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In an attempt to investigate the probable roles of lactic starter 

flora in the development of fruitiness and slit- openness in Cheddar 

cheese, several experimental lots of cheese were made with different 

commercial lyophilized starters until the defect could be consistently 

duplicated. From many such trials, two cultures, B and C, which re- 

peatedly provided the defect, and one, designated as A, tiat yielded 

high -grade product, were selected for further experiments. With 

starter culture as the only variable, "defective" and "normal" cheeses 

were made under uniform operating conditions in adjacent vats from 

portions of the same bulk milk to compare the microbiological and 

chemical changes occurring within the respective cheeses. 

Attempts to correlate differences between "normal" and "de- 

fective" starters in the rates of cheese - sugar and -protein degrada- 

tion to the development of fruity flavor and slit- openness in cheeses 

were unsuccessful; no significant differences were noted in this regard 

r:t, . 



between starters A, B, and C. Distinct differences throughout the 

ripening period, however, were observed in the starter population 

trends in the cheeses made with the "normal" and the "defective" 

cultures. Starter A exhibited a rapid decline in numbers of the starter 

population; cultures B and C persisted at very high population levels 

for prolonged periods. As a result, the progressive replacement of 

starter flora by succeeding lactobacilli, considered necessary for 

normal flavor development, was considerably delayed in the "defec- 

tive" cheeses. In the "normal" cheeses, replacement occurred within 

six to eight weeks. 

Taxonomic studies on starters A, B, and C showed that the "nor- 

mal" culture was almost entirely made up of S. cremoris strains, and 

the "defective" starters contained S. lactis and S. diacetilactis strains 

in addition to S. cremoris strains. Of these, the S. lactis and S. 

diacetilactis strains were generally found to produce greater concen- 

trations of carbonyl compounds in milk cultures than S. cremoris 

strains, and as such the carbonyl concentrations in milk cultures of 

B and C were considerably greater than in A. Similar trends were 

observed when known strains of S. cremoris, S. lactis, and S. dia- 

cetilactis were compared for total carbonyl production in milk cul- 

tures. 

No striking differences in the types or numbers of carbonyl com- 

pounds were found in milk cultures of starters A and C. However, in 



a given amount of culture, the latter had higher concentrations of 

formaldehyde, acetaldehyde, diacetyl, and possibly pyruvic acid. 

The effect of the "defective" starter strains on the final flavor of 

Cheddar cheese was, therefore, reasoned to be two -fold. One was 

indirect and concerned with the sequential predominance of different 

microbial flora that occurred within the ripening cheese. The other 

was direct and related to the starter metabolic activity, and the ac- 

cumulation within the cheese of certain carbonyl compounds important 

in flavor impairment. 
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PRODUCTION OF CARBONYL COMPOUNDS 
BY LACTIC STREPTOCOCCI: RELATION 

TO CHEDDAR CHEESE FLAVOR 

I. INTRODUCTION 

For the past decade or more, the dairy industry of the United 

States and Canada has been plagued with the constant recurrence of 

slit- openness accompanied by fruity and /or fermented flavors in 

Cheddar cheese. Reports in the literature record the incidence of 

similar problems in Australia. In the United States, conservative 

estimates on the occurence of this defect approximate 15 percent of 

the annual production. With a yearly turn -over of more than a billion 

pounds of cheese, the monetary loss suffered by the industry due to 

such degraded quality is considerable. The problem has special signi- 

ficance to the state of Oregon because of the location of several large - 

scale cheese operations within its borders. With this in view, this 

study was initiated in the fall of 1961 to investigate the probable micro- 

biological factors contributing to this composite body- and flavor - 

defect. 

Up until the widespread introduction of pasteurized milk for 

cheese manufacture, slit- openness and off -flavors in the final product 

were dismissed as manifestations of the activity of the coli- aerogenous 

group of bacteria and /or the lactose fermenting yeasts. A large 

majority of such defects in raw milk cheeses were indeed due to these 
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organisms. Although a few indirect incriminating evidences pointing 

to certain lactic acid bacterial strains are encountered in the early 

literature, only of late has serious attention been given to the starter 

strains as probable direct contributors to the body and flavor of the 

finished product. 

The present study was initiated due to this renewed interest in 

starter cultures and was carried out to investigate the following: 

1. The probable relationship between the bacterial strains in 

widely used commercial mixed strain starter cultures and the 

aforementioned specific body- and flavor- defect. 

2. The probable causes and sequence of chemical and micro- 

biological changes leading to the abnormal body and flavor. 

3. The arbitrary criteria. for the selection of starter strains to 

ensure the production of excellent quality cheese. 

This investigation was started with experimental cheese manu- 

facture on a pilot -plant scale under conditions simulating commercial 

practice. Several combinations of commercial starters were experi- 

mented with, until the typical defect could be repeatedly duplicated 

by the use of certain specific starter cultures. Combinations of 

starters that could yield excellent grade cheese were also determined 

in similar trials. Using the same bulk milk, and varying only the 

starters, it was thus possible to make faulty cheese in one vat along- 

side another vat of excellent quality cheese. Several lots of such 
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cheeses were made and sampled periodically for chemical and bacter- 

iological analyses. 

Taxonomic, quantitative, and associative growth studies of the 

cultures in milk and cheese, were conducted to establish the pattern 

of behavior and identity of the "desirable" culture as opposed to the 

"undesirable" culture. 

The final phase of this study was directed at determining the 

probable relationship between the amounts and kinds of carbonyl com- 

pounds produced in milk cultures of "desirable" and "undesirable" 

strains and the final flavor of the respective cheeses. 
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II. HISTORICAL REVIEW 

Reports on Slit- Openness and Off -Flavors 
in Cheddar Cheese 

Reports of gassiness and off -flavors in Cheddar cheese are found 

in the literature published even prior to 1900. Russell (116) in one of 

the earliest reports contended that the causative organisms invariably 

were lactic acid -producing bacteria, which liberated carbon dioxide 

and hydrogen during the decomposition of lactose. He found that these 

organisms could be destroyed by pasteurization and rendered incapable 

of gas-production by acidification to O. 15 to O. 20 percent lactic acid. 

Moore and Ward (97, p. 125) incriminated organisms closely re- 

sembling Bacillus coli communis for gas- and taint -production in 

Cheddar cheese. The authors were able to duplicate the defects 

through controlled experiments performed by adding the bacilli to 

sterilized milk used for cheese manufacture. Closely following the 

above report, Marshall (92, p. 193 -205) described a similar organism 

of the colon group to be responsible for gassiness in cheese. 

Harrison (56, p. 29 -30; 57, p. 9 -10) in two separate papers 

referred to the occurence of a mottled defect in Cheddar cheese prob- 

ably caused by the liberation of gaseous products generated by yeasts 

in one case, and by organisms resembling coliforms in the other. 

The latter also imparted an undesirable odor and flavor to the product. 
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The author recommended the use of active starters or pasteurization 

of cheese -milk to eliminate the undesirable bacteria. 

In a later study, Harrison (58) isolated a number of Torulae 

yeasts from cheese samples. Some of these strains caused fruity - 

flavor in milk resembling strawberry, pineapple, and pear flavor, 

suggesting the presence of ethyl butyrate, ethyl acetate, and ethyl 

formate. 

Whitehead (148) reported the production of off -flavors in cheese 

by bacilli of the colon group, when added to milk immediately before 

cheese -making. He noted that the organisms failed to produce gas 

in presence of lactic streptococci even when present in large numbers. 

The most important groups of microorganisms concerned with gassi- 

ness in cheese and other dairy products were listed as yeasts, lactic 

acid bacteria, coliforms, and spore forming anaerobes by Allen (5). 

Working in New Zealand, Sherwood (129) was able to isolate 

several strains of lactobacilli intermediate between L. casei, L. 

plantarum, and L. brevis and strains of betococci from "open cheese ". 

When these isolates were added to cheese -milk, rapid carbon dioxide 

evolution produced slit -openness in the cheese. In a study of the role 

of lactobacilli in flavor flavor production, this same author (130) was 

able to demonstrate the development of unclean "fermented" flavors 

when the cheese -milk was seeded with natural mixtures of lactobacilli 

from mature cheeses. 
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In 1952, Overcast and Albrecht (104) encountered open body in 

Cheddar cheese, generally referred to as "slit- openness, " and isolated 

several cultures of Leuconostoc citrovorum from the product. One 

such isolate, in combination with Streptococcus lactis 712 gave the 

typical "slit- openness" when used in cheese manufacture; Strepto- 

coccus lactis 712, when used alone, did not cause the defect. In 

follow -up studies, Albrecht and Ashe (1) investigated the seasonal 

slit -open defect in Cheddar cheese, which occurred frequently in the 

fall and winter months. They found that this defect commenced during 

the early stages of ripening and caused the rupture of curd particles. 

The defect could be accelerated at a ripening temperature of 500 F. 

They suggested that heterofermentative lactic acid bacteria probably 

produced large amounts of CO2, far exceeding the limits of solubility 

and diffusibility in the cheese; this apparently caused the curd parti- 

cles to rupture under the pressure of the excessive amounts of gas. 

Early gas defect in pasteurized milk Cheddar cheese was found by 

Ernstrom (43) to be caused by conforms which normally entered the 

milk as a result of post -pasteurization contamination through unclean 

equipment. The late gas defect in ripening cheese was attributed by 

Price (109) to anaerobic spore- forming organisms similar to Clos- 

tridium butyricum which probably were introduced into the cheese 

milk from silage, teats of cows, and other probable sources. Oldham 

and Morris (103) also studied delayed gas formation in Cheddar cheese 
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and they demonstrated that high gas -producing lactic acid bacteria 

could cause this defect. 

In a recent paper published in Australia, Dawson and Feagan (31) 

reported that high temperature Cheddar cheese made with normal 

starters developed open texture. They suggested that the openness 

was caused by the fermentation of residual sugar by non -starter or- 

ganisms. 

The Role of Microbial Flora in Cheddar Cheese 
Manufacture and Ripening 

The literature on microbial flora of Cheddar cheese may be 

grouped into those pertaining to "starter organisms" and those that 

are concerned with the non - starter, adventitious flora. 

Role of Starter Bacteria 

Hucker and Marquardt (67, p. 3) studied the effect of certain 

streptococci associated with commercial starters upon the flavor of 

Cheddar cheese made from the same bulk milk. Comparisons were 

made between experimental lots manufactured by the use of specific 

test strain(s) as starter, and control cheeses made by direct acidifi- 

cation with lactic acid. They found that Streptococcus paracitrovorus 

Hammer, when added to milk either in conjunction with commercial 

starters or alone, appeared to have a desirable effect upon the flavor 
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of the cheese. Further, the organism improved the flavor of pasteur- 

ized milk cheese to the extent that the flavor was very similar to that 

of raw milk cheese. Among the other strains tested, Streptococcus 

citrovorus Hammer and Streptococcus lactis Lohnis appeared to have 

no effect on flavor. 

In an investigation on the rate of chemical changes in milk brought 

about by strains of lactic acid streptococci, Kelly (75, p. 3) noted that 

the relative proteolytic activity of Streptococcus cremoris Orla- Jensen 

was more comparable to that of commercial starters than that of S. 

lactis (Lister) Lohnis as determined by the Van Slyke amino -nitrogen 

analysis. From these data, he concluded that S. cremoris Orla- 

Jensen was the active organism in "starters" rather than S. lactis 

(Lister) Lohnis. In a later study, Kelly (76, p. 3) used S. lactis, 

S. cremoris, and a commercial starter separately for cheese manu- 

facture to evaluate the suitability of the two species for use as cheese 

starters. He followed the bacterial population and proteolytic changes 

in the ripening cheese and graded the cheese after ten weeks. He ob- 

served little differences in the quality of the cheeses or the rates of 

protein -hydrolysis by the two species and the commercial starter. 

With regard to bacterial numbers, S. lactis gave higher counts than 

S. cremoris when cheeses made from the same lot of milk were corn- 

pared. On the basis of the above observations and inferences drawn 

from another investigation (77, p. 3 -4), Kelly concluded that acid 
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production was the chief function of a starter and that the starter had 

little direct action on the flavor and aroma of cheese. 

In the course of studies on the rate of ripening of Cheddar cheese, 

Freeman and Dahle (50, p. 5 -8) found a wide distribution of strepto- 

cocci in cheeses of various ages ranging from one day to one year. 

However, no correlation was found between bacterial numbers and 

final flavor of the product. Hansen et al. (53) used two commercial 

starters (Ericsson and Ames 122), S. lactis, S. paracitrovorus, and 

S. citrovorus, to investigate the influence of different starters on the 

quality of Cheddar cheese. The commercial starters yielded good 

cheeses from the standpoint of body and flavor characteristics. S. 

lactis gave cheeses with equal flavor characteristics, but poor in 

body and texture. The cheese from the remaining two cultures had a 

bitter flavor. 

Allen and Knowles (6) grouped the Cheddar cheese flora into four 

categories -- viz: starter organisms, the rennet flora, the udder 

flora, and the adventitious flora. Their data from cheese- making ex- 

periments revealed that vigorous starters consisting of a mixture of 

species of lactic acid streptococci were preferable to slow starters 

for the induction of proper ripening in cheese, especially when milk 

of low -bacterial count was used for cheese manufacture. Deane and 

Anderson (36) found no significant differences in the quality of cheeses 

made with S. citrovorus, S. paracitrovorus, S. lactis, and a 
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commercial starter when used separately. In all cases, the highest 

bacterial counts were recorded when the cheese was one day old. 

When the commercial starter was used, S. lactis was found to be the 

most prominent organism in the cheese. 

The presence of "associative" lactic streptococci S. citrovorus 

and S. paracitrovorus along with lactic -acid producing streptococci 

in mixed cultures used for American Cheddar cheese was reported by 

Prouty and Golding (110). The "associative" types posed special 

problems in vacuum packaged cheese because of the accumulation with- 

in the package of carbon dioxide produced by these types in the pre- 

sence of acid producers. S. paracitrovorus was found to produce 

more gas than S. citrovorus under similar conditions. 

Some observations important in Cheddar cheese ripening were 

made in 1951 by Baribo and Foster (9). They described a heat - 

stable substance inhibitory for L. casei and certain strains of lactic 

streptococci which was produced by nine strains of S. lactis and S. 

cremoris and three commercial starter cultures. The inhibitory 

principle was produced rapidly during the first 24 hours of growth and 

continued to increase up to 60 hours. When these cultures were used 

for cheese manufacture, the whey and curd obtained during manu- 

facture were inhibitory to one strain of L. casei. The authors sug- 

gested that the production of the inhibitory principle by starter or- 

ganisms might delay the growth of lactobacilli in cheese, and may also 
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exert a selective action that favored the predominance of less sus- 

ceptible lactic acid producing rods among the cheese flora. 

Among 48 isolates of Group N streptococci from cheese curd, 

Zielinska and Hiscox (1 52) encountered some strains which caused 

severe gassiness in cheese curd. These strains resembled S. dia- 

cetilactis or S. citrophilus in respect to copious carbon dioxide forma- 

tion, production of acetic acid and C4 compounds from citrate, but 

differed in their ability to produce small amounts of acetoin from lac- 

tose. The authors considered that the role of these strains might be 

something more than mere acid production because of their ability to 

produce diacetyl and acetic acid in milk. 

Tittsler et al. (138) found that lactic streptococci predominated in 

young cheese regardless of the quality or pasteurization of milk. 

Dawson and Feagan (30) studied this more thoroughly, investigating 

the trend of starter population during the manufacture and curing of 

Cheddar cheese; product was made with 14 strains of S. lactis, S. 

cremoris, and S. diacetilactis. During the manufacture of cheese, 

S. lactis and S. diacetilactis attained the highest number at halfway 

cheddaring; S. cremoris reached highest numbers at milling. S. 

lactis and S. diacetilactis persisted in the ripening cheese longer than 

S. cremoris, which virtually disappeared in eight weeks. The authors 

were able to demonstrate that the persistance was related to salt toler- 

ance. They also noted colony or clump formation by S. cremoris in the 
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cheese as opposed to even scattering of S. lactis and S. diacetilactis. A 

greater proportion of reisolates of S. lactis from chesses made with this 

species were vigorous acid producers as compared with isolates from 

cheeses made with only S. cremoris. 

Walter et al. (147) compared the relative salt tolerances of S. 

lactis and S. cremoris to increasing concentrations of salt in Cheddar 

cheese curd. Most single strains of S. lactis were not inhibited by 

less than 1. 6 percent salt and not significantly by levels ranging from 

1. 6 to 2. 0 percent. S. cremoris on the other hand, exhibited slight 

inhibition at 1. 5 percent; definite inhibition occurred at 1. 6 percent 

and complete inactivation was noted at 2. 0 percent and above. How- 

ever, some strains of S. cremoris were more salt tolerant than cer- 

tain strains of S. lactis. Mixtures of the two species were more uni- 

form in salt tolerance and generally were not affected by concentra- 

tions around 1. 5 percent. They also noted that whenever there was 

insufficient acid production, the cheese developed fruity flavors, and 

cheese containing 2. 0 percent salt failed to ripen normally. Marth 

and Hussong (95), using a commercial mixed -strain starter culture, 

made similar observations in milk fortified with different levels of 

sodium chloride. 

The distribution and development of bacteria during the maturing 

of New Zealand Cheddar cheese was investigated by Rammell (111) 

using stained sections of cheese. The starter streptococci were found 
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to occur singly and in small groups throughout the mass of the cheese 

such that their distribution on a microscopic scale could be termed 

"very irregular ". 

Perry (108) studied the influence of S. lactis and S. cremoris 

starters on the flavor of Cheddar cheese using single strains of the 

above species as starters. Three S. lactis strains imparted an ab- 

normal flavor, which he termed "dirty and fruity ". The defect in- 

creased with age. The off - flavor slightly differed from strain to 

strain. Of the three strains used, S. lactis ML -3 yielded typical 

"fruity" flavor. His observations regarding prolonged persistance of 

S. lactis in the cheese agreed with previous reports. On the basis of 

such a trend, he suggested that the development of the "lactis" flavor 

might be either direct or indirect. The direct effect would be due to 

abnormal flavoring substance(s) produced by S. lactis. The indirect 

effect would be due to suppression of adventitious flora caused by the 

prolonged survival of S. lactis. 

Several papers have been published on the correlation between 

the proteolytic activity of starter cultures and bitterness in cheese. 

Czulak and Shimmin (24) were able to demonstrate this relationship 

by showing that cell -free extracts from a single strain starter known 

to yield bitter cheese, liberated lesser amounts of amino -nitrogen 

from sodium caseinate in comparison with extracts from another 

single strain starter that did not produce bitterness in cheese. From 
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eleven strains of S. cremoris tested in cheese - making trials, Emmons 

et al. (41) obtained seven strains that caused bitterness in cheese. 

Cheeses made from the eleven strains were subjected to nitrogen an- 

alysis. In all cases, the hydrolysis of bitter -tasting peptides was 

much less in the bitter cheeses made from the seven strains relative 

to that of the cheeses made with the remaining four "non- bitter" 

strains. In a later publication, the same authors (42) reported that 

combinations of bitter and non -bitter strains of S. cremoris some- 

times yielded non -bitter cheeses, and the intensity of bitterness usual- 

ly decreased as the proportion of the non -bitter cheese -producing 

strain in the starter increased. They also noted that the intensity of 

bitterness was higher in cheeses where the average chain lengths of 

TCA- soluble peptides and amino acids were higher. Stadhouders 

(135) reported similar differences in proteolytic ability of starters to 

account for bitterness in cheese. 

Yamamoto and Yoshitake (151) demonstrated the proteolytic func- 

tion of starter organisms in cheese - ripening by comparing the number 

and amount of free amino acids produced in cheeses made with and 

without starter. Paper chromatography of cheese extracts showed 

that 15 amino acids appeared in the cheese made with starter after 

ripening for 30 days. In the cheese made without starter only three 

amino acids were detected after a similar period, and only seven 

amino acids after seven months. Quantitatively, cheeses made with 
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starters had higher amino acid content than non - starter cheeses. 

