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ABSTRACT 

A Lactic Culture Stimulant Blend from 

Kluyveromyces fragilis and Whey 

by 

Steven L. Wright, Doctor of Philosophy 

Utah State University, 1984 

Major Professor: Dr. Gary H. Richardson 
Department: Nutrition and Food Sciences 

xvii 

A buffered growth medium was developed that sustained 

a significantly greater concentration of various strains 

of Streptococcus lactis and Streptococcus cremoris than 

did milk. The active buffering ingredients of this med i um 

were magnesium hydroxide, ammonium and sodium salts of 

phosphate and citrate. This medium was entitled Lactic 

Culture Buffered Growth medium (LABGRO) and possessed 

about 8 times the buffering strength between pH 6.6 and 

5 .1. 

Significant differences in growth and acid production 

rates were noted among Prt+ and Prt- lactic strains 

evaluated. Also noted were significant differences in 

cellular acid production rates. The two Prt- strains 

having the slowest growth rate in milk were selected as 

test strains to evaluate stimulants. 



xviii 

Three strains of Kluyveromyces fragilis were 

aerobically propagated in whey medium and afterwards 

subjected to autolysis conditions. Whey protein and 

casein were added to some yeast samples prior to 

initiation of autolysis. To some of these latter samples, 

pepsin was added. After autolysis the yeast and 

yeast-protein samples were dried and their stimulatory 

properties for lactic culture propagation were evaluated 

with a test strain and LABGRO medium. No product was 

found to be as stimulatory as a control commercial yeast 

autolysate. Yeast-protein samples with added pepsin were 

markedly more stimulatory than the other samples. The 

whey-derived yeast extract significantly improved the 

lactic culture growth stimulating properties of protein 

hydrolysates. 

(219 pages) 



INTRODUCTION 

The use of pH controlled whey-based bulk medium for 

cheese making is increasing as more cheese plants modify 

their culture facilities to accommodate pH controlled 

fermentation (Personal communication, Reed Ernstrom, 

Biolac Inc., 1983). Even though the cost of pH controlled 

whey-based medium is markedly less expensive than 

milk-based phage inhibitory media, a typical cheese plant 

using pH controlled bulk medium and processing 1,000,000 

lbs of milk a day pays approximately $45,000 a year for a 

stimulant and phosphate blend to add to whey. Yeast 

extract, yeast autolysate and casein hydrolysate are 

common stimulants added to bulk media and range in price 

from $1.80/lb for yeast autolysate to $4.50/lb for casein 

hydrolysate, exclusive of shipping costs (Personal 

communication, Blake Butterfield, Biolac Inc., 1983). 

The cheese maker often discards the raw materials 

from which stimulants for propagation of his cheese 

cultures could be obtained. Properly processed whey could 

yield yeast autolysates and whey protein hydrolysates that 

would serve as stimulants for a lactic culture bulk 

medium. A regionally located plant could produce a yeast 

autolysate-whey protein hydrolysate product at minimal 

cost for several cheese plants using pH controlled 

whey-based medium for bulk fermentations. Production of 



less expensive stimulants would make pH controlled 

whey-based bulk medium more appealing to the cheese maker. 

2 

Less expensive stimulants for pH controlled 

whey-based medium would also encourage use of protease 

negative lactic cultures (lactic cultures lacking some 

protease enzymes and which grow to lower concentrations in 

cheese milk than cultures with protease enzymes) for 

cheese making. Protease negative lactic cultures can be 

propagated in pH controlled whey-based medium to 

concentrations similar to those reached with regular 

lactic cultures (133). However, 2 to 3 times the inoculum 

is required with protease negative lactic cultures than is 

required to make cheese with regular cultures. Benefits 

of using protease negative lactic cultures for 

cheesemaking include: less chance of bitter cheese 

developing (102), greater protection against bacteriophage 

and antibiotics (45), greater cheese yield (115), and 

greater control of acid production during high temperature 

cheese production (141). 

