese with a
cheese trlér and observing under natural light.

Microbiological Examinations. The activity of the cultures was

determined by the H. Leber activity test (2).




1k

The method used for determining the associates present in the cul-
tures was based upon their inability to produce noticeable changes in litmus
milk. The cultures, propagated at 21° C. and 32° C., were plated on
tomato juice agar at dilution rates to produce approximately 100 colonies
per plate. The plates were then incubated at.21° C. for 5 days. From a
plate of each culture, containing approximately 100 colonies per plate,
the colonies were picked into test tubes containing 6-8 milliliters of
litmus milk. The inoculated litmus milk was then incubated at 21° C. for
5 to 10 days. The tubes showing no acid or reduction were examined micro-
scopically for growth. If organisms were found present, they were assumed
to be associates. Those tubes showing acid, reduction, and coagulation
were regarded as S. lactis lnd/or 8. cremoris. From this the approximate
percentage of the associates occurring in the cultures were determined.

The technique described by Overcast and Albrecht (28) was used for
the detection of the gas producing Leuconostoc species present in the
cheese. Glucose milk was used as the medium for the gas producing organ-
isms. The glucose milk was tubed at a depth of 5-6 centimeters and
sterilized by intermittent steaming for one hour on 3 successive days.

Samples were taken asceptically from each lot of cheese examined.
The outer one-eighth to one-fourth inch of the surface layer of the cheese
was removed with a sterile spatula before the sample was taken. The
sample was removed with a sterile cheese trier and placed in a sterile
petri dish. Five grams of the sample were weighed into & petri dish on a
Torison Balance. A 1:2 dilution was prepared by emulsifying the 5 grams

of cheese in 9.5 milliliters of 2 per cent sterile sodium citrate solution,
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using a sterile mortar and pestle. The tubes of glucose milk, melted
and cooled at 45° €., were inoculated with the emulsified cheese of
various dilutions. An agar plug was poured on top of the inoculated
glucose milk after the glucose milk had solidified. About 5 milliliters
of sterile water was placed on top of the agar plug. The three-tube
limiting dilution technigue described by Buchanan st Fulmer (7) was used

for an estimation of the associates present in the cheese.




CHAPTER V
EXPERIMENTAL RESULTS

This experiment was designed to show the effect of an incubation
temperature of 32° C. upon the associate orgnnisms in commercial cultures
and upon the development of slit openness in chedanr cheese. Commercial
cultures, FD and HP, were used in making the experimental cheese. The
control of each of these cultures was incubated at 21° ¢. for 15-18 hours,
and the experimental culture was obtained by incubating at 32° C. for 6-8
hours. Eleven comparisons were made with these cultures, making a total
of 22 vats of cheese. The cheese was made on six different days in the
winter; spring, and summer seasons.

The comtrol cultures had a higher percentage of associates in
their flora than did the experimental cultures as shown by the inability
of the associates to produce noticeable changes in litmus milk. The flora
of the FD control culture consisted of 6-19 per cent associates; whereas
the FD experimental culture had no associates present in the representa-
tive l-milliliter sample. The HP control culture contained from 7-36 per
cent associates and the HP experimental culture had from none to 2 per
cent associates in the l-milliliter sample.

The FD culture was more active than the HP culture based upon the
/ resazurin reduction time. Both the FD control and experimental cultures
reduced the resazurin within 45 to 50 minutes; whereas the HP control
reqnired from 55 to 60 minutes for complete reduction and the HP experi-
mental culture required from 50 to 55 minutes to completely reduce the

resagurin.
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A comparison éf slit openness in Cheddar cheese, made from cul-
tures incubated at 21° and 32° C., is shown in Table I. B8ix comparisons
were made with the HP culture and five comparisons with the FD culture.
The degree of slit openness in cheese made from the FD and HP control
cultures ranged from questionable evidence of slits to distinet slits;
vhereas the degree of slit openness in cheese made from the experimental
cultures showed from no evidence of slits to questionable evidence of
slits. The third comparison with the HP culture and the first comparison
with the FD culture showed gquestionable evidence of slit openness in the
cheese made from both céntrol and experimental cultures. The other com-
parisons showed slit openness to be more pronounced in the cheese made
from the control cultures than in cheese made from experimental cultures.