Szaba and Balatoni (137) experimented with seven different lactic 

acid bacterial cultures as starters for Cheddar cheese manufacture. 

In their study, S. lactis and S. cremoris failed to produce enough acid 

in the curd and the cheese was "split ". They obtained the best re- 

sult with a mixed culture of Lactobacillus lactis and S. thermophilus 

when used at the rate of O. 1 to O. 3 percent inoculum. Yamamoto et 

al. ( 150) recommended a starter mixture of L. bulgaricus and S. 

lactis for Cheddar cheese making. 

The presence of high gas -producing strains of S. diacetilactis in 

mixed starter cultures has been reported to cause openness and off - 

flavors in Cheddar cheese and also floating curd particles during cook- 

ing of the cheese (118, 120). Davis and Thiel (29), employing a suit- 

able buffer system in broth cultures of hetrofermentative lactic strep- 

tococci, found that gas production by these cultures was the least at 

the extremes of the pH range of growth. Several simple tests have 

been devised to estimate gas production by mixed starters (21, 118, 

119). 

Strain dominance in mixed cultures of lactic streptococci has 

been recognized to bring about changes in the behavior and properties 

of composite cultures. Collins (18) made 308 different combinations 

of 22 cultures of S. cremoris, five of S. lactis, and six of S. dia- 

cetilactis to study strain domination. In 107 of 110 mixtures, 
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antibiotic -producing cultures markedly dominated non- antibiotic- 

producing cultures within two days. He also noted gradual strain 

domination due to differences in competetive growth ability. These 

inhibitory substances elaborated by lactic streptococci have been 

isolated and purified (64, 105). Anderson and Leesment (8) reported 

that when different strains of S. diacetilactis were combined either 

with S. lactis or S. cremoris as two- strain starters, S. diacetilactis 

showed a definite tendency to dominate the other two species. The 

dominance was more pronounced at 22° C than at 20o C and S. lactis 

was affected to a greater extent than S. cremoris. Using host -specific 

bacteriophages, Henning et al. (63) showed that in mixed cultures of 

lactic streptococci, S. diacetilactis exhibits almost complete domi- 

nance after only three or four transfers. The presence of lysogenic 

strains in a mixture could also lead to dominance by the lysogenic 

strain due to the lysis of susceptible strains (23). 

Conflicting reports on compatibility among starter strains are 

found in the literature. Czulak and Hammond (22) found that blends 

of S. cremoris with S. lactis or S. diacetilactis were more stable 

than blends of strains of S. cremoris. Contrary to this, Lightbody 

and Meanwell (82) reported that S. cremoris always became dominant 

in a mixture of lactic streptococci. The workers concluded that the 

biochemical reactions of individual bacterial components did not 

necessarily determine the final balance of organisms in a mixture. 
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Dahlberg and Kosikowsky (28) used Streptococcus faecalis as a 

single strain starter for cheese manufacture and found that the or- 

ganism increased the rate of ripening and also improved the flavor due 

to its greater proteolytic activity. The organism survived in the 

cheese in large numbers up to 180 days. Hall (51) tried an unusual 

combination of S. lactis and B. coli to investigate whether such a com- 

bination would serve as a vigorous acid -producing starter at cooking 

temperatures encountered in cheese manufacture. The author found 

that, in a proper mixture, S. lactis and B. coli proved to be a super- 

ior starter. Sterile extract from B. coli was also found to be stimu- 

latory for S. lactis. The coliforms disappeared rapidly in the cheese 

and the cheese flora was dominated by streptococci. She, however, 

cautioned against indiscriminate use of B. coli. 

Mabbitt (84) considered that the main contribution of starter or- 

ganisms to flavor production might be related to two phenomena, 

viz: The death rate of the starter strain which would parallel the re- 

lease on autolysis of proteolytic enzymes within the cells contributing 

to the breakdown of curd protein, and the change in environment lead- 

ing to the quicker establishment of succeeding flora. Feagan and 

Dawson (47) found significant differences in microbiological sequences 

and flavor in duplicate cheeses made with starter culture as the only 

variable, in contrast to similar patterns of microbial flora, and flavor 

and grade scores observed in duplicate cheeses made with the same 
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starters and no variables. Their findings suggested that the starter 

strains directly or indirectly influenced the flavor of the cheese. In 

these experiments, the authors observed that non - starter bacteria did 

not proliferate until the starter population dropped to a low level and 

that the starter strains influenced the growth of non - starter flora. 

Role of Non -Starter or Adventitious Flora of Cheese 

The important groups of non - starter bacteria in Cheddar cheese 

belong to the genera Lactobacillus, Micrococcus, Pediococcus, and 

Streptococcus. Other minor microbial groups have also been reported 

in the literature. Evans et al. (45) surveyed raw and pasteurized 

milk cheeses to determine the bacterial groups concerned in the pro- 

duction of characteristic flavor in Cheddar cheese. They reported 

that the organisms found repeatedly in numbers so as to indicate a 

role in the production of the characteristic flavor of cheese fell under 

four groups, viz: Bacterium lactis acidi, B. casei, Streptococcus, 

and Micrococcus. The flora or raw milk cheeses were varied, while 

that of pasteurized milk cheeses were found to be dependent upon the 

flora of the starter; the only exception to the latter finding was that of 

the widespread distribution of B. casei in all cheeses. They con- 

sidered this organism to be responsible for sharpness in aged cheese. 

Hastings et al. (62, p. 51 -53) in a similar study found B. lactis acidi, 

B. bulgaricus, and cocci to be the most common flora during the 
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ripening of Cheddar cheese. 

In studies on New York cheese, Hucker (66, p. 35 -37) isolated 

265 cultures from 39 lots of product. The majority of the isolates 

were made from poor quality cheese. In the order of frequency of oc- 

currence, he grouped the isolates into spore- formers, Gram -negative 

rods, lactobacilli, S. lactis, cocci, other streptococci, and yeasts. 

Flora of poor grades of cheeses were primarily composed of spore- 

formers and Gram- negative rods. Better samples had lactobacilli 

as the predominant flora. Allen and Knowles (6) found that the major- 

ity of lactic streptococci and bacilli isolated throughout the ripening 

period of cheese were of a type unable to grow vigorously in milk with- 

out fortification with a suitable nitrogen source. 

From 36 lots of typical cheddar cheese ranging in age from one 

to 80 weeks, Sherwood (129) isolated 720 strains. The dominant or- 

ganism was Streptobacterium plantarum, closely followed by Strepto- 

bacterium casei. Betabacteria and betacocci were found in smaller 

numbers. The author considered that betabacteria replaced Sbm. 

plantarum in the microbial sequence of ripening cheese. Strains of 

Sbm. plantarum differed in their effect on cheese quality when added 

to milk. One strain had beneficial effects on the flavor of the cheese, 

another had no apparent activity, and two others caused serious de- 

fects such as off -flavors, discoloration and occasionally open texture. 

He also found that the flora of the high grade product consisted mainly 
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of one or two varieties of Sbm. plantarum often associated with Sbm. 

casei or a small proportion of betabacteria. 

In a later study, Sherwood (130) experimented with the addition 

of selected strains of streptobacteria to pasteurized milk for cheese 

making in an attempt to improve the flavor of the cheese. He ob- 

tained the best results when he employed relatively small inocula in- 

corporated with the "mother" starter culture. The Sbm. plantarum 

strains he used were found to grow better in association with some 

starters than with certain others. 

Evans (44) isolated several streptococci from Cheddar cheese that 

were distinct from Streptococcus lacticus in that they produced very 

minute quantities of acid in milk. She referred to these organisms 

as "cheese streptococci ", which were considered to produce esters 

and alcohols through their metabolic activity in the ripening cheese. 

Tittsler et al. (138) reported that after one month of maturing, 

the flora of pasteurized milk cheese was almost entirely made up of 

enterococci, while that of raw milk cheese consisted of lactobacilli, 

enterococci, and a few other diversified forms. The same authors 

in a later study (139) analyzed several batches of duplicate cheeses 

made from the same pasteurized bulk milk, one of which was made 

with the addition of lactobacilli besides the normal lactic starter, 

used in both cases. Their analytical data up to six months of ripen- 

ing showed that L. casei, L. arbinosus, L. pentosus, L. fermenti, 
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and L. plantarum grew rapidly from two to 12 weeks, while L. bul- 

garicus, L. helviticus, L. lactis, and L. acidophilus disappeared 

after two weeks. Grading of the cheeses after ripening for six months 

revealed that L. fermenti produced gas and off -flavor; L. casei in- 

creased sharpness but not proteolysis; L. arabinosus, L. pentosus, 

and L. plantarum accelerated desirable flavor development. 

Johns and Cole (71) reported that lactobacilli multiplied rapidly 

during the first few days of curing; attained maximum levels after 

three months; and declined rapidly after 12 months. They noted a 

distinct correlation between flavor intensity of the cheese and the num- 

bers of lactobacilli present in the milk at the start of cheese - making 

operations and at subsequent stages of cheese curing. 

Mabbitt and Zielinska (85) investigated the factors affecting the 

growth and survival of lactobacilli in Cheddar cheese. Based on their 

observations of the inhibiting effect of cheese serum (obtained by 

pressing cheese) on lactobacilli, they suggested that increasing os- 

motic pressure of cheese serum due to accumulation of free amino 

acids, could be inhibitory to lactobacilli. They suggested that amino 

acid imbalance could be another important factor influencing the num- 

bers of lactobacilli, and were also of the opinion that since lacto- 

bacilli required carbohydrate as an energy source, the amounts of 

residual sugar after utilization by lactic streptococci might control 

the survival of lactobacilli in cheese. 
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Naylor and Sharpe (99) used special media for the isolation and 

serological techniques for the typing of lactobacilli found in Cheddar 

cheese. By the use of the special media that suppressed streptococci, 

they were able to detect lactobacilli in the early stages of ripening 

even when the starter organisms predominated the cheese flora. The 

growth curves of streptococci and lactobacilli (the former declining 

and the latter increasing) crossed when the cheeses were six weeks 

old. Of the lactobacilli isolated, the proportions of L. casei, L. 

plantarum, and L. brevis were 75, 8, and 17 percents respectively. 

In a closely related study, the same authors (100) were unable to show 

any similarity in numbers or types of lactobacilli in duplicate cheeses 

made from the same bulk milk under similar conditions, which had 

similar flavor characteristics. This led them to propose that there 

was no relationship between specific serological types of lactobacilli 

and the final flavor of the cheese, but that the similarity in flavor of 

duplicate cheeses suggested the combined effect of several Lacto- 

bacillus types acting in unison or that the flavor was determined by 

factors other than lactobacilli. Feagan and Dawson (47) also made 

similar observations as to the role of lactobacilli in the formation 

of Cheddar cheese flavor. They argued that lactobacilli might be 

considered to have an associate rather than the main influence on the 

flavor of the finished product. 

Franklin and Sharpe (48) studied the effect of the bacterial content 
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of milk used for making Cheddar cheese on the flora and quality of 

the cheeses produced. They found that the numbers of bacteria in the 

cheeses at three months were slightly greater in the lots made from 

milk subjected to lower heat treatments (63° C for 17 seconds). L. 

casei was the predominant organism in cheeses made from both high 

temperature- heat- treated milk (71° C for 17 seconds) as well as the 

lower heat -treated milk. The milk used for cheese making was found 

to play a part in determining the species which would grow in the 

cheese. There was a definite correlation between full flavor and the 

numbers of lipolytic non -starter bacteria in the cheese. The authors 

concluded that although organisms which gained entry to the cheese 

during manufacture might be important in flavor production, the bac- 

teria originally present in the raw milk and the severity of subsequent 

heat treatment might be important factors in determining the final 

flavor of the cheese. 

Sanders et al. (117) were able to show that cheese made by the 

time schedule method from pasteurized milk was consistently better 

and more uniform than that made from raw milk, except when very 

high grade raw milk was used. Pasteurization of cheese milk com- 

pletely suppressed gassiness in cheese. 

Harris and Hammer (55) obtained 34 cultures of Micrococcus 

from Cheddar cheese samples, and studied their influence on the 

quality of the cheese when inoculated into pasteurized milk before 
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conversion into Cheddar cheese. Seven cultures imparted bitter and 

unnatural flavors, 14 strains had no definite effects, and the remain- 

ing 13 cultures improved the flavor of the cheese. When the authors 

tried propionibacteria in the same manner as micrococci, some 

strains had desirable effects on the flavor of pasteurized milk Cheddar 

cheese, some others had no effect at all, and certain others imparted 

the characteristic sweet flavor of the Swiss cheese to the Cheddar 

cheese. 

Alford and Frazier (2) reported that the predominant non -lactic 

flora in fine -flavored raw milk Cheddar cheese was micrococci. They 

arbitrarily divided the micrococci isolated from such cheeses into 

seven groups on the bases of certain physiological characteristics. 

(The strains were identified as M. frudenreichii, M. caseolyticus, 

and M. conglomeratus.) Of the seven groups, two which grew below 

pH 5. 5 in the presence of S. lactis and exhibited lipolytic activity, 

were identified as M. frudenreichii strains. When 24 -hour skim milk 

cultures of selected strains of the latter species were added at the 

rate of one to three percent inoculum (acidity of 0. 25 to 0. 55 percent 

depending upon the strain) along with lactic starter, the cheese ripen- 

ed faster and flavor development was accelerated (3). Robertson 

and Perry (1 15) obtained similar results with a strain of Micrococcus, 

and suggested that lipolytic and proteolytic strains might be of special 

benefit to flavor development in Cheddar cheese. 



25 

Dacre (27) reported that 25 percent of the flora of New Zealand 

Cheddar cheese was composed of pediococcus strains. In microbial 

sequence, the pediococci appeared at the same time as the lacto- 

bacilli. Their role in the cheese is unknown. 

Saraswat (123) in an investigation on the association of entero- 

cocci and coliforms to gassiness in cheese, found no relationship be- 

tween coliform - and enterococci - counts and the presence of gas. 

Of the two groups, enterococci survived longer in cheese. 

Clark and Reinbold (17) found that the majority of low- temperature 

microflora of 50 samples of seven - day -old Cheddar cheeses from 11 

Iowa cheese plants were enterococci. Of these, 60 percent were S. 

durans, 27 percent S. faecalis, 10 percent S. faecalis var. lique- 

faciens, and three percent S. faecalis var. zynogenes. 

Mabbitt (84), Reiter and Moller -Madsen (113), and Marth (94) 

recently have reviewed the microbiological aspects of cheese manu- 

facture and ripening. These and the present review on the microflora 

of Cheddar cheese indicates the complex microbial environment exist- 

ing in the cheese and the delicate growth - relationships that could pre- 

vail during the sequential replacement of one flora by the next. The 

exact equilibrating factors are yet to be elucidated. 

Influence of Certain Biochemical Changes Occurring in Ripening 
Cheddar Cheese on its Final Flavor and Texture 

The rate of disappearance of milk sugar(s) in cheese is considered 
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to be of great importance in the body and flavor of finished cheese. 

Dolby et al. (37) found that the quantity of lactose incorporated into 

the cheese determined the acidity of the cheese. The authors were 

able to detect some unfermented sugar in the cheese after four months. 

A sensitive paper chromatographic method for the quantitative deter- 

mination of sugar(s) in cheese was developed by Fagen et al. (46). 

They found that in raw milk cheeses, reducing sugars disappeared in 

25 days, while in pasteurized milk cheese, the sugars lingered up to 

53 days. Among the sugars, galactose remained the longest in pas- 

teurized milk cheese. With increasing salt content of cheese, the 

sugars were retained longer; at O. 28 percent salt, the sugars disap- 

peared after seven days and at 2. 14 percent salt, the sugars were ob- 

served up to 63 days. Tuckey and Sahasrabudhe (140) detected lactose 

and glucose up to four weeks, but failed to find galactose after two to 

three weeks. According to Mabbitt (84), the sugar remaining in Ched- 

dar cheese after development of starter bacteria might control the 

growth of adventitious flora of cheese. The author also suggested 

that the fermentation of residual sugar by heterofermentative lacto- 

bacilli such as L. brevis might lead to the production of acetic acid, 

ethanol, glycerol, and mannitol. He suggested that under normal 

conditions, the quantities of such products accumulated would be 

minute due to the limited quantity of substrate, but the level of alco- 

hol may be enough to form esters by chemical combination with fatty 
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acids, formic acid, et cetera. 

Nilsson and Guldstrand (102), using column chromatographic tech- 

niques, found that in normal Herrgard cheese cooked at 390 C, the 

sugars disappeared in one day, while in the same cheese cooked at 

48o C the sugars were detected up to six days or more. They con- 

cluded that the death of starter organisms in substantial numbers at 

the higher cooking temperature reduced the utilization of sugars. 

Alfredsson et al. (4) also found that high cooking temperatures had a 

delaying effect on the fermentation of sugars in several Swiss -type 

cheeses cooked at relatively high temperatures; the pHwas higher and 

the quality poorer in cheeses cooked at high temperatures. 

Ritter et al. (114) surveyed over 2000 one -to- two - day -old 

Emmental cheeses for pH and residual sugars, and found that even at 

the desired pH values, many samples had small amounts of sugar. 

They commented that the presence of sugars under certain conditions 

might promote the growth and metabolism of undesirable bacteria like 

the coliforms, L. fermenti, and taint -producers in the cheese. How- 

ever, they could not establish any relationship between the residual 

sugar and the predominance of certain lactic acid bacteria. 

Suzuki et al. (136, p. 152 -153) made pioneering studies on the 

changes occurring in maturing cheese. Volatile fatty acids were de- 

tected in increasing quantities after the lactose was dissipated (after 

three to six days). Among the acids found, acetic and propionic 
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reached maximum levels between three and six months, and the authors 

considered that they were derived from lactates. Formic acid was de- 

tected after 22 weeks but only in whole milk cheese. Butyric and 

caproic acids liberated from milk fat were found to increase in con- 

centration throughout maturing. 

The gases evolved in Cheddar cheese were studied by Dorn and 

Dahlberg (38). Nearly pure carbon dioxide was evolved but traces of 

hydrogen also were found. Gas production in pasteurized milk was 

lower and more uniform in volume than in raw milk cheese; at 4. 5o C, 

the total volume of gas evolved was less than that evolved at 100 C. 

Gas evolved from raw milk cheese was almost three times the amount 

expelled from pasteurized milk cheese at either temperature. 

The appearance of amino acid during cheese ripening has been 

studied by several workers. In this regard, Tuckey and Sahasrabudhe 

(140) found that amino acids accumulated during the 12th and 15th 

weeks of cheese curing. They also found that lactic acid increased 

up to four weeks and then declined; acetic acid was present through- 

out the ripening period, while propionic, butyric, and fatty acids 

above C5 appeared only after seven to eight weeks. Bullock and 

Irvine (14) found 18 different amino acids in ripening Cheddar cheese. 

The appearance of arginine in pasteurized milk cheese was very much 

delayed in comparison with raw milk cheese. The amino acids de- 

tected in all samples were glutamic acid, aspartic acid, leucine, 

:. 
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methionine, lysine, valine, alanine, phenylalanine, threonine, and 

tyrosine. 

A detailed review with citations of additional papers concerning 

this are given by Marth (94). 

Chemistry of Cheddar Cheese Flavor 

Survey of the literature on the chemistry of cheese flavor shows 

that delicate and complex relationships exist between the various fla- 

vor components. The knowledge of this field is still inadequate and 

incomplete. 

The earliest arresting investigation in this field was done by 

Suzuki et al. (136, p. 128 -154). They studied the components of 

"flavor solutions" derived from Cheddar cheese. Such extracts from 

whole milk cheeses primarily contained esters made up largely of 

ethyl alcohol and acetic acid. Solutions from sharp cheeses revealed 

the presence of esters of caproic and butyric acids with ethyl alcohol. 

Amino acids by themselves were not considered to be important in 

cheese flavor (25); mixtures of amino acids only gave a brothy flavor 

(83) . 