The goals of this research project were (A) to 

develop methods to evaluate whey-derived nutrients for 

incorporation into lactic culture bulk media, (B) to 

develop a procedure to monitor whey-derived nutrients 

during production and (C) to establish production 

parameters for whey-derived products. 



The term lactic cultures refers to Streptococcus 

lactis and Streptococcus cremoris, unless otherwise noted. 

3 
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REVIEW OF LITERATURE 

Nutrition of Lactic Cultures 

Pont and Holloway (125) found pH controlled whey to 

be unsatisfactory in propagating lactic cultures unless 

stimulants such as tryptone or yeast extract are added. 

Law et al. (83) observed similar results. Wright and 

Richardson (178) found that a pair of lactic strains 

propagated in pH controlled whey-based medium with 0.4% 

yeast extract and 0.1% casein hydrolysate are 220% more 

active than they are when propagated in pH controlled 

whey-based medium with no added stimulants. McDonald (97) 

reported that lactic cultures grow poorly in medium where 

casein is the sole source of protein and that growth 

increased significantly when the sodium caseinate is 

treated with papain. Wright and Richardson (178) found 

that a pair of lactic strains propagated in pH controlled 

nonfat dry milk-based medium with 0.4% yeast extract and 

0.1% casein hydrolysate are 150% more active than they are 

when propagated in pH controlled milk-based medium with no 

added stimulants. Other researchers have also observed 

the stimulatory properties of yeast extracts and protein 

hydrolysates on lactic cultures (6, 7, 26, 29, 36, 46, 73, 

75, 91, 145, 146, 149, 154, 177). 



5 

Growth Factors 

Amino acids. Essential nutrients of lactic cultures 

have been extensively investigated. Reiter and Oram (129) 

found amino acids GLU, VAL, MET, LEU, ILE and HIS to be 

essential amino acids for the S. lactis strains tested. 

In addition to these, PRO and PHE were essential for S. 

cremoris strains tested. Niven (109) reported that a 

minimum of 14 amino acids were required to produce prompt 

growth of the S. lactis strains tested and he found GLU 

and ASP to be essential for all cultures. Anderson and 

Elliker (5) found that of 35 strains of S. lactis and S . 

cremoris tested, all required PRO, ILE, VAL, LEU, HIS, 

GLU, and MET; and all but one strain r equired ARG. Husain 

and McDonald (70) found LEU, ILE, MET, VAL, ARG and HIS to 

be required for lactic culture growth. Ramasamy and 

Natarajan (128) found ALA, ARG, GLU, LEU to be required by 

their S. lactis test strain and ARG, GLU, HIS, ILE and LEU 

to be required for the S. cremoris test strain. 

Vitamins and Minerals. Reiter and Oram (129) found 

niacin, pantothenic acid and biotin to be essential 

vitamins for lactic cultures. Niven (109) and Anderson 

and Elliker (5) observed similar results. Anderson and 

Elliker (5) also observed that thiamin and pyridoxine are 

required for maximum growth. Koburger et al. (78) found 

inosine, hypoxanthine and adenine to be stimulatory. The 



stimulatory properties of purine bases was confirmed by 

other researchers (30, 100, 146). Pyrimidines were found 

to have little affect on lactic culture growth (30). 

Olson and Qu tub (116) found iron, magnesium, molybdenum 

and selenium to be stimulatory to 2 strains of lactic 

cultures. 

Protein Utilization 

Preliminary Observations. Several researchers have 

observed lactic streptococcal strains that are unable to 

coagulate milk (23, 47, 86, 98). A lactic strain 

desi g nated a slow starter meant that it could not 

coagulate milk in 18 hat 1% inoculum at 22 C (89). About 

2% of the total cell population of the lactic strains in 

one study were slow (23, 59). Slow lactic strains 

propaga ted in skim milk were reported only to reach 20-30 % 

the final cell concentration of fast strain (23, 120). 

Citti et.al. (23) found the gr owth rate of the slow lactic 

strain equal to that of the fast strain in their 

respective exponential growth phases. Pearce et.al. (120) 

and Thomas and Mills (156) reported similar results. 