The number of gas producing orgenisms present in the three dif-
ferent cheese examined is presented in Table II. Cheese (6-k-52) 1 made with
the control FD culture showed an estimate of gna producing bacteria of
125,000 while the cheese (6-4-52) 2 made with the experimental culture
showed less than 200 gas producing bacteria per gram. Similar results are
shown in cheese (6-4-52) 3 and (6-&-52) 4 using the HP cultures. Compari-
sons are also shown of the same cheese at 4 and 16 weeks of age for both
HP and FD cultures. In the ten comparisons that were made, the control
cultures showed & greater number of gas producing organisms per gram of
cheese since no evidence of gas production was shown in the lowest dilu-
tion, which was 1:200, in the three-tube limiting dilution technique

described by Buchanan and Fulmer (7).
A summary of the composition of all the experimental cheese is

given in Table III. No significant difference in the composition is
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TABLE I

THE DEGREE OF SLIT OPENNESS IN CHEESE MADE FROM
CULTURES INCUBATED AT 21° AnD 32° C.
AND RIPENED AT 50° F.

new on grees o

Date ; Temperature of 81it
Made Cheese Culture culture (° ¢.) Openness®
2-22-52 3 HP 21 +
4-17-52 1 HP 21 e
5- 1-52 3 HP 21 +
6- 4-52 3 HP 21 ++
9- h-52 3 HP 21 e
9-11-52 3 HP 21 +4+
2-22-52 4 HP, 32 +
4-17-52 2 HP; 32 +
5- 1-52 b HPg 32 L
6- L4-52 4 HPg 32 +
9- 4-52 L HPg 32 d
9-11-52 b HPg 32 +
2-22-52 1 ¥D 21 &
5~ 1-52 D 21 o
6- 4-52 1 FD 21 ++
9- 4.52 b FD 21 ++
9-11-52 1 ¥D 21 et
2-22-52 2 FDs 32 +
5- 1-52 2 FDg 32 +
6- b-52 2 FDg 32 ¥
9- k-52 2 FDg 32 +
9-11-52 2 FDg 32 -

& _ = no evidence of slits; * = questionable evidence of slits;
+ = very slight evidence of slits; ++ = slight evidence of slits; +++ =
distinet slits.
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TABLE II

NUMBER OF GAS PRODUCING ORGANISMS PER GRAM
AS DETERMINED BY THE LIMITING DILUTION
TECHNIQUE IN GLUCOSE MILK

e 0 mperature er o
Date Cheese of Incuba- Bacteria/g.
Made Cheese (Weeks) Culture tion (° C.) Cheese
6- 4-52 1 10 FD 21 ; 125,000
9- 4-52 1 b FD 21 140
9- 4-52 1 16 ¥D 21 19,000
9-11-52 1 by FD 21 600
9-11-52 1 16 FD 21 600
6- 4-52 2 10 . ¥Dg 32 Less than 200
9- h-52 2 4 FDs 32 Less than 200
9- 4-52 2 16 FDs 32 Less then 200
9-11-52 2 4 FDg 32 Less than 200
9-11-52 2 16 FDg 32. Less than 200
6- h-52 3 10 HP 21 80,000
9- h-52 3 b HP 21 60,000
9- 4-52 3 16 HP 21 180
9-11-52 3 b HP 21 60,000
9-11-52 3 16 HP 21 280
6- 4-52 4 10 HPg 32 Less than 200
9- h-52 4 4 HPg 32 Less than 200
9~ L-52 y 16 HPg 32 Less than 200
9-11-52 L h HPg 32 Less than 200
9-11-52 L 16 HPg 32 Less than 200

W
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showﬁ in favor of either the control or experimental cultures. The fat
content of all the cheese varied from 30.8-32.6 per cent and the fat
calculated and expressed as the per cent fat in dry matter ranged from
50.65-54.03 per cent which met the legal requirements as set by the
Pederal Register (11). The total protein content ranged from 22.88-25.30
per cent. The per cent water soluble nitrogen, calculated and expressed
as per cent of total protein, varied from 6.86-21.0 per cent at 3 days
of age and from 24.34-36.09 per cent at 3 months of age. The pH of the
cheese varied from 5.1-5.3 at both 3 days and 3 months of age.