Calbert and Price (16) examined 28 lots of Cheddar cheese for 

diacetyl content. Diacetyl was found in all the samples and 74 per- 

cent of the samples contained less than one part per million. On 

the basis of flavor, the cheeses were grouped into two grades: 78 
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percent of the top -grade cheeses had less than 0. 5 parts per million 

of diacetyl; all the lower grade cheeses contained more than 0. 5 parts 

per million of diacetyl. They considered that diacetyl was necessary 

for cheese flavor, although beyond a certain level, it was associated 

with off -flavors in cheese. 

Dacre (26) analyzed steam distillates of Cheddar cheese chemi- 

cally, and after the removal of volatile fatty acids, found ethyl alco- 

hol, butyraldehyde, ethyl acetate, and ethyl butyrate to be the main 

components. However, since he failed to reproduce the typical 

Cheddar flavor by adding the above components to raw cheese, he con- 

cluded that the compounds did not appear to be related to Cheddar 

flavor. 

Bassett and Harper (10) were able to identify 16 keto acids and 

11 neutral carbonyls in extracts from 82 samples of eight major 

varieties of cheeses. Keto acids characteristic of carbohydrate and 

citrate metabolism were the major components of Cheddar cheese. 

The significant finding was that the kind and relative concentration of 

the acidic carbonyl compounds were characteristic of the cheese 

variety, regardless of its age or flavor intensity. The authors sug- 

gested that the neutral carbonyls were degradation products of the 

acidic components, since for each neutral carbonyl a possible acidic 

precursor was found in the cheese in a significant concentration. 

Kristoffersen and Gould (79) found that an increase of pyruvic acid 
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and a decrease in alpha -ketoglutaric and oxaloacetic acids in cheese 

led to impaired flavor. 

Day and Keeney (33) distilled the volatile components from 40 

pounds of 16 -month old cheddar cheese to identify the carbonyls that 

might be important in the flavor. They were able to definitely es- 

tablish the presence of methional, formaldehyde, acetaldehyde, 3- 

methylbutanal, acetone, butanone, 2- pentanone, 2- heptanone, 2- 

nonanone, acetoin, and diacetyl. Tentative identification of 2- 

tridecanone and 2- undecanone were also made. The authors consid- 

ered methional to be the most noteworthy in Cheddar flavor. 

Scarpellino and Kosikowski (124) found three carbonyl compounds 

in cheese previously not reported. Their chromatographic behavior 

indicated C4, C6, and C7 compounds. The C4 compound was identi- 

fied as methyl -ethyl- ketone by melting point determination. This 

compound was present in high concentrations in all aged cheeses. 

Keeney and Day (74) suggested that Strecker degradation of amino 

acids which leads to the formation of aldehydes of one less carbon 

atom, might be operative in the formation of these odoriferous sub- 

stances in cheese. They were successful in obtaining distillates of 

milk protein hydrolysates which had cheese -like odor when distilled 

in the presence of pyruvic acid, isatin, or ninhydrin. The odors 

evolved from individual amino acids subjected to Strecker degrada- 

tion each had distinctive characteristics. Of the various aldehydes 
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thus obtained, methional from methionine had the closest resemblance 

to cheese flavor. 

Patton et al. (106), combining the data obtained from paper chro- 

matographic, gas chromatographic and mass spectrometric analyses 

and melting point determinations of 2, 4 dinitrophenylhydrazine- 

derivatives, identified the volatile flavor components of Cheddar 

cheese to be dimethyl sulphide, ethanol, acetone, diacetyl, 2- butanone, 

2- heptanone, and 3- hydroxy butanone. Walker and Harvey (145) noted 

a progressive change in the relative concentrations of carbonyl corn - 

pounds as the cheese ripened. They mentioned two possible mechan- 

isms for the production of carbonyl compounds. One was the beta - 

oxidation of fatty acids which results in the formation of methyl ke- 

tones of one less carbon. The other was Strecker degradation of 

amino acids resulting in aldehydes of one less carbon. The authors 

considered that the latter pathway was the one operative in cheese be- 

cause of the anaerobic environment existing in the interior of the 

cheese. 

Using column chromatographic techniques, Day et al. (34) identi- 

fied 2, 3- butanedione in addition to other compounds reported earlier. 

Another compound similar in odor to delta -decalactone also was ob- 

served. Harvey and Walker (61) followed the appearance and concen- 

tration of methyl ketones in Cheddar cheese and recorded a progres- 

sive increase in the concentrations of these compounds in maturing 
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cheese. They considered methyl ketones to be of importance in cheese 

aroma. 

The importance of milk fat in flavor development in Cheddar 

cheese by giving rise to free fatty acids and their esters was clearly 

shown by Mabbitt and Zielinska (86) by comparing whole milk and 

skim milk cheeses. 

By means of gas entrainment and steam distillation methods, 

Walker (144) showed that hydrogen sulphide was the only volatile sul- 

fur compound in New Zealand Cheddar cheese. Kristoffersen and 

Gould (78) analyzed 14 lots of 12- month -old Cheddar cheese for free 

fatty acid and hydrogen sulfide content, and found that the ratio be- 

tween the concentrations of free fatty acid and hydrogen sulfide de- 

termined the intensity of Cheddar flavor. In a later study, the same 

authors (80) suggested that the flavor of Cheddar cheese appeared to 

result from the simultaneous action of agents responsible for fat and 

protein degradation. They also noted distinct differences in the levels 

of free fatty acids and hydrogen sulfide between raw and pasteurized 

milk cheeses. 

In a recent paper, Day and Libbey (35) reported tha presence of 

aldehydes, methyl ketones, primary and secondary alcohols, esters 

of fatty acids with the primary and secondary alcohols, delta -lactones, 

and the isomeric lactides of lactic acids among the neutral components 

of Cheddar cheese aroma fractions. They used gas chromatography 
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in conjunction with mass spectrometry for the analyses. 

Attempts have been made to simulate Cheddar cheese flavor in 

bland cheese curd by the addition of the flavor components reported in 

the literature, in various proportions. Walker (146) worked out a 

combination of methyl ketones, fatty acids and hydrogen sulfide which 

imparted the flavor intensity of a three- month old Cheddar cheese to 

bland cheese curd. Silverman and Kosikowski (133) partially succeed- 

ed in such attempts by combining pure chemicals (amino acids and 

fatty acids) to form solutions which had some of the characteristics 

of Cheddar flavor. Day et al. (34) also attempted to impart Cheddar 

flavor to cottage cheese curd by similar trials. 

Detailed treatment of this subject may be found in the reviews 

by Marth (94) and Mabbitt (84) . 

Abilities of Certain Microorganisms in Cheese 
to Produce Compounds Contributing to Cheese Flavor 

Marth (94) grouped the components which are important in Ched- 

dar cheese flavor into five categories, viz: Carbonyl compounds, 

nitrogen compounds, sulfur compounds, fatty acids and their deriva- 

tives, and miscellaneous compounds. 

Carbonyl compounds in cheese could originate either from the 

carbohydrates or the proteins of milk. Harper and Huber (54) showed 

that the milk cultures of the homofermentative bacteria L. lactis, 
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L. bulgaricus, S. lactis, and S. thermophilus could produce pyruvic 

and alpha -ketoglutaric acids in relatively large concentrations; small 

amounts of oxaloacetic, oxalosuccinic, glyoxylic, alpha - acetolactic 

and alpha -ketoisocapric acids also were produced under certain con- 

ditions. When grown in milk for 24 hours, S. lactis and S. thermo- 

philus caused a five -fold increase in pyruvic acid, and a 1. 5 -fold in- 

crease in alpha -ketoglutaric acid. The keto acid formation by lactic 

acid bacteria during cheese manufacture was similar to that in sterile 

milk. In combination, however, the types and concentrations of the 

keto acids formed by the cultures were changed. The mechanisms 

and the metabolic pathways that lead to the formation of the keto acids 

in lactic starter cultures are discussed in great detail by Marth (93). 

The available evidence presented indicates that the keto acids to a 

large extent are derived from carbohydrates of milk, although among 

heterofermentative lactic acid bacteria, citrate could be another 

source. 

The production of neutral carbonyl compounds by lactic organisms 

has been investigated extensively in recent years. The pioneering 

work in this field was done by Virtanen and Nikkila (143), who isolated 

cocci from butter cultures which yielded "malty" butter. On chemical 

analysis of milk cultures, the cocci were found to produce consider- 

able amounts of acetaldehyde in the medium. Simulation of the malty 

defect in normal butter cultures by the addition of acetaldehyde led 
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the authors to suggest that acetaldehyde imparted the "malty" flavor. 

Zuraw and Morgan (154) in a later study found that S. lactis var. 

maltigenes, which was responsible for "maltiness" in market milk 

and other dairy products, liberated acetaldehyde in milk cultures. 

They, however, noted that non -malty strains of S. lactis also pro- 

duced acetaldehyde in milk cultures. In fact, the concentration of 

acetaldehyde was greatest in milk cultures of the latter bacterium. 

Jackson and Morgan (69) employed paper chromatographic techniques 

to isolate 2, 4- dinitrophenylhydrazine derivatives of neutral carbonyl 

compounds present in steam distillates of "malty" and "non- malty" 

milk cultures of S. lactis. By chromotographic, melting point, and 

organoleptic characteristics of the resolved components, the authors 

established that 3- methylbutanal was the principal compound respons- 

ible for the "malty" flavor, although a small amount of 2- methyl- 

butanal was also present. The authors also demonstrated that the 

aldehydes could be derived from leucine and isoleucine; in light of 

these observations, they suggested that the compounds could be de- 

rived from free leucine in milk. 

MacLeod and Morgan (87) examined the leucine metabolism of 

S. lactis var maltigenes relative to that of S. lactis to account for the 

production of 3- methylbutanal from the amino acid. They used alpha 

ketoisocaproic acid (which is the alpha keto acid analog of leucine) as 

the key intermediate to demonstrate the probable mechanism of 
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aldehyde formation from leucine. Alpha ketoisocaproic acid in the 

presence of glutamate satisfied the leucine requirements of S. lactis 

and S. lactis var. multigenes for growth. In the presence of glutamic 

and alpha ketoisocaproic acids, the two varieties of lactic streptococci 

synthesized leucine. From leucine, both the organisms produced 

alpha -ketoisocaporic acid. Such data indicated that the organisms had 

a transaminase system for transferring the amino group of glutamate 

to alpha ketoisocaproate to form leucine. Beyond the alpha keto acid 

stage, they found a distinct difference in the metabolism between the 

malty and the non -malty varieties. While the former produced con- 

siderable amounts of 3- methylbutanal from leucine and alpha keto- 

isocaparic acid, the latter formed little or none of the malty aldehyde 

from the above substrates. In a later study, the same authors (88) 

using dialyzed and undialyzed acetone powders of S. lactis var malti- 

genes and S. lactis demonstrated the pyridoxal phosphate requirement 

of leucine -transaminase system, which exhibited optimum activity at 

pH 8.4. The formation of alpha -keto acid analog and the disappear- 

ance of leucine were followed by paper chromatography. Beyond the 

alpha- ketoisocaporic acid stage, decarboxylative activity giving rise 

to corresponding aldehyde was demonstratable in the malty strain 

alone. The decarboxylative system required thiamin pyrophosphate 

and magnesium as cofactors and was active at pH 4. 6. The decar- 

boxylation was followed by monometric methods; the disappearance 
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of substrate and the appearance of the products of the reaction were 

studied by paper chromatography. 

MacLeod and Morgan (89) extended their investigations in this 

area of starter metabolism, by studying the ability of strains of S. 

lactis, S. lactis var. maltigenes, and S. cremoris to form aldehydes 

from isoleucine, valine, methionine, and phenylalanine. S. lactis 

var. maltigenes produced sufficient quantities of aldehydes to definitely 

establish the presence of 2- methylbutanal, 2- methyl propanal, 3- 

methylthiopropinal, and phenylacetaldehyde from the corresponding 

amino acid precursors. One strain of S. lactis formed trace quanti- 

ties of the respective aldehydes, but no such activity was detected in 

the S. cremoris strains. The authors suggested that this kind of 

mechanism for aldehyde formation might be operative in Cheddar 

cheese depending on the starter organism utilized. 

MacLeod et al. (90) demonstrated that alpha -ketoisovaleric acid 

in the presence of glutamate could satisfy valine requirements of S. 

lactis and S. lactis var maltigenes for growth. S. cremoris did not 

exhibit active response. This finding showed that some lactic strep- 

tococci had an active valine -transaminase system. 

Leesment (81) reported a malty strain among the species S. 

diacetilactis, found in starter cultures and butter in Sweden. He re- 

ferred to the malty strain as S. diacetilactis var. maltigenes. 

Harvey (60) tested seven strains of S. cremoris, four strains of 
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S. lactis, and one of S. diacetilactis for the production of acetone and 

acetaldehyde. The S. lactis strains produced from 0. 4 to 4. 5 mg of 

acetaldehyde in one liter of skim milk culture and between 0.1 to 0. 7 

mg of acetone in the same volume of culture. The range of acetalde- 

hyde in S. cremoris skim milk cultures was from 0. 5 to 9. 0 mg per 

liter, and that of acetone from none to 1. 0 mg per liter. S. diaceti- 

lactis strain formed about 13. 0 mg of acetaldehyde per liter, but did 

not produce any acetone in skim milk cultures. 

The mechanism and the ability of heterofermentative lactic strep- 

tococci to produce diacetyl in milk cultures are discussed in detail by 

Sandine et al. (121), Seitz et al. (128), and Marth (93). The effect 

of varying concentrations of diacetyl on cheese flavor is found in the 

work by Calbert and Price (16). 

The proteolytic activities of starter and other cheese flora are 

important in cheese flavor. A wide variation exists in the proteolytic 

abilities of lactic streptococci (52). Extracellular proteinases of 

starter streptococci have been isolated, purified, and characterized 

(149). The presence of amino acid decarboxylation products in cheese 

led Silverman and Kosikowski (134) to attribute such compounds to 

decarboxylase activity by cheese microflora. Hart et al. (59) re- 

ported on a Streptococcus strain designated as b isolated from Ched- 

dar cheese which was capable of producing volatile fatty acids, acetic 

acid, alcohols, and esters. They suggested that the esters could have 
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arisen from mere chemical reaction on contact between alcohols and 

fatty acids. Micrococci isolated from cheese have also been shown 

to possess lipolytic activity (2) . 

The production of fruity flavored compounds in milk cultures of 

Pseudomonas fragi has been reported by Pereira and Morgan (107). 

The most prominent component in such cultures was ethyl ester of 

isovalerate. Esters with fruity flavors also are known to be produced 

by certain fungi (19). 
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III. EXPERIMENTAL METHODS 

Cheese Manufacture 

More than 70 experimental lots of Cheddar cheese were made on 

a pilot -plant scale in the Dairy Products Laboratory at Oregon State 

University for this investigation. Time and operational schedules for 

cheese - making were closely followed according to commercial prac- 

tice. A flow diagram showing the manufacturing operation appears 

in Figure 1. 

Heat Treatment of Cheese Milk 

Pooled bulk milk of very high quality from the Oregon Agricultural 

Experiment Station dairy herd was flash- heated at 64° C for 15 to 17 

seconds to eliminate the coliforms and other undesirable flora such as 

psychrophiles before pumping into cheese vats. For certain specific 

trials, raw milk was utilized. 

Experimental Cheese Vats and Accessories 

Three 800 pound- capacity stainless steel vats installed side -by- 

side were used for cheese making. Separate sets of cheese - making 

accessories such as scoops, stirring forks, knives, strainers, et 

cetera, were available at each vat to ensure prevention of cross - 

inoculation of flora from one vat to another. 
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Cultures 

Commercial lyophilized cultures and certain selected strains of 

lactic streptococci were used for the propogation of starters for 

cheese manufacture. The starter cultures were made fresh every - 

time by direct inoculation of the lyophilized powder into sterile recon- 

stituted non -fat milk containing 11 percent solids. Special non -fat 

spray -dried milk certified for the absence of antibiotics marketed by 

Galloway West Co. , Fond du Lac, Wisconsin, was used for making 

up the milk medium. The trade name of the milk powder is Matrix 

Culture Propagation Medium. The starters were added at the rate 

of one percent by weight. 

Cooking Temperature 

The maximum temperature attained during the cooking of the 

curd was 40o C. This temperature is widely used in commercial 

practice for six hour cheese - making schedules. 

Acidity and pH of the Curd at Milling 

The cheddared cheeses were milled when the whey acidity was 

0. 53 percent or when the pH of the curd was 5. 10. The pH of the 

curd was measured with glass electrode of a Beckman Zeromatic pH 

meter as outlined in the British Standard Code (13, p. 10). A hollow 
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was made in the curd; the curd was squeezed to exude some moisture 

into the hollow and some distilled water was added if necessary to en- 

sure proper contact with the glass electrode. 

Salt 

Two -and - one -half percent by weight of dairy salt was added to 

the raw cheese. 

Hooping 

The yield of around 80 pounds of raw cheese per 800 pounds of 

milk was hooped into one 40 pound, and two 20 pound blocks. 

Curing 

At the initial stages of the investigation, the 40 pound block was 

cured at 7. 2° C and one 20 pound cheese at 1.7° C and the other 20 

pound cheese at 12. 8° C. In the latter part of the study, all the chees- 

es were cured at 7. 2° C. 

Grading 

The cheeses were graded for body, texture, and flavor after cur- 

ing for 90 days. Selected lots were retained for further observations 

up to two years at 1. 7° C. 



Microbiological and Chemical Analyses on Cheeses 

Sampling 
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Samples for the respective analyses were taken using aseptic 

techniques. The holes in the block of cheese, after removal of sam- 

ple plugs, were sealed well to eliminate mold growth. At first, 

weekly samples were taken to determine the frequency of sampling 

needed to detect significant changes in the microbial population and 

certain chemical compounds in cheese. Later, bimonthly sampling 

was found to be satisfactory. Sample plugs from each cheese were 

pooled together to obtain a representative sample of the different 

portions of the cheese block. 

Total Plate Counts 

Eleven grams of the representative sample were weighed into a 

sterile mortar, and ground into a homogenous paste. A small quantity 

of the contents of a 99 milliliter two percent sodium citrate dilution 

blank tempered at 45o C was used to obtain a uniform suspension of 

the cheese paste. The contents of the mortar were then quantita- 

tively transferred into the warm 99 milliliter dilution blank, and agi- 

tated thoroughly to obtain one -tenth dilution. Further dilutions were 

made in ordinary sterile distilled water blanks also tempered at 45° C. 

In the beginning, the dilutions were plated on Standard Plate Count 
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Agar (7, p. 415) and lactic agar of Elliker et al. (40). Later only 

the latter medium was used. 

Microscopic Observations 

Periodically, simple stained smears prepared from the one -tenth 

dilutions were examined under the microscope to study the flora of 

the cheese. On an average, 20 colonies were picked from each plate 

into sterile 11 percent non -fat milk and observed for coagulation, 

gram- staining characteristics, and morphology. In the case of one 

specific experimental lot (Lot X -3), all the colonies appearing on the 

plate were picked into milk and studied for the above characteristics 

at every sampling. 

Total Reducing Sugars 

Total reducing sugar content of the ripening cheeses were de- 

termined at the sampling intervals referred to earlier. The prepara- 

tion of cheese extract and the removal of interferring nitrogenous 

material in the extract were made according to Nilsson and Guldstrand 

(102). Aliquots of clear extract were used for the determination of 

total reducing carbohydrates by a modification of the colorimetric 

method of Zipf and Waldo (153) and the method of Nelson (101). Glu- 

cose was employed as the standard and Tables I and II show the ab- 

sorbancy values obtained for different concentrations of glucose by 
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TABLE I. KNOWN AMOUNTS OF GLUCOSE AND CORRESPONDING 
ABSORBANCIES AT 625 MILLIMICRONS AS DETERMINED 
BY THE MODIFIED METHOD OF ZIPF AND WALDO(153). 