Limsowtin et.al. (90) observed that the lag phase of slow 

strains is shorter than that of the fast strains. 

Citti et al. (23) found the fast lactic strain to be 

four times as proteolytic as the slow strain. Ex ter kate 

(41) and Pearce et al. (120) found the slow variant to 

6 
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have no cell wall associated proteolytic enzymes that were 

found in parent strains. Exterkate (41) also reported 

that a slow lactic strain of S. cremoris HP had no 

intracellular proteolytic enzyme. However, Exterkate (41) 

and Law (84) confirmed slow lactic strains to possess 

peptidase activity. 

As genetic research of lactic cultures progressed, 

proteolyzing capability was found to be plasmid-linked 

(31, 39, 98). Hence, slow lactic strains were termed 

protease negative ( Prt-). Limsowtin and Terzaghi (89) 

introduced a selective plating method involving milk and 

~-glycerol phosphate for isolation of protease positive 

(Prt+) and Prt- lactic strains. The Prt+ colonies 

utilize casein and therefore grow larger than Prt

colonies which cannot utilize casein. Mills and Thomas 

(102) defined those colony isolates requiring more than 2 

days to coagulate autoclaved milk at 22 C as Prt-. Yu et 

al. (179) found multiple and differentiable plasmids in 

various lactic culture strains. Davies et al. (32) 

suggested the use of plasmid profiles to characterize 

lactic strains. 

Proteolytic capabilites of various degrees have been 

observed in lactic cultures. Exterkate (42) discovered 

the presence of three separable proteolytic enzymes in S. 

cremoris HP and found that a group of 14 strains of S. 

cremoris varied as to the sets of enzymes possessed. 



Limsowtin et al. (90) noticed that different plate 

isolates from the same "pure culture" required from 18 h 

to 10 days to coagulate milk incubated at 22 C. 

Proteolytic System .2..f Lactic Cultures. Lawrence and 

Thomas (87) state that in order for lactic cultures to 

reach a density in milk of 0.5 mg dry weight/ml 

(corresponding to 109 colony forming units/ml), 0.25 mg 

protein substrates/ml milk, or 0.025% amino acids are 

required. Milk contains only 0.004-0.010% total free 
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amino acids and small peptides. Lactic cultures therefore 

must breakdown milk proteins in order to grow to 

concentrations they normally attain in cheese milk (i.e. 

10 9 colony forming units/ml). 

The metabolic role played by lactic culture 

proteolytic enzymes was investigated by Mills and Thomas 

(103). They observed that lactic cultures first deplete 

the amino acids and peptides in the milk and then start 

proteolyzing and assimilating the milk caseins as the 

amino acid and peptide levels become too low to sustain 

growth. As cell density levels increase there is a 

concommitant increase in proteinase and peptidase levels. 

Speck and Williamson (148) observed an inverse 

relationship between the amount of proteolysis and the 

concentration of pancreas extract added to milk which 

signifies that the presence of peptides inhibits the 



lactic cultures from hydrolyzing milk proteins. 

(42) observed similar results. 

Exterkate 

Proteinases (9, 27, 28, 40, 41, 80 , 114, 153, 172) 

and peptidases (40, 93, 161) have been isolated from 

lactic cultures. In an extensive study of the proteolytic 

system of S. cremoris HP, Exterkate (40) identified an 

acid proteinase (Pl), a neutral proteinase (P2), an 

intracellular proteinase (Pi), two endopeptidases (P37, 

PSO), an aminopeptidase (AP) and a praline iminopeptidase 

( I p ) • 

Sussman and Gilvarg (151) stated that most peptide

utilizing microorganisms bring peptides into the cell 

where they are cleaved. Peptides are transported as 

dipeptides or oligopeptides by permeases and not by 

diffusion. Amino acids are usually transported into the 

cell by permeases which are group specific. The bacterial 

cell wall acts as a selective sieve. Eschericia coli can 

accept peptides up to 6 amino acid residues long (118). 