There was no observable difference in the flavor of cheese made
from the control and experimentai cultures.

The cheese made from the control cultures in soﬁe cases showed a
slight bulging of the cheese surfaces. The control cultures produced a
softer and a more spongy body than the experimental cultures. By pressing
the surface of the cheese, the cheese made from the control cultures

could be identified.
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CHAPTER VI
DISCUSSION

The flora of commercial cultures that are commonly used in Cheddar
cheese making consist of various strains of 8. lactis and/or 8. cremoris

plus their associate organisms, L. citrovorum and L. dextranicum. The

associates produce a relatively large amount of carbon dioxide which is

the primary method for differentiating them from 8. lactis and 8. cre-

moris (12). This characteristic of the associates gives reason to sus~
pect them as a source of slit openness since their presence in commercial
cultures is quite significant. 8lit openness was produced by inoculating
the cheese milk with the associate organisms (28, 30). This was further
proof that the associates may be a possible source of slit openness. These
findings of Sherwood (30) and Overcast and Albrecht (28) have been con-
firmed and extended. The data presented showed that in 9 comparisons out
of 11, the culture containing the greater number of associates produced
the greater degree of slit openness.

The flora of a commercial culture may be influenced by the incuba-
tion temperature (16). The growth of the organisms may be slowed down or
completely stopped depending on the extent the temperature is varied above

‘or below their optimum for growth. 8. lactis and 8. cremoris require a

higher temperature for optimum growth than do L. citrovorum and L. dex-

tranicum. The incubation temperature that is commonly used by cheese
plants was used for the control culture. These cultures were incubated
at 21° €. which is optimum for the growth of the associates. The experi-

mental culture was incubated at 32° C. which was near the optimum for 8.
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lactis and 8. cremoris aend the maximum for the asscciates. It seems that
this would account for the removal or the reduction of the associates from
the experimental culture.

81it openness appears to be more serious at certain seasons of the
year than at others. The cheese made in September showed a greater degree
of slit openness than did the cheese made in the late winter, spring, and
summer months. Since many of the farmers in Tennessee breed their cows to
freshen in the early spring, meny of the cows were probably in the later
part of their lactation in September. The pastures were very short in this
month due to the extremely dry summer. These two factors may have caused
& variation in the composition of the milk, thereby influencing the nature
of the curd to become more susceptible to slit openness. More research is
evidently needed to determine the cause for the seasonality of slit open-
ness.

The associates, L. citrovorum and L. dextranicum, are responsible
for the production of the flavor and aroma compounds, acetylmethylcarbinol
and diacetyl, in the commercial cheese culture, but the value of these
compounds in Cheddar cheese, added by the commercial culture, is insig-
nificant. This indicates that the associates have little value in
determining the Cheddar cheese flavor.

The cheese made from the control culture showed a greater number of
gas producing organisme than did the cheese made from the experimental cul-
ture. The degree of slit openness was more pronounced in the cheese con-
taining the high numbers of gas producing organisms. It appears that a

better textured cheese may be made by using certain strains of 8. lactis
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and/or 8. cremoris with fewer associates which may be obtained by incu-

bating the commercial culture at 32° C.




CHAPTER VII
SUMMARY

A commercial cheese culture incubated at 32° C. for 6 to 8 hours

has fewer associate orgenisms, L. citrovorum and L. dextranicum, than when

incubated at 21° C. for 15 to 18 hours. Cheese made from the latter
cailture, which had the greater number of associates, contained a greater
number of gas producing organisms than did the cheese made from the cul-
ture incubated at 32° C. The presence of the gas producing organisms
showed an influence upon the development of slit openness. The degree of
slit openness in the cheese made from cultures incubated at 32° C. ranged
from no evidence of slits to questionable evidence of slits, whereas the
degree of slit openness in the cheese made from the culture incubated at
21° ¢. ranged from guestionable evidence of slits to distinet slits.
There was no significant difference in the composition and flavor

of the cheese made from the culture incubated at 21° C¢. or 32° C.
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