Micrograms of Absorbancy at 
Glucose 625 Millimicrons 

0 0. 000 

20 0. 085 

40 0. 185 

60 0. 285 

80 0. 395 

100 0. 525 

120 0. 650 

140 0. 740 

160 0. 865 

200 1. 040 

TABLE II. KNOWN AMOUNTS OF GLUCOSE AND CORRESPONDING 
ABSORBANCIES AT 660 MILLIMICRONS AS DETER- 
MINED BY THE METHOD OF NELSON (101). 

Micrograms of Absorbancy at 
Glucose 625 Millimicrons 

0 0. 000 

30 0. 220 

60 0. 410 

120 0. 810 

180 1. 180 

240 1. 400 

300 1. 820 
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these two methods. 

The modified procedure of Zipf and Waldo (153) consists of the 

following steps: The tests were carried out in Standard Pyrex test 

tubes with ground glass standard taper necks with suitable glass stop- 

pers. To O. 5 milliliter of the test aliquot, one milliliter of distilled 

water was added. This was followed by layering O. 5 milliliter of two 

percent solution of anthrone in ethyl acetate over the aqueous phase. 

Six milliliters of concentrated sulfuric acid were added carefully from 

a burette, and the contents were mixed uniformly with the help of a 

Vortex Junior Orbital Mixer. The tubes were then placed in a boil- 

ing water bath for three minutes, taken off the bath and allowed to 

cool down to room temperature. After cooling, the color in the tubes 

was read at 625 millimicrons within one hour. Concentrations of glu- 

cose between zero and 200 micrograms in the test aliquot obeyed the 

Beer's Law. 

Total Soluble Nitrogen 

Total soluble nitrogen content of the cheeses was determined ac- 

cording to Vakaleris and Price (142). 

Total Carbonyl Concentration 

The method of Bassett and Harper (11) was followed in the pre- 

paration of clear extract for reaction with dinitrophenylhydrazine 
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reagent. If the extract obtained thus was cloudy, five milliliters of 

ten percent trichloroacetic acid (TCA) solution was added to the ex- 

tract, and after mixing, was centrifuged at 3000 rpm for ten minutes 

to remove all the precipitated protein. A three milliliter aliquot of 

the clear extract was used for colorimetric determination of carbonyl 

by the method of Juni and Heym (73). Sodium pyruvate was used as 

the standard and Table III shows the absorbancy readings obtained. 

TABLE III. KNOWN AMOUNTS OF SODIUM PYRUVATE AND COR- 
RESPONDING ABSORBANCIES AT 390 MILLIMICRONS 
AS DETERMINED BY THE METHOD OF JUNI AND 
HEYM (73). 

Micromoles of 
Sodium Pyruvate 

Absorbancy at 
390 Millimicrons 

0. 00 

0.02 

0. 000 

0. 110 

0. 04 0. 250 

0. 06 0. 360 

0. 08 0. 460 

0. 12 0. 658 

0. 16 0. 838 

0. 20 1. 013 

Taxonomic and Cultural Studies of Cultures 
Used for Cheese Manufacture 

Taxonomic Studies 

The separation, distinction, and identification of the component 
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strains in commercial mixed - culture starters were performed accord- 

ing to the tests proposed by Sandine et al. (122). 

Carbon Dioxide Production by Cultures 

The carbon dioxide producing abilities of the mixed and the corn- 

ponent single strains in 11 percent non -fat milk cultures were de- 

termined by the method recommended by Sandino et al. (122). 

Rate of Utilization of Citrate and Growth Rate of Lactic Streptococci 

The rate of utilization of citrate in 11 percent non -fat milk by 

S. cremoris, S. lactis, and S. diacetilactis was determined in a time- 

course experiment. One percent inocula of the individual species 

were added to two sets of screw -cap test tubes containing 9. 9 milli- 

liters of sterile 11 percent non -fat milk. Two sets of uninoculated 

tubes containing ten milliliters of similar milk served as controls. 

The tubes were incubated in a 300 C water bath. Citrate contents of 

the inoculated and uninoculated tubes from one set were determined 

at zero, six, ten, twelve, eighteen, and twenty -four hours after in- 

oculation. The method of Marier and Boulet (91) was followed; sodium 

citrate was used as the standard. 

The second set of tubes was used for determining plate counts at 

similar intervals. Standard methods (7, p. 47 -82) were followed in 

plating, with the exception of the agar medium used; lactic agar of 
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Elliker et al. (40) was used instead of Standard Plate Count Agar. 

Growth Relationships of Lactic Streptococci in Milk Fortified 
with Citrate 

Growth relationships of S. diacetilactis in combination with S. 

cremoris and with S. lactis with or without added citrate in 11 percent 

non -fat milk were studied. Two sets of sterile 11 percent non -fat 

milk fortified with sodium citrate at levels ranging from zero to one 

percent were inoculated with equal proportions of 18 -hour cultures of 

the two species, to obtain an overall one -percent inoculation. The in- 

oculated tubes were incubated in a 30° C water bath for 18 hours and 

plated on lactic agar. Thirty colonies from each plate picked into 

11 percent non -fat milk were subjected to various tests for identifi- 

cation to species. The proportion of each species in the twin mixture 

from among the 30 colonies picked off the plates were averaged and 

expressed as percentage of the twin mixture. 

TABLE IV. KNOWN AMOUNTS OF SODIUM CITRATE AND COR- 
RESPONDING ABSORBANCIES AT 420 MILLIMICRONS 
AS DETERMINED BY THE METHOD OF MARIER AND 
BOULET (91). 

Micrograms of Absorbancy at 
Sodium Citrate 420 Millimicrons 

0 0. 000 
50 0. 085 

100 0. 169 
200 0. 310 
300 0. 466 
400 0. 636 
500 0. 850 
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Survival of Starter Cultures at pH Levels, Salt Concentrations, 
and Temperatures Obtainable During Commercial Cheddar Cheese 
Manufacture 

Two starters used in this study were subjected to this test. Four 

sets of 11 percent non -fat milk tubes were made for each culture. 

The four sets were divided into two groups of two sets each. One 

group contained milk tubes with added salt ranging from zero to three 

percent. The other group consisted of tubes in which the milk was ad- 

justed to pH levels ranging from 6. 6 to 5. 0 with sterile lactic acid. 

All the tubes in the two groups were inoculated at the rate of one per- 

cent with an eighteen- hour -old milk culture of the respective starter. 

After inoculation, one set from each group was incubated at 37°C 

and the other at 40° C. After four hours, the tubes were removed 

from the respective water baths and chilled in a trough of crushed ice 

and plated on lactic agar. The plates were incubated at 30° C for 72 

hours and counted. The survival was expressed in terms of percent- 

age of controls. The control tubes had no added salt and the pH of 

the milk was 6. 6. 

Total Carbonyl Concentrations in Milk Cultures of Starter Cultures 
and Specific Strains Used in This Study 

Culture extracts for the colorimetric determination of the total 

carbonyl concentration were made from 100 grams of 24- hour -old 

milk cultures incubated at 30° C. Eleven percent non -fat milk was 
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used in the preparation of cultures. The extracts were made accord- 

ing to the method recommended by Harper and Huber (54). Cloudi- 

ness in the extract was removed by the addition of five milliliters of 

five -to -ten percent TCA and recentrifugation and /or filtration through 

0. 65 millimicron -pore- diameter membrane mounted on a Millipore 

Filtration setup. Aliquots from one -tenth dilution of the clear ex- 

tract were used for colormetric determination by the method of Juni 

and Heym (73). Sodium pyruvate was used as the standard. 

Separation and Tentative Identification of Carbonyl 
Compounds in Milk Cultures of Two Mixed -Strain 

Starter Cultures Used for Cheese Manufacture 

The separation and tentative identification of the carbonyl com- 

pounds in the milk cultures were accomplished by reacting culture ex- 

tracts with 2, 4- dinitrophenylhydrazine reagent and subsequent ex- 

traction, class separation and chromatography of the derivatives. 

The spectral absorption characteristics of the derivatives were also 

studied. 

Preparation of Culture Extract 

The culture extract containing the carbonyl compounds was pre- 

pared from 1200 grams of 11 percent nonfat milk culture incubated 

for 24 hours at 30° C. Extraction was made by the method recom- 

mended by Harper and Huber (54). 



54 

Preparation of 2, 4- Dinitrophenylhydrazine Reagent 

The reagent was prepared by the saturation of 5 N hydrochloric 

acid with 2, 4- dinitrophenylhydrazine reagent with constant agitation 

during the addition of the reagent. The solution was filtered through 

Whatman No. 1 filter paper to remove the undissolved residue. 

Reaction with Culture Extract 

An equal volume of 2, 4- dinitrophenylhydrazine reagent was added 

to the culture extract and allowed to react overnight at room tempera- 

ture. 

Extraction of Dinitrophenylhydrazine Derivates of the Carbonyls 
in the Culture Extract 

The monocarbonyl derivatives were extracted with carbonyl -free 

hexane prepared by the method of Schwartz and Parks (126). 

The dicarbonyl and keto -acid derivatives were taken up in carbonyl - 

free chloroform. The same separatory funnel was used for both ex- 

tractions. Chloroform used as the solvent was rendered free of car- 

bonyl contamination by the same method cited for hexane purification. 

The extractions were done as recommended by Day (32) in a separa- 

tory funnel at least five to six times using 250 milliliters per extrac- 

tion. 
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Evaporation of Solvents 

The solvents were evaporated on a hot water bath under partial 

vacuum. Care was taken to cut off the vacuum before complete dry- 

ness was achieved. 

Separation of the Neutral Aliphatic Monocarbonyl Derivatives into 
Classes 

This was accomplished by the Column Chromatographic method 

of Schwartz et al. (125) using ethylene chloride for elution. The sol- 

vent was purified by distillation in the presence of potassium carbon- 

ate. 

Determination of the Maximum Absorption Spectra of the Individual 
Elutes 

After evaporating the solvent from the individual elutes, a small 

portion of the derivatives were taken up in chloroform for determin- 

ing the maximum absorption spectra in a Cary continuous recording 

spectrophotometer. 

Separation of the Individual Components of the Homologous Mono - 
carbonyl Series 

The homologous series were separated into individual components 

by the thin layer chromatographic technique of Urbach (141). The 

derivatives were dissolved in petroleum ether and spotted on the 
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plates after impregnation with ten percent phenoxyethanol in acetone. 

The paper chromatographic technique of Huelin (68) was used in 

conjunction with the thin -layer method for the separation of aldehyde 

and methyl ketone fractions. 

During the elution of the bands on the class separation column, 

the lower members of each class had a tendency to run along with the 

members of the class immediately succeeding it. Hence, each frac- 

tion was chromatographed side -by -side with authentics from either 

class. Individual spots were collected by vacuum suction and the 

derivative was taken up in chloroform to determine its maximum 

spectral absorption between 330 and 500 millimicron wave length. 

To differentiate methyl ketone components from saturated aldehyde 

components in the elute from the dark brown band on the class sep- 

aration column, spots were collected as described earlier; in addi- 

tion to the determination of maximum absorption wave length, the 

procedure of Jones et al. (72), based on the distinct spectral absorp- 

tion characteristics of the two derivatives in alcoholic potassium hy- 

droxide, was used for this purpose. 

Separation of Acidic Carbonyls from the Neutral Dicarbonyl 
Components 

The dry derivatives obtained after evaporation of chloroform, 

were dissolved in five milliliters of 1. 0 N ammonium hydroxide 
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solution. This was followed by the addition of 250 to 300 milliliters 

of carbonyl -free chloroform. On addition of chloroform, the aqueous 

and organic phases formed distinct layers. After mixing thoroughly, 

the upper aqueous ammonium hydroxide layer containing the keto acid 

derivatives was carefully removed with a suction pipette and stored 

in a 25 milliliter Erlenmeyer Flask. The chloroform was evaporated 

to dryness to obtain the neutral dicarbonyl derivatives. 

Separation of Keto Acid Derivatives into Individual Components 

Aliquots ranging from 0.01 to 0.04 milliliter of the ammonium 

hydroxide solution containing the keto acid derivatives were spotted 

on Whatman 3 MM filter paper and chromatographed as recommended 

by El Hawary and Thompson (39). Known derivatives were spotted 

alongside the unknowns. 

Separation of Dicarbonyl Derivatives into Classes 

The separation of dicarbonyl - (bis) - 2, 4- dinitrophenylhydra - 

zones into classes was accomplished by the thin -layer chromatographic 

technique of Schwartz et al. (127). 

Quantitative Determination of Certain Carbonyl Components 
in Milk Cultures of Two Commercial Starters 

Used in This Investigation 

Quantitative determinations were made of only certain carbonyl 
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compounds present in sufficient concentration in 24- hour -old milk 

cultures of the starters to lend to accurate analysis from the thin - 

layer chromatographic system employed in this investigation. 

For quantitative studies, 2000 grams of culture was used for the 

preparation of the extract for reaction with 2, 4- dinitrophenylhydrazine 

reagent. The extraction of the hydrazones was done with six to seven 

250 milliliter portions of the solvent to assure maximum recovery of 

the derivatives from the reaction mixture. Evaporation of the solvent 

was made cautiously taking care to avoid entrainment losses of the 

derivatives along with the escaping solvent vapors. The separation, 

elution, and succeeding operations leading to thin -layer chromato- 

graphy were quantitatively performed. 

The individual classes were dissolved in one or two milliliters of 

petroleum ether, depending upon the quantity of the derivatives re- 

covered after evaporation of ethylene chloride, and spotted at 0.02 

to 0. 04 milliliter per spot. 

The resolved components were taken up from the plates by a 

vacuum suction device into four milliliters of chloroform. The ab- 

sorbancy of the components in chloroform were noted at the respec- 

tive wave lengths of maximum absorption. The concentrations in 

test aliquots were determined from the respective molar extinction 

coefficient values. From this data, the approximate concentrations 

of the carbonyls in the original culture were calculated by applying 
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the relevant dilution factors. The molar extinction coefficient values 

were obtained from the data presented by Jones et al. (72), and Day 

(32). 
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IV. RESULTS 

Manufacture and Grading of Experimental Cheeses 

During the initial stages of this project, several lots of cheese 

were made at weekly intervals with different commercial starter cul- 

tures. After the pattern of body and flavor scores on the resultant 

cheeses were analyzed in conjunction with the specific commercial 

starters used in their manufacture, a definite relationship was found 

between the use of certain cultures and the development of distinctive 

body and flavor characteristics in the cheeses. The cheeses were 

routinely examined and graded for body and flavor after curing for 90 

days. The culture designations and the description of the body and 

flavor of the respective cheeses at the time of grading are shown in 

Table V. In the later stages of the study, cheeses were manufactured 

on a bimonthly basis. 

Typical "make sheet charts" for two separate lots of cheese manu- 

factured with the cultures indicated in Table V, are shown on pages 

62 and 65. Charts la and 2a show the analytical data on the cheeses 

with respect to percent composition of major components derived from 

the milk. The flavor scores and grades on these cheese lots after 

curing at 7. 2° C for 90 days are indicated in Charts lb and 2b. Fig- 

ure 2 illustrates the typical openness duplicated in several experi- 

mental cheeses. 



TABLE V. COMMERCIAL LYOPHILIZED MIXED STRAIN STARTER DESIGNATIONS AND DESCRIP- 
TION OF BODY AND FLAVOR CHARACTERISTICS OF CHEDDAR CHEESE MADE FROM 
THE CORRESPONDING STARTERS. 

Commercial Lyophilized Description of the Body 
Mixed -Strain Starter and Flavor of the Cheeses 

Designation Made with the Starters 

A 

B 

C 

Close body and good 
Cheddar flavor 

Open body and fermented 
and /or slight fruity flavor 

Typical slit- openness and 
pronounced fruity flavor 

rn 
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Chart 1. Oregon State University. Dairy Products Laboratory 
Daily Cheese Record. 

Lot Number X -3 Date July 17, 1963 

Vat 1 Vat 2 Vat 3 

Source of Starter A B C 
Acidity of Starter 0. 89 0. 92 0.90 
Age of Starter 18 hours 18 hours 18 hours 

Lbs. Milk 
%Fat 
Lbs. Fat 
Lbs. Starter 

800 
3.9 

31.2 
8.0 

800 
3.9 

31.2 
8.0 

800 
3.9 

31.2 
8.0 

Rennet 1. 25 oz 1.25 oz 1. 25 oz 
Color 0. 8 oz 0. 8 oz 0. 8 oz 
Salt 2.3 lb 2.3 lb 2.3 lb 
Size of Curd Knife 3/8 " 3/8 " 3/8" 

Time 
Starter Added 11:45 12 :00 12 :15 
Rennet Cup Time in mts. 2 :10 2:15 3:15 
Rennet Added 12 :45 1 :00 1:15 
Cutting 1:15 1:30 1:45 
Steam On 1:30 1:45 2 :00 
Steam Off 2 :40 2 :25 2 :40 
Start Draining Whey 3:30 4:00 4:30 
Packing 4:00 4 :30 5 :00 
Milling 5 :30 6:05 6 :45 
Salting 5:45 6 :15 6 :55 
Hooping 6 :15 6:35 7:15 

Acidity At 
Setting 0.18 0. 18 0.17 
Cutting 0.115 0.115 0.115 
Start Draining Whey 0. 145 0. 145 0. 150 
Packing 0.23 0.23 0.22 
Milling 0.58 0.58 0.59 

Temperature in degrees C 
Heat Treatment of Milk 64.0 64.0 64. 0 

When Starter Added 25.0 25.0 25.0 
WhenRennet Added 30.6 30.6 30. 6 

Cooked to 40.0 40.0 40.0 
Curd Cooled to 35.0 35.0 35. 4 
Hooping 34.4 34.4 35.4 
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Chart 1. (cont.) 

Vat 1 Vat 2 Vat 3 

No. and size of hoops 2 -40's 2 -40's 2 -40's 
Gross Wt. 82.75 79. 74 78. 50 
Percent Yield 10.31 9. 99 9.84 

Cheese Makers: Bodyfelt and Nandan 

Chart la. Oregon State University. Dairy Products Laboratory. 

Lot Number X -3 Date July 17, 1963 

Analytical Data on Cheese Milk and Raw Cheese 

Raw Cheese 

Vat 1 Vat 2 Vat 3 

Percent butterfat 34. 00 35. 50 34. 50 
Percent moisture 35. 15 34. 25 34.75 
Percent Fat in Dry matter 52. 55 54. 15 52.95 

Cheese Milk 
Flavor of Raw Milk Feed Feed Feed 
Acidity of Raw Milk 0. 155 0. 155 0. 155 
Bacteria (SPC) 43000 <3000 <3000 
Percent Fat 3.90 3. 90 3.90 
Percent Total Solids 12. 00 12. 00 12.00 
Percent SNF 8. 10 8.10 8. 10 
Percent Casein 2. 53 2. 53 2. 53 
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Chart lb. Date 10 -21 -1963 A. D. S. A. Cheddar Cheese Score Card 

Lot Number X -3 

Starter Code A B C 
Perfect 
Score Criticisms 
Flavor Grade Score 38.5 37.0 36.5 
40 Criticism 

Acid Slight X 
No Bitter Slight 
Criticism Feed 
40 Fermented /Fruity Fermen Fruity 

Flat 
Garlic /Onion 
Heated 

Normal Moldy 
Range Rancid 
31 -40 Sulfide 

Unclean X 
Whey Taint 
Yeasty 

Body and 
Texture 30 Score Grade 29. 0 28.5 29. 0 Criticism 
No Corky 
Criticism Crumbly 
30 Curdy 

Gassy 
Mealy 
Open Slight Slight X 

Normal Pasty 
Range Short X 
25 -30 Weak 
Color Slits X X 
10 
No Score Grade 10.0 10.0 10. 0 Criticism 
10 Acid Cut 
Normal Mottled 
Range Seamy 
9 -10 
Finish Allowed Perfect 15.0 15.0 15.0 
15 
Total Total Score of 
95 Sample 92.5 90.5 90.5 Graders: Sandine, Bodyfelt, Vedamuthu, Elliker. 
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Chart 2. Oregon State University. 
Daily Cheese Record. 