Law (84, 85) confirmed that lactic cultures do use 

peptides as an amino acid source. He found that amino 

acid transport is different than peptide transport. He 

also found that not all peptides are utilized as 

efficiently and suggested that this may be due to the 

particular transport system of the strain and that the 

degree of nitrogen assimilation by the lactic strain is 

re lated both to the presence of proteolytic enzymes as 

9 
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well as to the transport systems of the strain. Rice et 

al. (130) confirmed a Prt- lactic strain to contain a 

peptide transporting system. Exterkate (41) confirmed a 

Prt- strain of S. cremoris HP to contain peptidase 

activity comparable to the Prt+ strain. Desmazeaud and 

He rmier (36) found peptides with molecular weights between 

1000-2500 daltons to be stimulatory to Streptococcus 

thermophilus. When the most stimulatory fraction was 

analyzed, it was found to contain 14 pure peptides of 

various molecular weights. The average molecular weight 

was 1500 daltons (about 12 amino acid residues). 

Lawrence et al. (86) observed that some step of 

lactic culture metabolism in milk with no added protein 

hydrolysates is growth limiting since cell growth rate was 

increased when protein hydrolysates were added. Law et 

al. (83) observed that greater lactic culture growth 

occurs in whey supplemented with soy peptone than that 

which occurs in whey supplemented with papain-digested 

milk peptides. The soy peptone was found to contain 

smaller peptides (average number of amino acid residues 

was between 3 and 4 residues) than the papain milk digest 

( 7 residues was average). 
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Yeast and Whey Protein as Nutrient Sources 

Yeast Products 

Preliminary Observations. Yeast products have been 

shown to be growth stimulants for lactic cultures (29, 73, 

91, 145, 146). They have been incorporated into pH 

controlled milk-based media for the propagation of 

concentrated cultures (92) and have been included in 

non-pH controlled phage inhibitory media (101). 

Cox and MacBean (29) have found yeast products to be 

more stimulatory than corn steep liquor. Smith et al. 

(146) found 1% yeast extract in milk to give about the 

same amount of stimulation as did 1 % tryptic digest of 

casein. Keen (73) observed a 40% increase in specific 

growth rate of lactic cultures when 1% yeast extract was 

added to skimmilk. In another article, Keen (72) observed 

that a yeast product eliminated the inhibitory effect of 

hydrogen peroxide produced when the growth medium 

containing the lactic culture was stirred. Lloyd and Pont 

(91) found that a yeast product was stimulatory in 

milk-based medium up to 1% level. 

Definition and Composition .2..f Yeast Products. The 

term yeast products refers to autolysed yeast or autolysed 

yeast extract. Autolysed yeast contains products from 

hydrolytic activity of enzymes of edible yeast. These 
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products primarily include amino acids, peptides, 

polypeptides, vitamins and nucleic acids (122). Autolysed 

yeast contains the yeast cell walls whereas autolysed 

yeast extract does not (122). Table 1 lists the 

composition of a commercial autolysed yeast extract 

product (Amberex 1003, Amber Laboratories, Juneau, WI). 

Amberex 1003 is an extract from Saccharomyces uvarum 

(Personal communication, Gerald Reed, Amber Laboratories, 

1983). 

Composition analysis of Kluyveromyces fragilis has 

also been conducted. Bednarski et al. (13) gave the 

following analysis: dry matter 94.8%; total nitrogen, 

5.9 %; total protein, 37 . 1%; ash, 12.1%. Martini et al. 

( 9 ) ) reported a total nitrogen of 9.9%; crude protein, 

56.2%; and true protein 47%. They also reported the 

following amino acid ccmposition (g/lOOg): ILE, 5.2; LEU, 

3. 8, LYS, 1. 8; PHE, 2. 4; TYR, 1. 7; THR, 2. 5; TRP, 0. 7; 

VAL, 3.0; CYS, 0.9 ; MET, 0.5; ASP, 4.4; SER, 2.2; GLU, 

4.9; GLY, 2.3; ALA, 3.1; PRO, 1.5; HIS, 0.9; ARG, 2.4. 