Lot Number X -4 

Dairy 

Date 

Vat l 

A 
0. 85 

18 hours 

Products Laboratory 

July 19, 1963 

Vat 3 

C 
0. 86 

18 hours 

Source of Starter 
Acidity of Starter 
Age of Starter 

Vat 2 

B 
0. 82 

18 hours 

Lbs. Milk 850 800 800 
Percent Fat 3.90 3. 90 3. 90 
Lbs. Fat 31.20 31.20 31.20 
Lbs. Starter 8.0 8.0 8.0 
Rennet 1. 2 oz 1. 2 oz 1.2 oz 
Color 0. 8 oz 0. 8 oz 0. 8 oz 
Salt 2.4 lb 2.4 lb 2.4 lb 
Size of Curd Knife 3/8 " 3/8 " 3/8 " 

Time 
Starter Added 11 :15 11:30 11 :45 
Rennet Cup Time in mts. 2 :35 2 :25 2:25 
Rennet Added 12 :15 12 :30 12 :45 
Cutting 12 :50 1:05 1 :20 
Steam On 1 :10 1 :20 1 :35 
Steam Off 1:45 1:55 2 :10 
Start Draining Whey 3:00 3:10 3 :25 
Packing 3 :20 3 :30 3 :45 
Milling 5 :45 5 :30 5 :15 
Salting 5 :55 5 :40 5 :25 
Hooping 6 :15 6 :05 6:00 

Acidity at 
Setting 0. 19 0.18 0.18 
Cutting 0.115 0. 115 0.110 
Start Draining Whey 0. 145 0. 150 0. 150 
Packing 0.20 0.23 0.23 
Milling 0.58 0.58 0.58 

Temperature in degrees C 
Heat Treatment of Milk 64.0 64.0 64. 0 
When Starter Added 24.0 24.0 24. 0 
When Rennet Added 30.6 30.6 30. 6 

Cooked to 40.0 40.0 40.0 
Cured Cooled to 35.5 35.5 35. 5 

Hooping 34.4 34.4 34.4 
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Chart 2. (cont.) 

Vat 1 Vat 2 Vat 3 

No. and size of hoops 2 -40's 2 -40's 2 -40's 
Gross Wt. 85. 25 76. 00 79. 25 
Percent Yield 10.01 9. 50 9.91 

Cheese Makers: Bodyfelt and Nandan 

Chart 2a. Oregon State University. Dairy Products Laboratory. 

Lot Number X -4 Date July 19, 1963 

Analytical Data on Cheese Milk and Raw Cheese 

Raw Cheese 
Percent butterfat 
Percent Moisture 

Vat 1 

33. 00 
36. 00 

Vat2 

33. 00 
34. 85 

Vat3 

34. 00 
35. 50 

Percent Fat in Dry Matter 51. 60 50.70 52.60 

Cheese Milk 
Flavor of Raw Milk Feed Feed Feed 
Acidity of Raw Milk 0. 155 0. 155 0. 155 
Bacteria (SPC) <3000 <3000 X3000 
Percent Fat 3.95 3.95 3.95 
Percent Total Solids 12. 60 12. 60 12. 60 
Percent SNF 8. 65 8. 65 8. 65 
Percent Casein 2.56 2. 56 2. 56 
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Chart 2b. Date 10 -21 -1963. A. D. S. A. Cheddar Cheese Score Card 
Lot Number X -4 

Starter Code A B C 
Perfect 
Score Criticisms 
Flavor 
40 Score Grade Criticism 

Acid 
No Bitter 
Criticism Feed 
40 Fermented/ Fruity 

Flat 
Garlic /Onion 
Heated 

Normal Moldy 
Range Rancid 
31 -40 Sulfide 

Unclean 
Whey Taint 
Yeasty 

39.0 37.0 37. 0 

Slight 

Fermen Fruity 

Body and 
Texture 30 Grade Score 28. 5 28. 0 29. 5 Criticism 
No Corky 
Criticism Crumbly 
30 Curdy 

Gassy 
Mealy 
Open X X 

Normal Pasty 
Range Short X 
25 -30 Weak 
Color Slits Slight 
10 
No Grade Score 10.0 10.0 10. 0 

10 Acid Cut Criticism 
Normal Mottled 
Range Seamy 
9 -10 
Finish Allowed Perfect 15.0 15.0 15. 0 

15 
Total Total Score of 
95 Sample 92.5 90.0 91.5 

Graders: Sandine, Bodyfelt, Vedamuthu, and Elliker. 
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Chart 3. Oregon State University. Dairy Products Laboratory 
Daily Cheese Record. 

Lot Number 02 -11 -62 Date November 28, 1962 

Vat 3 Vat l Vat 2 

Source of Starter A KHP ML3P 
Acidity of Starter 0.85 0. 85 0.85 
Age of Starter 20 hours 20 hours 20 hours 
Lbs. Milk 860 860 860 
Percent Fat 3. 70 3. 70 3. 70 
Lbs. Fat 31.82 31.82 31.82 
Lbs. Starter 8.0 8.0 8.0 
Rennet 1.2 oz 1.2 oz 1.2 oz 
Color 0. 8 oz 0. 8 oz 0. 8 oz 
Salt 1.75 lb 1.75 lb 1.75 lb 
Size of Curd Knife 3/8 " 3/8 " 3/8 " 

Time 
Starter Added 11 :15 11:30 11 :45 
Rennet Cup Time in mts. 2 :35 2:35 2 :35 
Rennet Added 12 :15 12:30 12 :45 
Cutting 12:55 1:10 1 :25 
Steam On 1:05 1:20 1 :35 
Steam Off 1 :40 2:05 2 :20 
Start Draining Whey 3:35 2:50 3:50 
Packing - 
Milling 5 :45 4 :40 4 :40 
Salting 6 :00 5 :00 5 :00 
Hooping 6 :15 5 :20 5 :20 

Acidity at 
Setting 
Cutting 
Start Draining Whey 
Packing 

0. 165 
0. 11 

0. 14 
- 

0. 160 
0. 11 

0. 14 
- 

0.160 
0.11 
0. 14 

- 
Milling 0.53 0.53 0.52 

Temperature in degrees C 
Heat Treatment of Milk 64.0 64.0 64. 0 

When Starter Added 30.6 30.6 30. 6 
When Rennet Added 30.6 30.6 30. 6 
Cooked to 40.0 40.0 40.0 
Curd Cooled to - - 
Hooping 32.2 32.2 32.2 

- - 

- 
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Vat 1 Vat 2 Vat 3 

No. and size of hoops 2 -40's 2 -40's 2 -40's 
Gross Wt. 87. 5 87. 5 87. 5 
Percent Yield 10. 2 10. 2 10. 2 

Cheese Maker: Stein 

Chart 3a. Oregon State University. Dairy Products Laboratory. 

Lot Number 02 -11 -62 Date November 28, 1962 

Analytical Date on Cheese Milk and Raw Cheese 
Vat l Vat 2 Vat 3 

Raw Cheese 
Percent butterfat 31.5 33.0 33. 0 
Percent Moisture 36.97 36.5 36. 18 
Percent Fat in Dry Matter 

Cheese Milk 
Flavor of Raw Milk Good Good Good 
Acidity of Raw Milk 0. 15 0. 15 0. 15 
Bacteria (SPC) - 
Percent Fat 3. 70 3.70 3. 70 
Percent Total Solids 12. 00 12. 00 12.00 
Percent SNF 8. 30 8. 30 8. 30 
Percent Casein 2. 50 2. 50 2. 50 

- - - 

- - 
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Chart 3b. Date 3 -1 -1963. A. D. S. A. Cheddar Cheese Score Card 
Lot Number 02 -11 -62 

Starter Code 
Perfect 
Score Criticisms 
Flavor Score 40 Grade Criticism Acid 
No Bitter 
Criticism Feed 
40 Fruity 

Flat 
Garlic /Onion 
Heated 

Normal Moldy 
Range Rancid 

'31-40 Sulfide 
Unclean 
Whey Taint 
Yeasty 

A KHP ML3P 

39. 5 39.0 37.0 

X 

X 

Body and Score Texture 30 Grade 28. 5 28.0 28. 0 Criticism 
No Corky 
Criticism Crumbly 
30 Curdy 

Gassy 
Mealy X X 
Open 

Normal Pasty 
Range Short 
25 -30 Weak 
Color 
10 
No Grade Score 10.0 10.0 10.0 Criticism 
10 Acid Cut 
Normal Mottled 
Range Seamy 
9 -10 
Finish Allowed Perfect 15.0 15.0 15. 0 
15 
Total Total Score of 
95 Sample 93.0 92.0 90.0 

Graders: Sandine, Bodyfelt, Vedamuthu, and Elliker. 
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Figure 2. Photograph showing the openness reproduced in Cheddar 
cheese by the use of starters B and C (Bottom half) in 
comparison to cheese with close body produced by the 
use of starter A (Top half). 
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Effect of Temperature of Ripening on the Body and Flavor of Cheese 

The experimental cheeses were hooped into one 40 pound block 

and two 20 pound blocks. The 40 pound block was cured at 7. 2° C, 

and one 20 pound block at 1.7° C, and the other at 12. 8° C, to study 

the effect of different temperatures on the body and flavor of the pro- 

duct. 

At 12. 8° C, there was an overall acceleration of the ripening 

process in all the cheeses. At the time of grading, cheeses made 

with culture A had a sour, acid flavor and short, crumbly body. 

Cheeses yielded by culture B and C exhibited pronounced fruitiness 

and open -body. The openness was more severe in cheeses made with 

culture C than with culture B. The wrapping around the latter cheeses 

showed signs of bloating within two weeks due to the collection of gas 

in the intervening space between the wrapper and the cheese at this 

elevated temperature. 

At 7. 2° C, the rate of ripening was normal and after 90 days, 

the products from culture A showed typical body and flavor charac- 

teristics of medium -ripened good quality Cheddar cheese. In cheeses 

made with cultures B and C, fruitiness and open -body were easily 

detectable. In repeated trials, however, culture C was found to pro- 

duce without fail the typical fruity flavor associated with the specific 

defect .under investigation. Culture B at times exhibited a "fermented' 
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rather than a typical "fruity" flavor at 7. 2° C. 

Ripening was slower at 1. 7° C, but the fruity defect was more 

pronounced and intense with age up to 18 months, relative to that 

found in the same lots of cheeses cured at 7. 2° C and 12. 80 C for 

similar periods. 

After the establishment of the pattern of development of body and 

flavor characteristics at the above temperatures, it was decided to 

adopt 7.2° C as the only curing temperature for all cheeses in later 

studies. The rate and pattern of development of the typical "slit - 

open, fruity defect" at 7. 2° C was very similar to that encountered 

in the industry. Since simulation of commercial conditions were 

sought in this investigation, this plan was adopted for further trials. 

Use of Single Strain Starters for Cheese Manufacture and the Body 
and Flavor Characteristics of the Resultant Cheeses 

Having established that certain specific mixed strain starter cul- 

tures yield "fruity, slit- open" cheeses, an attempt was made to pin- 

point the specific strains in the mixtures that were responsible for 

this defect. In order to accomplish this, initially all the component 

strains in the mixtures were tried as single strain starters in cheese 

manufacture. Certain strains were found to be unsuitable in these 

trials due to their inability to produce at a sufficient rate the quantity 

of acid needed in the cheese -vat under normal operational conditions. 
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Hence, the component strains were subjected to the four -hour activity 

test of Horral and Elliker (65), and suitable strains were selected for 

cheese manufacture. 

All the single strains thus tested in cheese - making trials failed 

to produce the typical defect. In a majority of the trials, the cheeses 

were either bitter, unclean, or off- flavored, but could not be des- 

cribed as fruity. However, two single strains from culture C, yielded 

cheese that had a slight fermented flavor and extremely open body. 

The openings were in the form of shiny pin -hole cracks throughout the 

cut -face of the cheese. 

Along with single strains derived from commercial starters, cer- 

tain known single strains from the culture collection at the Department 

of Microbiology, Oregon State University, were tried in these ex- 

periments. One of the cultures thus utilized was S. lactis var. malti- 

genes LC -4, to find out whether such variants of S. lactis were in any 

way linked with fruity flavor in Cheddar cheese. S. lactis var. malti- 

genes is known to cause "maltiness" in market milk, cream, butter, 

and the malty flavored compound has been isolated and identified (69). 

The cheese lot made with S. lactis var. maltigenes LC -4 developed 

a very strong malty odor and flavor which was noticeable even during 

the cooking of the curd. The flavor was prominent in the cheese at 

the time of grading and overall flavor of the cheese had no resem- 

blance whatsoever to the typical fruity defect. Another strain tested 
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was S. diacetilactis 4R -5, which yielded cheeses with open body and 

"diacetyl or butter -like" flavor. Such results from this strain were 

not unexpected, since this strain exhibited high diacetyl and carbon 

dioxide production in milk in tests done prior to use as cheese starter, 

and in studies conducted earlier (122). 

Among the single strains employed in these trials, S. lactis M -3 

gave the typical fruity flavor defect in cheeses. The make sheet and 

flavor score charts on one lot of cheese made with this culture are 

shown on pages 68 and70 

Microbiological and Chemical Analyses on Experimental Cheeses 

Total Bacterial Counts on Cheese 

Early in the studies it was evident that lactic agar of Elliker et al. 

(40) was more suitable for bacterial counts on cheese than the Standard 

Plate Count Agar (7, p. 415). Hence, all the bacterial counts on 

cheese were made using the former medium. The trend of microbial 

population in cheeses made with cultures A, B, and C from Lot X -3 

is shown in Table VI. Counts on cheeses made from cultures A and 

C of Lot X -14 are given in Table VII. Counts taken during the manu- 

facture of Lot X -14 are found in Table VIII. The counts on cheeses 

made with cultures B and C showed a very gradual decline as com- 

pared to those on cheeses made with culture. A; also the counts were 



TABLE VI. TOTAL BACTERIAL COUNTS ON CHEESE SAMPLES FROM LOT X -3 MADE WITH CUL- 
TURES _A, B, AND C COLLECTED AT THE INDICATED INTERVALS. ALL CHEESES 
WERE RIPENED AT 7. 3° C. COUNTS REPORTED WERE MADE ON LACTIC AGAR 
AFTER INCUBATION FOR 72 HOURS AT 30° C. 

Age of cheese at sampling in days 
Cheese 
Lot No. 14 28 42 59 70 85 

X-3 A 

X-3 B 

X-3 G_ 

Count per gram of cheese x 106 

10. 5 

148. 0 

85. 0 

2. 2 

145. 0 

141. 0 

1.0 

123. 0 

103. 0 

1. 1 

136. 0 

146. 0 

0. 21 

84. 0 

140. 0 

0. 57 

60. 0 

95. 0 
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Figure 3. Starter population trends in cheeses from Lot X -3 
made with cultures A, B, and C during curing at 
7. 3o C. 
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TABLE VII, TOTAL BACTERIAL COUNTS ON CHEESE SAMPLES FROM LOT X -14 MADE WITH 
CULTURES _A AND _C COLLECTED AT THE INDICATED INTERVALS. ALL CHEESES 
WERE RIPENED AT 7. 3° C. COUNTS REPORTED WERE MADE ON LACTIC AGAR 
AFTER INCUBATION FOR 72 HOURS AT 30° C. 

Cheese 
Lot No. 0 7 14 

Age of cheese at sampling in days. 

21 28 35 42 49 63 77 91 

X-14 A 

X-14 C 

Count per gram of cheese x 106 

420 

1030 

210 

330 

52 

460 

82 109 1. 0 13. 3 21. 5 

730 480 480 460 490 

7. 8 

440 

1. 8 

390 

2. 5 

300 



TABLE VIII. TOTAL BACTERIAL COUNTS TAKEN DURING THE MANUFACTURE OF CHEESE 
LOT X -14 AT DIFFERENT STAGES OF THE MANUFACTURING PROCESS. ALL 
COUNTS REPORTED WERE MADE ON LACTIC AGAR AFTER INCUBATION FOR 72 
HOURS AT 30° C. 

Cheese Lot No. Process During Manufacture Total Count per ml /gm x 106 

X-14 A 

After addition of starter 
At setting 

At the time of cutting the curd 
At dipping on the curd 
At half -way cheddar on curd 
At milling time on curd 
Half an hour off the press 

4. 7 

11.2 

36. 0 

620. 0 

331.0 

450.0 

420. 0 

X-14 C 

Raw Milk 

After addition of starter 5. 9 

At setting 29. 4 

At the time of cutting the curd 152.0 
At dipping on the curd 610.0 
At half -way cheddar on curd 370. 0 

At milling time on curd - 

Half an hour off the press 1030. 0 

300 organisms per milliliter - 
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much higher throughout the testing period in the fruity cheeses as 

compared with those of normal, high grade product. 

Microscopic examination of one -tenth dilutions and colonies 

isolated from lactic agar plates of cheeses from Lot X -3 made 

with cultures A, B, and C, showed interesting trends. The presence 

of lactobacilli were detected after seven to eight weeks in cheeses 

from culture A, but were not seen after 16 weeks in cheeses prepared 

with cultures B and C. In cheeses made with starter C, the adventi- 

tious flora were not detected even after 24 weeks; the predominant 

organisms in such cheeses were starter strains of heterofermentative 

type. 

Quantitative Determinations of Total Reducing Sugars in 
Experimental Cheeses 

The initial determinations of total reducing sugars in the experi- 

mental cheese lots were made by the modified colorimetric method 

of Zipf and Waldo (153). In this method, anthrone reagent is used 

for the formation of the colored complex, which is measured spectro- 

photometrically. 

The results of analyses conducted on Lot 8 made on November 28, 

1961 with cultures A and C and cured at 1.7° C, 7. 2° C, and 12.8° C 

are shown in Table IX. Data for similar analyses on Lot X -3 made 

on July 17, 1963 with cultures A, B, and C and cured at 7. 2° are 



TABLE IX. PERCENT CONCENTRATIONS OF TOTAL REDUCING SUGARS IN CHEESE SAMPLES 
FROM LOT 8 MADE WITH CULTURES A AND C, COLLECTED AT THE INDICATED 

R INTERVALS AFTER PLACING IN THE RESPECTIVE CURING TEMPERATURES. THE 
VALUES WERE DETERMINED BY THE MODIFIED METHOD OF ZIPF AND WALDO 
(153) . 

Age of cheese 

Off press 

Temperature 
of curing ° C 

Vat 1 Culture _A Vat 2 Culture C 
Percent total reducing sugars Percent total reducing sugars 

7 days 

21 days 

29 days 

34 days 

52 days 

69 days 

90 days 

1.7 
7. 3 

12.8 

0. 696 
0. 387 
0. 258 
0. 192 

0. 576 
0. 480 
0. 444 
0. 372 

1.7 
7.3 

12. 8 

1.7 
7.3 

12.8 
1.7 
7. 3 

12.8 
1.7 
7. 3 

12.8 

0.276 
0. 156 
0. 066 
0.371 
0. 159 
0. 090 
0. 348 
0. 132 
0. 072 
0. 284 
0. 114 
0. 060 

0. 525 
0. 371 
0. 228 
0. 672 
0. 378 
0. 186 
0. 480 
0. 306 
0.174 
0. 390 
0. 120 
0. 144 

1.7 
7. 3 

12.8 
1.7 
7. 3 

12.8 

0. 210 
0. 111 
0. 048 
0. 186 
0. 096 
0. 033 

0. 438 
0. 204 
0. 054 
0.252 
0. 150 
0. 033 

- -- 

m 
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shown in Table X. 

The rate of dissipation of carbohydrate at 7. 2° C in the cheeses 

made with cultures A and C shows a wide variation between Lot 8 and 

Lot X -3. Similar trends encountered in several consecutive lots were 

too erratic to be accounted for by variations in the cheese milk, manu- 

facturing conditions, microbial flora, et cetera. Hence, the copper 

reduction method of Nelson (101) which is specific for reducing sugars 

was used in conjunction with the anthrone method to check the accuracy 

of the latter procedure for the cheese system. Typical results ob- 

tained in one such determination are shown in Table XI. These ana- 

lyses were made on cheeses made with cultures A and C of Lot X -14, 

which was made on April 14, 1964. The values obtained by the an- 

throne method in every determination was higher than that obtained 

by the copper- reduction method. Nelson's method was found to yield 

more consistent results in several trials and was used for all the de- 

terminations made during the latter part of the project. Colowick 

and Kaplan (20, p. 84 -85) listed reports showing that certain alde- 

hydes, amino acids, and alcohols could react with anthrone to give 

false increases in absorbancy values, and advised that this method 

be used with caution in less well- defined systems owing to the uni- 

versality of its reactions. The discrepancies observed with the an- 

throne method, and the probability of aldehydes influencing the in- 

tensity of the color complex in the test, suggested that the erratic 



TABLE X. PERCENT CONCENTRATIONS OF TOTAL REDUCING SUGARS IN CHEESE SAMPLES 
FROM LOT X -3 MADE WITH CULTURES _A, _B, AND _C AND CURED AT 7.3° C, AS 
DETERMINED BY THE MODIFIED METHOD OF ZIPF AND WALDO (153). SAMPLES 
WERE TAKEN AT THE INDICATED INTERVALS. 

Age of cheese (at sampling in days) 

Cheese Lot No. 14 28 42 59 70 85 

X-3 A 0. 177 0. 119 0. 109 0. 105 0. 116 0. 116 

X-3 B 0.456 0. 324 0.236 0. 240 0. 186 0. 270 

X-3 C 0.477 0.354 0. 327 0. 312 0. 242 0. 227 



TABLE XI. PERCENT CONCENTRATIONS OF TOTAL REDUCING SUGARS IN CHEESE SAMPLES 
FROM LOT X -14 MADE WITH CULTURES _A AND _C COLLECTED AT THE INDICATED 

CAS AS DURING RIPENING AT 7. 3° AS DETERMINED BY THE MODIFIED 
METHOD OF ZIPF AND WALDO (153) AND THE METHOD OF NELSON (101). 

Cheese 
Lot No. 

Method of 
Analysis 0 7 14 21 

Age at sampling (in days) 

28 35 42 49 63 77 91 

Anthrone 0.699 0.060 0.080 0.137 0.094 0. 120 0.081 0.090 0.093 0. 100 0.090 
X-14 A 

Nelson's 0.534 0.009 0. 105 0. 120 0.074 0.063 0.030 0.044 0.053 0.070 0.040 

Anthrone 0.792 0.342 0.288 0.338 0.306 0.270 0.234 0.228 0.221 0.243 0.235 
X-14 C 

Nelson's 0.624 0.264 0.219 0. 167 0. 189 0.171 0. 108 0. 107 0.115 0. 154 0. 100 

.. 

INTERVALS 
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trends probably reflected differences in the aldehyde levels in the 

samples. This led to the examination of carbonyl contents of the dif- 

ferent cheese lots. The report of Harper and Huber (54) prompted 

similar determinations on starter cultures. 

Total Soluble Nitrogen Determinations on Ripening Cheeses 

These determinations were made to investigate whether there 

were any differences in the rate and amount of proteolytic changes 

occurring in the ripening cheeses made from cultures A, B, and C. 

Table XII shows the total soluble nitrogen contents of cheeses from 

Lot X -3 as determined by the method of Vakaleris and Price (142). 

The rate of proteolysis in the three cheeses does not exhibit signifi- 

cant differences so as to be of importance in contributing to varia- 

tions in flavor at the time of grading. 

Total Carbonyl Concentrations in the Cheeses 

Total carbonyl determinations in the cheeses made with cultures 

A, B, and C from Lot X -3 are listed in Table XIII. Those on cheeses 

made from starters A and C of Lot X -14 are given in Table XIV. The 

carbonyl concentrations in all the cheeses show wide variations from 

one sampling to another, but at the time of grading, cheeses made 

with cultures B and C had higher carbonyl contents than those made 

with culture A. Similar trends were seen after 330 days. 



TABLE XII. PERCENT SOLUBLE NITROGEN IN CHEESE SAMPLES FROM LOT X -3 MADE WITH 
CULTURES A, B, AND C COLLECTED AT INTERVALS INDICATED DURING RIPEN- 
ING AT 7.36-C AS DETERMINED BY THE METHOD OF VAKALERIS AND PRICE (142) . 

Cheese 
Lot No. 14 

Age in sampling (in days) 

28 42 59 70 85 

X-3 A 0.226 0.496 0.612 0.616 0.729 0.752 

X-3 B 0.191 0.480 0.604 0.562 0.760 0.792 

X-3 C 0. 198 0.407 0.574 0.652 0.671 0.723 



TABLE XIII. TOTAL CARBONYL CONCENTRATIONS IN CHEESE SAMPLES MADE WITH CULTURES 
A, _B, AND _C FROM LOT X -3 COLLECTED AT THE INDICATED INTERVALS AS DE- 

BY THE METHOD OF JUNI AND HEYM (73). ALL CHEESES WERE RIPEN- 
ED AT 7.3° C. 

Milligrams carbonyl per 100 grams of cheese at sampling in days 
Cheese 
Lot No. 14 28 42 59 70 85 330 

X-3 A 0. 68 0.90 0.46 0. 76 0.96 2. 61 0.44 

X-3 B 1. 39 1. 88 1. 58 2. 32 3.82 4. 20 1. 26 

X-3 C 0.76 0.77 0. 50 1. 76, 0.88 3.43" 1. 10 

TERMINED 



TABLE XIV. TOTAL CARBONYL CONCENTRATIONS IN CHEESE SAMPLES MADE WITH CUL- 
TURES _A AND C FROM LOT X -14 COLLECTED AT THE INDICATED INTERVALS. 
ALL CHEESES WERE RIPENED AT 7. 3° C. CARBONYL DETERMINATIONS WERE 
MADE BY THE METHOD OF JUNI AND HEYM (73) . 

Milligrams carbonyl per 100 grams cheese at sampling in days 
Cheese 
Lot. No. 0 7 14 21 28 35 42 49 63 77 91 

X-14 A 0.87 3.04 0.95 2.09 2.04 2.26 1.24 0.91 1.01 0.81 1.08 

X-14 C 1.48 4.02 1.33 1.82 1.50 2.31 2.59 2.32 1.43 1.34 2.00 
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Figure 4. Curve showing the fluctuations of total carbonyl con- 
centrations in cheeses from Lot X -3 made with cul- 
tures A, B, and C during curing at 7. 3o C. 
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Taxonomic and Cultural Studies on the Commercial Starters, 
and Certain Selected Lactic Streptococci used in this Investigation 

Taxonomic Studies 

The results of the taxonomic studies and the physiological char- 

acteristics of the component strains of the cultures and their species 

identities are given in Tables XV, XVI, and XVII. 

Role of Utilization of Citrate and Growth Rate of Lactic Streptococci 
in Milk Cultures 

The growth rates and the rates of utilization of citrate by S. 

lactis, S. cremoris, and S. diacetilactis in milk cultures were de- 

termined in a time -course experiment to investigate the probable 

reasons for the preponderance of certain non - antibiotic producing 

lactic strains in mixed starter cultures. The results are found in 

Table XVIII. 

The plate counts on milk cultures of S. lactis, S. cremoris, and 

S. diacetilactis after eight hours and 30 hours at 30° C are shown in 

Table XIX. 

The results of the two experiments show that the ability of S. 

diacetilactis to use citrate in addition to lactose confers an added 

growth and competitive advantage to this heterofermentative organism 

in mixed cultures. 



TABLE XV. CULTURAL AND PHYSIOLOGICAL CHARACTERISTICS OF COMPONENT STRAINS OF 
CULTURE A AND THEIR SPECIES IDENTITY. 

CO2 Gas 
from 11% 

Coagulation Arginine King's Test Visible Non -fat Species 
Starter of Milk in Growth Hydrolysis for Gas in Milk in Identity 
Culture 24 Hours at in Niven's Diacetyl Citrate 4 Hours of the 
Strain at 21° C 45° C Broth in Milk Broth at 30° C Strain 

A-1 P N N N N NG S. cremoris 
A-2 P N N N N NG S. cremoris 
A-3 P N N N N NG S. cremoris 
A-4 P N N N N NG S. cremoris 
A-5 N* N N N N NG S. cremoris 
A-6 N* N N N N NG S. cremoris 
A-7 N* N N N N NG S. cremoris 
A-8 P N N N N NG S. cremoris 
A-9 P N N N N NG S. cremoris 
A-10 P N N r N N NG S. cremoris 
A-11 P N N N N NG S. cremoris 
A-12 P N N N N NG S. cremoris 
A-13 P N N N N NG S. cremoris 
A-14 P N N N N NG S. cremoris 
A-15 P N N N N NG S. cremoris 
A-16 P N N N N NG S. cremoris 

P - Positive, N- Negative, NG - No Gas Production, 
*Coagulation after 48 hours at 210 C. 

a Leuconostoc strain. 
Occasionally the mixed Culture A behaved as if it contained 

»ID 



TABLE XVI. CULTURAL AND PHYSIOLOGICAL CHARACTERISTICS OF COMPONENT STRAINS 
OF CULTURE B AND THEIR SPECIES IDENTITY. 

CO2 Gas 
from 11% 

Coagulation Arginine King's Test Visible Non -fat Species 
Starter of Milk in Growth Hydrolysis for Gas in Milk in Identity 
Culture 24 Hours at in Niven's Diacetyl Citrate 4 Hours of the 
Strain at 21° C 45° C Broth in Milk Broth at 30° C Strain 

B-1 P N P N N NG S. lactis 

B-2 P N P N N NG S. lactis 

B-3 P N N N N NG S. cremoris 

B-4 P N N N N NG S. cremoris 

B-5 P N P N N NG S. lactis 

B-6 P N P N N NG S. lactis 

B-7 P N P N N NG S. cremoris 

B-8 N* N N N N NG Leuconostoc sp. 

P - Positive, N - Negative, NG - No Gas Production 

*No coagulation after 48 hours at 21° C. 



TABLE XVII. CULTURAL AND PHYSIOLOGICAL CHARACTERISTICS OF COMPONENT STRAINS 
OF CULTURE C AND THEIR SPECIES IDENTITY. 

Starter 
Culture 
Strain 

Coagulation 
of Milk in 

24 Hours 
at 21° C 

Growth 
at 

45° C 

Arginine 
Hydrolysis 
in Niven's 

Broth 

King's Test 
for 

Diacetyl 
in Milk 

Visible 
Gas in 
Citrate 
Broth 

CO2 Gas 
from 11% 
Non -fat 
Milk in 
4 Hours 
at 30° C 

Species 
Identity 

of the 
Strain 

C-1 P N P P P 886* S. diacetilactis 

C-2 P N P P P 848* S. diacetilactis 

C-3 P N P P P 743* S. diacetilactis 

C-4 P N P N N 114* S. lactis 

C-5 P N N N N NG S. cremoris 

C-6 P N P N N NG S. lactis 

C-7 P N P N N NG S. lactis 

P - Positive, N - Negative, NG - No Gas Production 

*Microliters 



TABLE XVIII. RATE OF UTILIZATION OF CITRATE AND GROWTH RATE OF LACTIC STREPTO- 
COCCI IN 11% NON -FAT MILK CULTURES INCUBATED AT 30° C. 

Zero time 6 hours 10 hours 12 hours 18 hours 24 hours 
Plate 

Culture Percent count 
number citrate x 10 

Percent 
citrate 

Plate 
Percent counk 
citrate x 10 

Percent 
citrate 

Plate 
Percent count 
citrate x 106 

Plate 
Percent count 
citrate x 10 

Control 
0.230 

Sterile 
10% 
Non -fat 
Milk 

0 

*0. 160 

0.230 0.230 0 0.229 0.229 2x10 -5 

*0. 160 

0.229 <1x10 -4 

S. cremoris 
6.1 

*0. 160 

0.230 0.299 90 0.229 0.229 740 

*0. 720 

0.229 190 0.233 
M-9C1 

S. lactis 
4.8 

*0. 160 

0.230 0.229 266 0.229 0.229 1190 

*0. 850 

0.229 930 0.230 
C-2 

S. diacetilactis 
13.5 

*0. 160 

0. 197 0.143 450 0.084 0.047 2360 

*0. 430 

0.042 3040 0.230 
18 -16 

*Acidity as percent lactic acid. 



TABLE XIX. PLATE COUNTS ON CULTURES OF S. CREMORIS, S. LACTIS, AND S. DIACETILAC- 
TIS IN 11% NON -FAT MILK AT 30° C AFTER EIGHT AND 30 HOURS. 

Culture Number 
Plate count after 8 hours 

at 30° C x 106 
Plate count after 30 hours 

at 30° C x 106 

Sterile Milk 7 x 10 6 - 2 x 10-5 

S. cremoris 
9.0 <1.0 

M9C1 

S. lactis 
185.0 319.0 

C-2 

S. diacetilactis 
170.0 1340.0 

18-16 

. 

_ 
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Influence of Milk Citrate Concentration on Associative Growth of 
Lactic Streptococcus Organisms 

Table XX shows the effect of increasing the concentration of 

citrate in 11 percent non -fat milk on the relative proportion of S. 

diacetilactis C in the overall population when grown in association with 

S. lactis C and S. cremoris KH. 

The S. lactis and S. diacetilactis strains used in this study are 

two of the component strains of mixed starter culture C used for 

cheese manufacture. Culture S. cremoris KH is a New Zealand strain. 

The results of the experiment indicate a definite preponderance 

of S. diacetilactis in twin mixtures, which increased with increasing 

concentrations of citrate. This finding confirmed the observations 

made in the previous experiment. 

Survival of Starter Cultures at Various pH Levels and Salt Con- 
centrations at Cooling Temperatures used in Cheddar Cheese 
Manufacture 

In this study, cultures A and C were compared as to the relative 

capacity of the starters to withstand cooking temperatures at pH 

levels encountered during cheese manufacture. The relative salt 

tolerances of the two starters were also compared. 

The results of the experiment shown in Tables XXI and XXII, 

clearly indicates that culture C is more resistant to the combined 

effects of pH, salt, and temperature as encountered in the cheese vat. 



TABLE XX. EFFECT OF INCREASING THE CONCENTRATION OF CITRATE IN 11 PERCENT NON- 
FAT MILK ON THE RELATIVE PROPORTION OF S. DIACETILACTIS C IN THE OVER- 
ALL POPULATION WHEN GROWN IN ASSOCIATION WITH S. LACTIS C AND S. CRE- 
MORIS KH. 

Culture 
combination 

Percentage 
of added 

citrate 

Number 
of 

colonies 
picked 

Number of picked colonies Percentage of 
S. diacetilactis 

Argentine Hydrolysis Diacetyl production among colonies 
picked positive negative positive negative 

0. 00 
control 

30 - - 12 18 40.0 

S. lactis C 

and 
0.20 30 - - 16 14 53.3 

0.60 30 - - 23 7 76.7 
S. diacetilactis C 

1.00 30 - - 21 9 70.0 

0.00 
control 

30 23 7 - - 76.7 

S. cremoris KH 

and 
0.20 30 28 2 - - 93.3 

0.60 30 28 2 - - 93.3 
S. diacetilactis C 

1.00 30 29 1 - - 96.7 



TABLE XXI. COMBINED EFFECT OF pH AND TEMPERATURE ON STARTER CULTURE POPULA- 
TION IN 11% NON -FAT MILK INCUBATED FOR FOUR HOURS AT THE RESPECTIVE 
TEMPERATURES. 

Culture pH 
Plate count /ml x 106 after 4 hours Percent fraction surviving after 4 hours 

At 37° C At 40° C At 37° C At 40° C 

A Control 
6. 6 17.0 4. 0 

5. 5 16.0 3. 8 94. 1 95. 0 

5. 0 2. 4 3. 3 15.0 80. 2 

C Control 

6. 6 91.0 21. 0 

5. 5 42.0 21. 0 46.2 100. 0 

5. 0 14.5 20. 0 16.0 90. 5 

á 



TABLE XXII. COMBINED EFFECT OF SALT CONTENT AND TEMPERATURE ON STARTER CUL- 
TURE POPULATION IN 11 PERCENT NON -FAT MILK INCUBATED FOR FOUR HOURS 
AT THE RESPECTIVE TEMPERATURES. 

Percent Plate count /ml x 106 after 4 hours 
Culture salt At 37° C At 40° C 

Percent fraction surviving after 4 hours 
At 37° C At 40° C 

A Control 

0. 0 

2. 0 

2. 5 

3. 0 

17. 00 

6. 80 

0.46 

0. 14 

4. 00 

0. 50 

0. 30 

0. 13 

40. 00 

2. 70 

0. 82 

12. 50 

7. 50 

3. 25 

C Control 

0. 0 

2. 0 

2. 5 

3. 0 

91.00 

45. 00 

20. 00 

11.00 

21. 00 

7. 70 

5. 80 

5. 10 

50. 0 

22. 0 

12. 1 

33. 20 

25. 00 

24. 40 
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Total Carbonyl Concentrations in Milk Cultures of Starter Cultures 
and Specific Single Strains Used in this Study 

Without exception, all researchers in the field of flavor chemistry 

of Cheddar cheese have stressed the importance of carbonyl com- 

pounds in contributing to Cheddar cheese flavor. However, the pre- 

sence of certain carbonyls in high concentrations have been reported to 

impart off -flavors to food products. Lactic streptococci differ in 

their ability to produce carbonyls in milk cultures and these differen- 

ces might be reflected in the flavor of the product made with them. 

With this in view, the relative carbonyl producing ability of the start- 

er cultures and single strains used for cheese manufacture in this 

study were examined. The results of such determinations are shown 

in Tables XXIII, XXIV, XXV and XXVI. 

The total carbonyl production by cultures B and C which gave 

fruity cheeses were consistently higher than that found with culture A. 

TABLE XXIII. TOTAL CARBONYL CONCENTRATION IN STARTER 
CULTURES A, B, AND C IN 100 GRAMS OF 11 PER- 
CENT NON -FAT W MILK WITH ONE PERCENT INOCU- 
LUM INCUBATED AT 30° C FOR 24 HOURS. 

Starter Culture 
Total carbonyl concentration milligrams 

per 100 grams 

A 1. 82 

B 6. 90 

C 3. 10 
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TABLE XXIV. TOTAL CARBONYL CONCENTRATION IN 11 PER- 
CENT NON -FAT MILK CULTURES OF THE COM- 
PONENT STRAINS OF STARTER A INCUBATED FOR 
24 HOURS AT 30° C. 

Total carbonyl concentration 
Starter strain milligrams per 100 grams 

S. cremoris 
A-1 

S. cremoris 
A-2 

S. cremoris 
A-3 

S. cremoris 
A-4 

S. cremoris 
A-5 

S. cremoris 
A-6 

S. cremoris 
A-7 

S. cremoris 
A-8 

S. cremoris 
A-9 

S. cremoris 
A-10 

S. cremoris 
A-11 

S. cremoris 
A-12 

S. cremoris 
A-13 

S. cremoris 
A-14 

S. cremoris 
A-15 

S. cremoris 
A-16 

1.88 

1. 32 

1.75 

1.72 

1. 30 

1.49 

0. 89 

1.03 

1.44 

1. 35 

1.24 

0.46 

1.83 

O. 67 

0.89 

0.82 
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TABLE XXV. TOTAL CARBONYL CONCENTRATIONS IN 11 PERCENT 
NON -FAT MILK CULTURES OF THE COMPONENT 
STRAINS OF STARTER B, INCUBATED FOR 24 HOURS 
AT 30° C. 