Wasserman (168) reported the vitamin content of K. 

fragilis (ug/g) as follows: thiamine, 24.1; pyridoxine, 

13.6; riboflavine, 36.0; niacin, 280.0; folic acid, 5.8; 

pantothenate 67.2; biotin, 2.0; choline, 6,760. 

Nutrients .Qi Yeast Products. The stimulatory 

properties of yeast products on lactic cultures have been 
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Table 1. Composition of a commercial autolysed yeast 
extract product, Amberex 1003 (Amber Laboratories, Juneau, 
WI ). Amberex 1003 is a yeast extract from Saccharomyces 
uvarum. (Personal communication, Gerald Reed, Amber 
Laboratories, 1983). 

----------------------------------------------------------
TYPICAL ANALYSIS: 

% Total Nitrogen 
Protein (N*6.25) 
% Moisture 

VITAMINS: 

8.0 
50.0 
3.0 

Thiamine 
Riboflavine 
Niacin 
Pyridoxine 

50 ug/g 
35 

550 
25 

AMINO ACIDS: (Protein Base) 

Arginine 3.9 % 
Lysine 6.3 
Tryptophan 1. 0 
Methionine 2 • 1 
Cystine 0.8 
Histidine 2.4 
Tyrosine 4.0 

% Ash 9.7 
% Cl as NaCl 2.5 

Pantothenate 
Choline 
Biotin 
Inositol 

Phenylalanine 
Threonine 
Leucine 
Isoleucine 
Valine 
Glutamic Acid 
Glycine 

100 
2000 

2 
3000 

4.2 
3.4 
6.3 
4.4 
4.2 
8.8 
5.3 

ug/g 

% 

----------------------------------------------------------



investigated. Smith (145) concluded that the stimulatory 

·component(s) is not a vitamin and that it can not be 

replaced with a combination of 23 amino acids. Ile found 

that the stimulatory property of the yeast product is 

destroyed by heating it at 210 C under vacuum. Smith et 

al. (146) fractionated a yeast product and found the most 

stimulatory fraction to contain over 70 % of the total 

amino nitrogen present in the yeast product and was found 

to contain a wide variety of free amino acids and small 
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peptides. Purines and pyrimidine bases were also found to 

be stimulatory. These researchers concluded that the 

major stimulatory component of the yeast product are free 

amino acids while bases and inorganic constituents exert a 

smaller affect. Westhoff et al. (170) confirmed the 

superior stimulation of peptides and amino acids over 

organic bases when they reported that casein hydrolysate 

is much more stimulatory to slow lactic cultures th a n 

purines, pyrimidines or minerals. Cowman and Speck (26) 

observed that pancreas extract, comprised mainly of 

peptides and amino acids, is stimulatory to lactic 

cultures. Grant and Pramer (53) have shown a yeast 

product to contain substantial amounts of magnesium and 

iron which are stimulatory to lactic cultures. 

al. (146) isolated a yeast product fraction that 

decomposes hydrogen peroxide. 

So ith et 
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Whey Protein Hydrolysate 

Preliminary Observations. Protein hydrolysates have 

been shown to be stimulatory to lactic cultures (6, 26, 

36, 46, 75, 147, 148, 154, 177). Anderson et al. (7) 

found that as the peptide content of cow's milk increases 

so does the acid production of cultures inoculated into 

the milk. Anderson and Elliker (6) found that greater 

lactic culture stimulation results when cultures are grown 

in peptonized and tryptonized milk than results from any 

single amino acid or vitamin. Wright and Skeggs (177) 

also observed the stimulatory nature of trypsinized mi l k 

proteins. Lactalbumin hydrolysate is commercially 

available as a nutrient source in microbiological media 

(Difeo Laboratories, Detroit, MI and Sheffield Products, 

Norwich, NY). 