Total carbonyl concentrations 
Starter strain milligrams per 100 grams 

S. lactis 
B-1 

S. lactis 
B-2 

S. cremoris 
B-3 

S. cremoris 
B-4 

S. lactis 
B-5 

S. lactis 
B-6 

S. cremoris 
B-7 

Leuconostoc Sp. 
B-8 

2. 85 

2.91 

3. 28 

1.04 

2. 15 

1. 90 

1. 87 

0. 46 
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TABLE XXVI. TOTAL CARBONYL CONCENTRATIONS IN 11 PER- 
CENT NON -FAT MILK CULTURES OF THE COM- 
PONENT STRAINS OF STARTER C INCUBATED FOR 
24 HOURS AT 30° C. 

Starter strain 
Total carbonyl concentration 

milligrams per 100 grams 

S. diacetilactis 5.40 
C-1 

S. diacetilactis 6. 15 
C-2 

S. diacetilactis 1.18. 
C-3 

S. lactis 4. 67 
C-4 

S. cremoris 2.76 
C-5 

S. lactis 1. 83 
C-6 

S. lactis 1. 70 
C-7 
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A similar pattern was observed with certain component strains of the 

cultures B and C showing almost three times the concentrations pro- 

duced by the component strains of culture A. Further, the overall 

carbonyl production by S. cremoris strains in the three cultures was 

always lower than that produced by either S. lactis or S. diacetilactis 

strains. To investigate further whether such a trend was true in 

other known strains of S. cremoris, S. lactis, and S. diacetilactis, 

six strains of each of the above species along with six strains of Leu- 

conostoc were examined for carbonyl production in milk cultures. 

The results are shown in Table XVII. The data obtained in such de- 

terminations concurred with the trends observed with the component 

strains of the cheese starters. In general, the total carbonyl concen- 

trations in milk cultures of S. cremoris were consistently lower than 

those observed in cultures of S. lactis and S. diacetilactis. The Leu- 

conostoc species in general produced very little amounts of carbonyls. 

Separation and Tentative Identification of Carbonyl 
Compounds Present in Milk Culture Extracts of Starters A and C 

The monocarbonyl derivatives obtained from 11 percent non -fat 

milk culture extracts of starters A and C were resolved on the 

Seasorb - Celite Column of Schwartz et al. (125), and the individual 

elutes of the colored bands, after evaporation of the solvent, were 

taken up in chloroform for determining the spectral absorption 



TABLE XXVII. TOTAL CARBONYL PRODUCTION BY SIX DIFFERENT 
TOCOCCUS AND LEUCONOSTOC SPECIES IN 11 

STRAINS OF 
PERCENT NON -FAT 

LACTIC STREP- 
MILK INCU- 

BATED FOR 24 HOURS AT 30° C. 

Species 

Serial 
number 

Streptococcus Streptococcus Streptococcus Leuconostoc Sp. 
cremoris lactis diacetilactis 

Strain 

Total 
carbonyl 
mg/ 100 

grams Strain 

Total 
carbonyl 
mg/ 100 
grams Strain 

Total 
carbonyl 
mg/ 100 
grams Strain 

Total 
carbonyl 

mg/ 100 
grams 

1 11D-1 0.48 11454 0.95 ATCC11007 1.54 L-28 0.43 

2 Da-1 0.63 10D 1.34 QEL 2.99 L-31 0.66 

3 KHP 1.32 S1E 1.74 4R-5 3.56 L-15 0.66 

4 HPP 1.35 C-2 3.29 Sd18-16 4.64 91404 0.79 

5 Da-13 1.67 ML-3P 3.50 DRC-1 4.81 Da-3 1. 15 

6 4R-7 1.77 M9C 4.67 V-16 8.52 HL-56 4.28 
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characteristics. The absorption curves for the derivatives from the 

different bands are shown in Figures 5 and 6. The observed absorp- 

tion characteristics indicated the presence of saturated aldehydes, 

2- enals, and 2, 4- dienals. On chromatographic separation, however, 

acetone was found to be present in each of the saturated aldehyde 

fractions from cultures A and C. The acetone was identified by its 

absorption maxima in chloroform, and its absorption behavior in al- 

coholic potassium hydroxide in contrast to that of saturated aldehydes. 

The absorption curves of basic solutions of a spot suspected to be 

acetone and one coinciding with the chromatographic position of ace- 

taldehyde collected from a thin -layer chromatogram of the aldehyde 

faction from starter C are shown in Figure 7. Jones et al. (72) 

proposed this procedure to distinguish between methyl ketones and 

saturated aldehydes. These observations confirmed the presence of 

acetone in the aldehyde fractions obtained from extracts of A and C. 

The thin -layer and paper chromatographic separation of the sat- 

urated aldehyde fractions from extracts A and C revealed that the 

former contained acetaldehyde and propionaldehyde, the latter lacked 

propionaldehyde but had formaldehyde in addition to acetaldehyde. 

Photographs showing chromatographic separation of the saturated 

aldehyde fractions are shown in Figures 8 and 9. In paper chromato- 

graphic treatment of the aldehyde fraction from extract C, the pre- 

sence of an unknown compound with a very slow migratory behavior 
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a. Wavelength of maximum absorption: 356 -358 millimicrons -- saturated 
aldehydes. b. Wavelength of maximum absorption: 375 -378 millimicrons 
- - 2- enals. c. Wavelength of maximum absorption: 385 -387 millimicrons 
- - 2, 4- dienal. 

Figure 6. Absorption spectra of chloroform solutions of the 
individual monocarbonyl classes separated from 
DNP- hydrazones derived from starter C. 
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Zero Time 

15 Minutes 

30 Minutes 

45 Minutes 

60 Minutes 

400 450 500 550 
Wave Length in Millimicrons (mµ) 

(a) Shows a faster rate of color decay and disappearance of peak at 530 millimicrons 
with time - saturated aldehyde. (b) Shows a slower rate of color decay and retains 
the peak at 530 millimicrons even after 60 minutes - methyl ketone. 
Figure 7. Absorption spectra showing the color decay rates for alcoholic potassium 

hydroxide solutions of two fractions collected from thin -layer chromato- 
gram of the dark brown band (saturated aldehyde) eluted off the class - 
separation column containing the monocarbonyl DNP- hydrazones derived 
from starter C. 
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3 4 

1. Saturated aldehyde fraction from starter A. 2. Mixture of 
authentics C1 to C4 saturated aldehyde 2, 4- DNP -hydrazones. * 
3. Saturated aldehyde fractions from starter C. 4. Mixture of 
authentics C1 to C4 saturated aldehyde 2, 4- DNP -hydrazones. * 

*The longer the carbon chain the greater the migration from the 
base line. 

Figure 8. Photograph showing the thin -layer chromatogram of the 
saturated aldehyde fractions from cultures A and C, de- 
veloped according to the method of Urbach (141). 
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was observed in every trial (Spot X in Figure 9). In the system used 

for this separation, the Rf value for the compound ranged from O. 11 

to 0. 15, indicating its strong polarity in relation to the neutral car- 

bonyls. Its identity was not established. 

Acetone was the only methyl ketone detected in the derivatives 

from A and C. 

The compounds of the enal fractions were not identified, since 

the trace amounts of derivative obtained from the rust- colored, and 

lavender bands were not sufficient for chromatographic work after 

determination of the absorption spectra. 

As shown in Figure 10, pyruvic acid was the only member of the 

acidic carbonyls found in the starter extracts. 

The dicarbonyl derivatives from extracts of A and C were found 

to consist of glyoxal, diacetyl, and an alpha -keto alkanal. A photo- 

graph of the thin -layer chromatogram of the dicarbonyl derivatives 

is shown in Figure 11. 

Besides small amounts of acetaldehyde, acetone, and pyruvic 

acid, traces of 2 -enals and 2, 4- dienals were also found in the ex- 

tracts of 11 percent non -fat sterile milk. In the light of these ob- 

servations, among the various carbonyl compounds detected in milk 

cultures of the starters, only the saturated aldehyde components, 

pyruvic acid, diacetyl, and possibly the other two dicarbonyls, could 

justifiably be considered to have been produced by the metabolic 
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1. Saturated aldehyde fraction from starter A. 2. Saturated 
aldehyde fraction from starter C. 3. 2, 4- DNP -hydrazone of 
formaldehyde. 4. 2, 4- DNP -hydrazone of acetaldehyde. 5. 2, 
4- DNP -hydrazone of propionaldehyde. X. Unidentified compound 
showing very slow migratory behavior. (Rf = 0. 11 - 0. 15). 

Figure 9. Photograph showing the paper chromatogram of the 
saturated aldehyde fractions from cultures A and C, 
developed according to the method of Heulin (68). 
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1. Keto acid fraction from starter A (0. 02 milliliter spot). 2. Keto acid fraction from starter A_ 

(0.01 milliliter spot). 3. Keto acid fraction from starter C (0. 02 milliliter spot). 4. Keto acid 
fraction from starter C (0.01 milliliter spot). 5. 2, 4- DNP -hydrazone of Pyruvic acid. 6. 2, 4- 
DNP- hydrazone of alpha -keto glutaric acid. 7. 2, 4- DNP -hydrazone of oxalosuccinic acid. 8. 2, 
4- DNP -hydrazone of glyoxylic acid. 
Figure 10. Photograph showing the paper chromatogram of the keto -acid fractions from cultures 

A and C, developed according to the method of El Hawary and Thompson (39). 
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1. Dicarbonyl fraction from starter A (0.02 milliliter spot). 2. 
Dicarbonyl fraction from starter C (0. 01 milliliter spot). 3. 2, 
4 -DNPH derivative of glyoxal. 4. 2, 4 -DNPH derivative of dia - 
cetyl. 5. Mixture of glyoxal and diacetyl derivatives. 6. Di- 
carbonyl fraction from starter C (0. 005 milliliter spot). 

Figure 11. Photograph showing the thin -layer chromatogram 
of dicarbonyl -(bis) -2, 4- dinitrophenylphydrazones 
from cultures A and C, developed according to the 
method of Schwartz et al. (127). 
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activities of the starter organisms in the milk substrate. 

Quantitative Determination of Certain Carbonyl Compounds 
Found in the Milk Cultures of Starters A and C 

The results of the quantitative determinations are shown in Table 

XXVIII. In culture C, the acetaldehyde and diacetyl contents were al- 

most four and seven times the respective amounts found in starter A. 

TABLE XXVIII. APPROXIMATE CONCENTRATIONS OF CERTAIN 
CARBONYL COMPOUNDS FOUND IN 11 PERCENT 
NON -FAT MILK CULTURES OF STARTERS A AND 
C INCUBATED AT 30° C FOR 24 HOURS. 

Carbonyl compound 
found in the extracts of 

milk cultures 

Approximate concentration in milligrams 
per 100 grams of milk culture 

Starter A Starter C 

Formaldehyde none 0. 30 

Acetaldehyde 0. 30 1.30 

Propionaldehyde 0.25 none 

Acetone 0. 13 0.22 

Diacetyl + Acetoin 0. 12 0. 74 

- 
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V. DISCUSSION 

Several different viewpoints on the probable roles of starter mic- 

roorganisms in the development of openness and off -flavors in Ched- 

dar cheese are found in isolated reports in the literature. In this 

study, a major breakthrough for an integrated approach embracing 

the different lines of thinking on this problem was achieved, when it 

was possible to produce under similar operational conditions, and 

using the same bulk milk, normal cheeses alongside defective ones 

by mere variation of the commercial starters added to the respective 

vats. 

With reference to recurring slit- openness encountered in Aus- 

tralian Cheddar cheese, Dawson and Feagan (31) suggested that poor 

survival of starter strains caused by the higher cooking temperature 

(43.3° C) adopted by the Australian cheese industry could result in 

incomplete fermentation of the sugars, thus making available suf- 

ficient substrate from which the heterofermentative non -starter bac- 

teria could produce gas and other undesirable metabolic byproducts 

in the cheese. Similar arguments have been forwarded by Ritter 

et al. (114) and Nilsson and Guldstrand (102) to explain undesirable 

fermentations encountered in high- cooked Emmental and Herrgard 

cheeses. Dawson and Feagan (30) also included the relative acid and 

salt tolerances of the starter strains to be additional deciding factors 
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for the residual sugar concentration in cheeses. Mabbitt (84), without 

any reference to the contributing factors mentioned above, concurred 

with the opinion that residual sugars in the cheese would encourage 

heterofermentative metabolism resulting in gas and off -flavors from 

the readily fermentable substrate. The present day commercial six - 

hour cheese - making operations in the United States employ a maxi- 

mum cooking temperature of 40° C, which is not too far off the 43. 3 °C 

limit used in Australia. Such high- temperature cooking, now widely 

used in the United States, could be claimed to lead to conditions simi- 

lar to that described by the above investigators. However, as could 

be seen from the values shown in Table XI for Nelson's carbohydrate 

analyses on Lot 14, the rate of utilization and disappearance of the 

sugars in the cheeses made with cultures A and C did not show dif- 

ferences which could account for the distinct dissimilarity in the 

flavors of the cheeses at the time of grading. As indicated in Table 

V, in repeated trials culture A yielded normal fine -flavored Cheddar 

cheese, while the use of starter C resulted in open and fruity - 

flavored cheese. The findings on the relative acid and salt tolerances 

of cultures A and C at 37° C and 40° C, summarized in Tables XXI, 

and XXII, show that culture A is more susceptible to such conditions 

than starter C. These results clearly repudiate any suggestion 

linking the development of openness and fruitiness in cheeses to 

meager survival of the starter organisms in question, when subjected 
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to temperature -, acidity -, and salt -levels attained during cooking and 

subsequent operations in cheese manufacture. The bacterial counts 

taken during the manufacture of Lot X -14, shown in Table VIII, further 

substantiate the above observations. The data on the counts taken 

during manufacture revealed that upto the cheddaring process, there 

was practically no difference in the rate and magnitude of the increase 

in the numbers of organisms from cultures A and C. Beyond the ched- 

daring stage, however, especially after prolonged contact with salt, 

the numbers of organisms derived from starter A showed a definite 

decline, while the starter population from C continued at a very high 

level. After the addition of the starters to the cheese milk, Vat A 

had a count of 4. 7 x 106 organisms per milliliter, and Vat C had a 

count of 5. 9 x 106 organisms per milliliter. At half -way cheddaring 

(the stage in cheese manufacture which represents the period after 

maximum exposure to the highest temperatures used in cooking), the 

counts on the respective curds were 331 x 106 and 370 x 106 organisms 

per gram. In samples of raw cheese taken after 30 minutes off the 

cheese press (the point which represents prolonged initial contact with 

salt), raw cheese made with starter A had only 420 x 106 organisms 

per gram, while that from culture C had 1030 x 106 organisms per 

gram, which is almost 2. 5 times that found in cheese A. 

An examination of the species identities of the component strains 

of cultures A and C in Tables XV, XVI, and XVII shows that starter A 



119 

is almost entirely made up of S. cremoris strains and culture C has 

besides one S. cremoris strain, three S. lactis and an equal number 

of S. diacetilactis strains. Dawson and Feagan (30) had found a great- 

er salt tolerance among S. lactis and S. diacetilactis strains than 

among the S. cremoris strain used in their study. They also noted 

that all the S. diacetilactis strains tested withstood 6. 5 percent salt 

in milk; at this level of salt, none of the S. cremoris and S. lactis 

strains tested survived. With regard to heat tolerance, Alfredsson 

et al. (4) cited a study by Swartling and Lindgren who found that in 

fluid milk, aroma -forming S. diacetilactis strains in starter cultures 

had a greater heat resistance than either S. cremoris or S. lactis. 

Alfredsson et al. (4) made similar observations in experimental cheese 

manufacturing trials where maximum cooking temperatures of 37o C 

and 47o C were used. The findings of the present study concurred 

with the above reports. In addition to the above observations, the 

mere fact that in repeated cheese - making trials, culture C was adap- 

tive enough to produce sufficient acid during the various operational 

stages at an adequate rate to fall within the "six -hour cheese making 

schedule ", was sufficient to obviate any suggestion of impairment or 

retardation of sugar utilizing ability of the culture at high tempera- 

ture-, acid -, or salt -levels. 

The total bacterial counts on cheeses made from starters A, B, 

and C shown in Table VI, indicate striking differences in the trend 
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of bacterial population between the cheeses made with culture A and 

those made from starters B and C. In the normal cheeses, the bac- 

terial populations rapidly fell down to a very low level within four 

weeks, but in the defective cheeses, the number of microorganisms 

showed a very gradual decline. As seen in Figure 3; the numbers 

of bacteria in the cheese made with starter C remained almost level 

for over a period of ten weeks. At the time of grading of Lot X -3, 

the total count on the cheese made with culture A was only 0. 5 million 

per gram (0.05 percent of the maximum count recorded during the 

maturation of the cheese), while the counts on the fruity, slit -open 

cheeses made with starters B and C were 60 and 95 millions per gram 

respectively (40. 6 and 62. 1 percents of the maximum counts obtained 

during the ripening period). Microscopic examination and study of 

the cultural characteristics of the colonies picked from agar platings 

of cheeses B and C showed that the organisms were predominantly 

starter flora. Further, periodic microscopic observations on the 

smears made from one -tenth plate -count dilutions of the cheese sam- 

ples revealed that while numerous lactobacilli could be seen in smears 

of cheese A within seven to eight weeks of maturation, none could be 

detected in smears of cheeses B and C even after 16 weeks of ripen- 

ing. The importance of lactobacilli for the normal development of 

cheese flavor has been stressed by many investigators (85, 94). In 

studies on the bacterial population in cheeses made with S. cremoris, 
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S. lactis, and S. diacetilactis, Dawson and Feagan (30) found that in 

cheeses made with S. cremoris strains, the starter populations de- 

clined rapidly within two weeks, but in cheese manufactured with 

either S. lactis or S. diacetilactis strains, the numbers of starter 

bacteria remained at a high level even after eight weeks. The authors 

suggested that the persistance of S. lactis and S. diacetilactis bac- 

teria might produce a very different environment from that provided 

by rapidly declining S. cremoris starter, for the growth and develop- 

ment of adventitious flora and if cheese flavor was indeed influenced 

by non -starter bacteria, the use of any one of the above species must 

be a significant ecological factor in flavor development. Perry (108) 

considered that prolonged persistance of starter bacteria might sup- 

press the development of lactobacilli in the ripening cheese at the 

right time and stage, and as a result, the entire course of normal fer- 

mentative and chemical changes could be altered. The observations 

made in the present investigation indicate that similar shifts in micro- 

bial relationships in the ripening cheese appear to be contributing fac- 

tors in the development of the specific body and flavor defect in the 

finished product. 

The cultural characteristics of the colony isolates obtained from 

the total count plates of cheese C of Lot X -3, showed that up to the 

time of grading, a major number of isolates picked into milk tubes 

from the plates were heterofermentative starter strains. As referred 
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to earlier, culture C is composed of one S. cremoris strain, and three 

each of S. lactis and S. diacetilactis strains. In the lyophilized over- 

all mixed culture, the proportions of S. cremoris, S. lactis, and S. 

diacetilactis might be considered to occur roughly as 14, 43, and 43 

percents respectively. Within the first sampling period itself, the 

bacterial populations in the cheese had so drastically changed that 

more than 80 percent of the colony isolates from the total count plates 

were S. diacetilactis organisms. Similar trends were noticed in sev- 

eral repeat trials. Another significant observation that substantiated 

the above findings was the data obtained with a sample of cheese re- 

ceived from a commercial Cheddar cheese manufacturer. The cheese 

had developed severe gas openness and fermented flavor within a week 

after manufacture. The sample had a total plate count of 174 million 

microorganisms per gram. Out of 100 colonies picked at random from 

duplicate platings of the cheese, 87 turned out to be S. diacetilactis 

strains. The specific lot of commercial, lyophilized starter culture 

used for the manufacture of that batch of cheese was also plated on 

lactic agar, and 100 colonies were picked at random from duplicate 

plates. Only 37 of these were identified as S. diacetilactis strains; 

of the remaining, 51 were S. cremoris, 11 were S. lactis, and one 

was a Leuconostoc strain. Such overwhelming preponderance of the 

S. diacetilactis strains from the mixed - strain starters as found in 

the young cheeses could account for the severe openness encountered 
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in all the cheeses made with starter C at the time of grading. From 

Table XVII it is evident that three of the seven strains in starter C 

are high carbon dioxide producers, evolving no less than 700 micro- 

liters of the gas within four hours at 30° C from 11 percent non -fat 

milk. In milk cultures containing a mixture of S. cremoris, S. lactis, 

and S. diacetilactis, the last mentioned heterofermentative species 

has been found to exhibit the "phenomenon of strain dominance. " 

Anderson and Leesment (8) demonstrated such dominance in twin mix- 

tures in milk, using physiological tests to differentiate the species. 

Henning et al. (63), using host -specific phages, showed progressive 

dominance of S. diacetilactis strains leading to almost virtual domi- 

nance in mixed cultures carried through two or three transfers in milk. 

As a part of this project, an attempt was made to investigate the prob- 

able reasons for such dominance. 

The results of the time -course experiment on the rate of growth 

and utilization of citrate in 11 percent non -fat milk summarized in 

Table XVIII, shows that with 18 hours, S. diacetilactis 18 -16 utilized 

almost 80 percent of the total citrate content in the milk but failed to 

produce even enough acid to coagulate the milk. On the other hand, 

during a similar interval, S. lactis and S. cremoris cultures failed 

to utilize any of the citrate, but produced enough acid from lactose to 

cause firm coagulation of the milk. Depending on the initial numbers, 

all three cultures exhibited proportionate increases in their population 
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after 18 hours, but beyond that period, the S. lactis and S. cremoris 

counts registered a decline, but the S. diacetilactis population contin- 

ued to rise up to 24 hours. In the succeeding experiment, counts were 

taken after eight and 30 hours (data shown in Table XIX). In this 

experiment, S. diacetilactis was found in great numbers in the milk 

culture after 30 hours by which period the S. cremoris organisms had 

virtually disappeared in the culture; even though the count after eight 

hours in the S. lactis culture was higher than that for the S. diaceti- 

lactis culture, at the end of 30 hours, the numbers of S. lactis or- 

ganisms was only 25 percent of the value obtained for the S. diaceti- 

lactis count. These results indicate that S. diacetilactis utilizes 

citrate at a much faster rate than lactose, which does not result in 

as rapid an accumulation of lactic acid as to become inhibitory within 

18 hours. In contrast, the homofermentative lactic streptococci, 

which solely depend upon lactose for carbon, metabolize the sugar 

rapidly enough to accumulate inhibitory levels of lactic acid within 

18 hours of growth., These results suggest that the metabolic ver- 

satility of S. diacetilactis in comparison with the homofermentative 

Streptococcus species provides it with an overwhelming advantage in 

mixed cultures of lactic streptococci. Since seasonal fluctuations up 

to 100 percent for milk citrate content have been reported by several 

authors (49, p. 24; 70, p. 166; 112), it was considered necessary to 

ascertain the growth relations of different lactic Streptococcus species, 
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in milk containing varying amounts of citrate. Table XX, shows the 

results of such a study in which the cultures were combined in 11 per- 

cent non -fat milk fortified with sodium citrate at levels ranging from 

zero to one percent. The data indicated that with increasing citrate 

concentration, the dominance by S. diacetilactis was greater and the 

effect was more accentuated when in combination with the S. cremoris 

strain than with the S. lactis strain. The maximum milk citrate con- 

tent is usually found during the spring season when the cows are turned 

out on green pasture (70, p. 166). In view of the foregoing observa- 

tions, the raw milk flora during the spring season might predominantly 

be made of S. diacetilactis strains, which, unless destroyed by suf- 

ficient heat treatment of the milk, could cause serious difficulties in 

cheese operations by leading to openness and fermented and /or fruity 

flavors in the finished cheese. The choice of starter cultures also 

might have to be made carefully, especially if some of the commer- 

cial mixtures contain S. diacetilactis strains. In a recent survey of 

raw milk supplies (12) and also of commercial mixed strain starters 

(120) conducted at Oregon State University, S. diacetilactis strains 

have been found to be more widely distributed than generally believed 

before, especially in raw milk. 

Having established that the use of certain starter cultures usually 

resulted in openness and fruitiness in cheese, and that such strains 

through their prolonged persistance in the ripening cheese might alter 
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the microbiological changes needed for normal cheese -flavor develop- 

ment, it was necessary to examine the direct contribution of these 

strains to cheese flavor. This was especially considered important 

since the changes occurring in the ripening cheese reflect to a large 

extent the metabolic activity of the predominant flora during the mat- 

uring period. The important flavor components of Cheddar cheese 

are fatty acids, hydrogen sulfide, amino acids, esters, and carbonyl 

compounds (94). The proper balance in the concentrations of these 

compounds is considered necessary for producing the typical cheddar 

flavor (78, 80). Excess of any one of these components have been 

found to impart off -flavors in the cheese (16, 79). It is well known 

that in comparison to other bacteria, lactic streptococci are neither 

strongly lipolytic nor proteolytic. From this, it might be reasoned 

that important metabolic byproducts of these organisms significant to 

cheese flavor would be carbonyl compounds. The mechanisms for the 

production of certain acidic and neutral carbonyl compounds by lactic 

streptococci can be found in the reports of Harper and Huber (54) , 

MacLeod and Morgan (87, 88), and Marth (93). Further, Harper 

and Huber (54) have found striking differences in the amounts and kinds 

of acidic carbonyls produced in milk by homofermentative lactic acid 

bacteria. Acidic components were also found in appreciable concen- 

trations in Cheddar cheese extracts by Bassett and Harper (10). 

MacLeod and Morgan (89) demonstrated distinct differences in the 
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ability of lactic Streptococcus species to produce aldehydes in milk 

cultures, and Harvey (60) reported on similar differences among lactic 

streptococci in the production of certain aldehydes and ketones. In 

view of this, total carbonyl production in milk substrate by the com- 

mercial mixed culture starters and their component strains were de- 

termined in order to investigate whether or not there were any dif- 

ferences in the amounts of carbonyls produced by starters A, B, and 

C. The results of such determinations are summarized in Tables 

XXIII, XXIV, XXV, and XXVI. The data showed that the total carbonyl 

concentration in 24 -hour old milk cultures of starters B and C were 

significantly higher than that found in similar cultures of starter A. 

Further, the total carbonyl production by individual component strains 

of culture A (as shown in Table XXIV) varied from a minimum of 0.47 

milligrams to a maximum of 1.89 milligrams in 100 grams of milk 

culture; on the other hand, the minimum - maximum range values for 

component strains of cultures B and C were 0.46 to 3. 28 and 1.70 to 

6. 16 milligrams respectively in a similar amount of milk culture. The 

average values for all the 16 strains in starter A (1.26 milligrams in 

100 grams culture) amounted to only one -half of the corresponding 

values obtained for starters B (2.45 milligrams per 100 grams cul- 

ture) and C (3.48 milligrams in 100 grams culture). It is also in- 

teresting to note that, in general, the S. cremoris strains in all the 

three starters produced lesser amounts of carbonyl than either S. lactis 
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or S. diacetilactis strains under similar cultural conditions. Fur- 

thermore, as found by Dawson and Feagen (30), only the S. lactis 

and S. diacetilactis strains from starters B and C persisted for a long 

period in the ripening cheese. Perry (108) also reported that in 

cheeses made with S. lactis strains, the starter organisms persisted 

for a long time in the cheese as opposed to S. cremoris strains which 

declined rapidly in numbers within two weeks of ripening. He also 

found that while the cheese made with the S. lactis strains were in- 

variably fruity or "lactic" flavored, the cheeses made from the S. 

cremoris strains had the typical Cheddar flavor. He considered that 

the metabolic by- products of such S. lactis strains might probably be 

some of the contributing factors to the off -flavor. In order to check 

whether similar trends were true in reference to carbonyl production 

with other strains of lactic Streptococcus species, six cultures each 

of the three species were tested and found to agree with the general 

observations made with the commercial starter cultures (Table XXVII). 

It is noteworthy that the total carbonyl concentration found in 100 

grams of 24 -hour milk culture of S. lactis ML -3P was 3. 50 milli- 

grams, which is comparatively higher than that found in any of the S. 

cremoris cultures. This S. lactis culture, when used as a single- 

strain starter was found by Perry (108) to produce under repeated 

trials distinct fruitiness in cheese and was received from him on re- 

quest. As shown in the previous section, this strain produced 
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fruitiness in cheese- making trials in the present investigation (Charts 

3 and 3b). Among the S. cremoris strains, however, there were a 

few, which produced relatively greater concentrations of total car- 

bonyls than generally found among this species. Such strains are ex- 

emplified by cultures B -3 (3. 28 milligrams in 100 grams), C -5 

(2.76 milligrams in 100 grams), and another well -known strain C -13 

(2. 37 milligrams in 100 grams) . Since the only major differentiat- 

ing characteristic now used to distinguish between S. cremoris and 

S. lactis organisms is arginine deaminase activity, some of the above 

mentioned exceptional S. cremoris strains might represent inter- 

mediate cultures between S. cremoris and S. lactis species or S. 

lactis strains that have lost the property of arginine deamination due 

to mutation. The latter probability appears the more likely explana- 

tion especially in the light of recent evidence presented by Mikolajcik 

(96) who found that oxytetracycline resistance among S. lactis is ac- 

companied by the loss of arginine deaminase activity. It is signifi- 

cant to note that this antibiotic is marketed under the trade name 

"Terramycin" and is extensively used in the treatment of mastitis. 

The S. lactis flora of the milk, during treatment of mastitic cows 

with this drug, could come into contact with sufficient concentrations 

of the antibiotic to cause mutations with loss of arginine deaminase 

activity. It is also interesting to note that MacLeod and Morgan (89) 

failed to note among strains of S. cremoris the ability to degrade 
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amino acids to corresponding aldehydes through deamination followed 

by decarboxylation as found in certain malty and non -malty strains of 

S. lactis. Recently such activity with certain amino acids by S. dia- 

cetilactis has been observed at Oregon State University (98); decarboxy- 

lation of alpha -keto acids also was shown. 

The observations made on the apparent relationship of the starter 

culture to the slit -open, fruity flavor defect was substantiated in fur- 

ther cheese manufacturing trials, where cheeses from vats which 

were seeded with selected strains of S. lactis or S. diacetilactis 

(selected for high carbonyl production), after inoculation with culture 

A gave fruity, slit -open cheeses; the unseeded vats yielded a close fine - 

flavored product. A few trials utilizing culture A in two vats, one of 

which contained raw bulk milk and the other heat -treated milk, showed 

that when raw milk was used, the cheeses usually had open texture, 

and fruity or fermented off -flavors. The heat -treated -milk cheeses 

were uniform in quality and did not have serious body or flavor de- 

fects. It is probable that raw milk supplies generally carry some 

"wild" S. lactis or S. diacetilactis strains, which could cause serious 

problems with openness and off -flavors in cheese unless the milk is 

adequately heat -treated to destroy these organisms. These observa- 

tions stress the need for proper heat -treatment of cheese -milk if a 

uniform, high -grade product is desired by commercial cheese manu- 

facturing operations using manufacturing grade milk. 
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With regard to total carbonyl concentrations in cheeses made 

with starters A, B, and C, no definite pattern was observed since all 

the cheeses showed wide variations from sampling to sampling as seen 

in Figure 4. Kristoffersen and Gould (79) found that cheeses with the 

greatest fluctuations in carbonyl compounds during ripening developed 

the highest intensity of desirable flavor. However, at the time of 

first grading of Lot X -3 after 90 days and the second examination after 

330 days, as seen in Table XIII, the carbonyl concentrations of the 

cheeses B and C were almost 1. 5 times greater than that found in 

cheese A. 

The major qualitative differences among the neutral mono - 

carbonyl components present in the milk culture extracts of starters 

A and C, were the presence of propionaldehyde and the absence of 

formaldehyde in the extracts of A and vice versa in the extracts of 

starter C. Quantitative determinations made from the elutes of the 

individual spots on thin -layer chromatograms of the aldehyde fraction, 

showed that culture C produced greater amounts of acetaldehyde than 

starter A. The same was true for acetone. Absorbancies determined 

at wavelengths of maximum absorptions of elutes from pyruvate and 

diacetyl hydrazone spots from the respective chromatograms also in- 

dicated a higher content of these components in the extracts of C than 

that found in A. Kristofferson and Gould (79) had found a distinct cor- 

relation between high pyruvic acid content of ripening cheeses and 



132 

impaired flavor in the finished product. Calbert and Price (15) had 

noted that high diacetyl content in cheese was generally associated 

with off-flavors. 

In a review on the metabolism of lactic streptococci, Marth (93) 

reported that in heterofermentative lactic streptococci, pyruvic acid 

is the key intermediate in the fermentation of lactose and citrate; 

furthermore, in the fermentation of lactose to pyruvate by glycolytic 

pathway, sufficient reduced NAD (nicotinamide adenine dinucleotide) 

is produced to convert pyruvate to lactic acid but in the case of citrate - 

fermentation, the production of pyruvate occurs without simultaneous 

supply of reduced NAD, and hence products other than lactic acid could 

be formed. A portion of the common pool of pyruvate derived from 

lactose and citrate may be converted into acetaldehyde by decarboxy- 

lation and indeed this has been shown (93). This would account for 

higher concentrations of acetaldehyde observed in milk culture ex- 

tracts of starter C which contain three S. diacetilactis strains. Al- 

though high concentrations of acetaldehyde by itself may in no way 

directly affect the flavor of the cheese, it could in the presence of 

other flavor components alter the "flavor balance" necessary for typi- 

cal Cheddar flavor. In a complex system such as Cheddar cheese, 

containing a variety of amino acids, aldehydes (derived from amino 

acids and other sources) and fatty -acids (derived from milk fat), 

there are immense possibilities of chemical combination and blending, 
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and a slight shift in favor of certain specific combinations could alter 

the overall flavor of the product, As such, the reduction of excess 

acetaldehyde into ethyl alcohol and the subsequent formation of esters 

with fatty acids on chemical contact as found by Hart et al. (59) could 

give rise to esters such as ethyl acetate, ethyl butyrate, and ethyl 

formate, which in excess concentrations were incriminated by Harri- 

son (58) to impart fruitiness similar to pear or pineapple flavor in 

Cheddar cheese. Qualitative identification and quantitative deter- 

minations of the esters isolated from fruity and normal cheeses have 

indeed shown this to be true (Bills, D. D. , and E. A. Day, 1965. 

Unpublished Data. Corvallis, Oregon State University, Dept. of 

Food Science). 

The validity of the foregoing observations under practical op- 

erating conditions was shown in recent field tests conducted in the Mid - 

Western States. On the basis of the observations made on the cor- 

relation between the concentration of total carbonyl produced in milk 

cultures of specific strains and the development of fruitiness in cheeses 

made with such strains, three mixtures made up of strains producing 

low carbonyl concentrations (tested at Oregon State University) have 

been found to consistently produce high grade Cheddar cheese in large 

scale operations where great losses have been previously been en- 

countered due to openness and fruitiness. 
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VI. SUMMARY 

In repeated Cheddar cheese - making trials under uniform condi- 

tions, a distinct relationship between the mixed strain lactic starters 

used (A, B, and ç) and the flavors of the resultant cheeses was es- 

tablished. Starter A (normal) yielded cheeses with desirable body 

and flavor characteristics; cheeses made from culture B (defective) 

had open body and fermented and /or slight fruity flavor; and those 

made with starter C (also defective) were criticized for severe slit - 

openness and pronounced fruity flavor. 

Attempts to show differences between "normal" and "defective" 

starters as to survival patterns at temperature -, acidity -, and salt - 

levels encountered in cheese manufacture to account for the develop- 

ment of body- and flavor- defects were unsuccessful. The results in 

fact showed that the "defective" culture organisms survived in greater 

numbers than the "normal" culture organisms, contrary to sugges- 

tions made by earlier workers. Investigations on the relative sugar - 

utilizing and protein- degrading abilities of the starter flora in the 

respective cheeses indicated no significant differences between cul- 

tures A, B, and C from these standpoints. These observations re- 

futed earlier explanations to the effect that the development of open- 

ness and off -flavors in the product with the use of certain starters is 

related to insufficient rates of sugar and protein degradation by the 
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starter strains in question. 

Taxonomic studies showed that lactic streptococci of starter A 

were exclusively S. cremoris strains; starter B contained S. lactis 

strains in addition to S. cremoris, and culture C had S. diacetilactis 

besides S. cremoris and S. lactis. Populations trends of the "normal" 

and "defective" cultures in the ripening cheeses revealed that the 

"normal" starter population declined rapidly and was progressively 

replaced by a succeeding flora which included lactobacilli. The "de- 

fective" starter populations persisted at high levels for a prolonged 

period and as a result, the appearance of lactobacilli was considerably 

delayed from 8 weeks, when they appeared in the normal cheese, to 

often 16 to 24 weeks. In short, the microbial sequence which was 

probably necessary for normal flavor development was altered by the 

prolonged persistance of starter strains from cultures B and C. 

Among the different starter species represented in culture C, the S. 

diacetilactis strains were found to dominate the cheese flora up to the 

grading period (90 days). 

In an effort to investigate the direct contribution made by the "de- 

fective" starter strains to fruitiness and openness in the resultant 

cheeses, the carbon dioxide and carbonyl -producing abilities of the 

starters and their component strains were examined. Starter C 

which produced severe slit- openness in cheeses was found to contain 

three S. diacetilactis strains capable of producing copious amounts 
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(more than 700 microliters) of carbon dioxide from 11 percent non- 

fat milk in four hours at 30° C. With regard to carbonyl production 

in milk, cultures B and C and their component strains other than S. 

cremoris were found to accumulate two to four times the total car- 

bonyl concentration found in milk cultures of A and its component 

strains. The S. lactis and S. diacetilactis strains in starters B and 

C accumulated greater amounts of carbonyl compounds than most of 

the S. cremoris strains present in all the three cultures. Similar 

trends were observed when six known strains of S. cremoris, S. 

lactis, and S. diacetilactis were compared for total carbonyl produc- 

tion in milk. The correlation between high carbonyl production by 

certain starter strains and the development of off -flavors in cheeses 

made with such strains was confirmed by seeding trials; the addition 

of selected high carbonyl -producing S. lactis or S. diacetilactis to 

cheese vats inoculated with culture A resulted in fruity cheeses, 

while the unseeded vats yielded a fine- flavored product. 

Qualitative studies on the types of carbonyl compounds produced 

in milk cultures of A and C revealed no striking differences except 

that culture A had propionaldehyde but lacked formaldehyde as opposed 

to starter C which contained formaldehyde but did not have propional- 

dehyde. However, quantitative determinations of the individual car- 

bonyl components showed that culture C had greater concentrations 

of acetaldehyde, acetone, diacetyl and possibly pyruvic acid than 
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culture A. The excess amounts of these components could, by chemi- 

cal combination or mere blending with other flavor constituents of 

cheese, alter the "flavor balance" to cause fruitiness. The possibility 

of the large excess of acetaldehyde being reduced to alcdhol for sub- 

sequent reaction with free fatty acids to form esters which have been 

found to cause fruitiness in cheese, was offered as a possible explana- 

tion for the relationship between high carbonyl -producing starter 

strains and the occurrence of fruitiness in cheeses made with such 

starters. Thus, the influence of starter strains on final flavor of 

Cheddar cheeses was considered to be two fold: direct and indirect. 

The direct effect is due to the accumulation of certain metabolic by- 

products of the starter strains, which in the presence of other flavor 

constituents could form excess amounts of certain "flavor blends" or 

chemical compounds undesirable for normal Cheddar flavor develop- 

ment. The indirect effect is excercised by the influence of the start- 

er organism on the growth and development of succeeding flora con- 

sidered necessary and important for normal flavor development in 

Cheddar cheese. 
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