Amino Acid Content .2..f Whey Protein. Glass and 

Hedrick (51) reported the amino acid content (g/100 g 

protein) of whey protein to be as follows: LYS, 8.8; HIS, 

2.0; ARG, 2.6; TRP, 2.4; ASP, 10.2; THR, 6.8; SER, 5.3; 

GLU, 18.0; PRO, 6.9; GLY, 1.9; ALA, 4.6; CYS, 2.3; VAL, 

5.9; LEU, 10.3; TYR, 2.7; PHE, 3.5. 



Yeast and Whey Protein Products for 

Lactic Culture Nutrition 

Autolysed Yeast Products 

Choice of Lactose-fermenting Yeast. Much interest 
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has been shown in reducing whey biochemical oxygen demand 

while concurrently producing a utilizable product (4, 12, 

18, 44, 111, 127). Biochemical oxygen demand measures the 

amount of organic material present that could be oxidized 

by microorganisms. Por ges et al. (126) found K. fra3ilis 

to be more effective than Torula cremoris, Candida 

lipolitica, and Torulopsis utilis in converting lactose to 

biomass. In their survey, the K. fragilis strain took the 

whey biological oxygen demand from 1,050 ppm to 86 ppm 

after 48 hour incubation. Giec and Kosikowski (48) 

evaluated ~ fragilis, Kluyveromyces bulgaricus, 

Kluyveromyces lactis Bretanomy ce s anornalus and Candida 

blankii strains for biomass production from whey . They 

found !....:._ fragilis ATTC 8582 to produce the most bio~ass 

( 8 .4 g dry weight/l). Friend et al. (44) evaluated 5 

strains of !....:_ fragilis and found all 5 to take whey 

lactose from 5.1% to 0.1-0.2% in 48 hours. Orberg et al. 

(117) found that of seven strains of!....:_ fragilis, K. 

fragilis NRRL Y-610 produces an autolysate most 

stimulatory to lactic cultures. 

approved food yeast (24). 

K. fragilis is an 



Propagation Parameters for Kluyveromyces fragilis. 

Whey has been shown to be an acceptable medium for 

propagation of~ fragilis (12; 112, 160, 169) . 

Harvesting of ~ fragilis is facilitated by th e 

flocculating properties of the yeast. Hang and Woodhams 

(58) reported that 99 % of the yeast population sediments 

in sedentary medium after 1 hour. Wasse r man et al. (169) 

used a separator to harvest yeast in a pilot plant. 

Orberg et al. (117) obtained a yeast concentration of 

about 15 % by allowin g ~!. fragilis NRR l Y-610 to sediment 

for 1 h. 

Significant yield differences with K. fragilj__~ have 

been observed throu g h varying the growth parameters: 

lactose concentration, dissolved oxygen concentration, 

temperature, pH, and added growth factors. 

time is affected by inoculum size. 

Propagation 

Lactose concentration. Horesi et al. (107) fou n d 

that lactose concentration has a marked affect on biomass 

yield. Giec and Kosik owski (48) evaluated lactose 

17 

utilization rates in whey permeates and found that lactose 

utilization is most efficient at an initial lactose 

concentration of 4 % and dramatically decreases at initial 

concentrations above 15 %. With aeration, significantly 

higher yields of biomass is achieved in 12 % lactose whey 

permeate than in 5 % lactose whey permeate. The hi ghe r 
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lactose concentration yielded 27.5 g dry yeast/mL. 

Castillo et al. (20) propagated~ fragilis in 2% whey 

permeate and obtained a yield of 3.7 g dry yeast/l. 

Amundson (4) reported a yield of 16 g dry yeast/l when he 

propagated ~ fragilis in whey of 5% lactose 

concentration. Nour El-Dien et al. (111) obtained a yield 

of 7 g dry yeast/l in 2% lactose whey. De San chez and 

Costillo (35) reported a yield of 5 g dry yeast/l from 2% 

lactose whey. 

In continuous propagation of ~ fragilis, Vananuvat 

and Kinsella (159) found a whey lactose concentration of 

2% to be optimal. No ur El-Dien et al. (111) found that a 

2% whey lactose concentration effects the fastest growth 

rate from~ fragilis. Moresi and Sebastiani (108) found 

2.5% whey lactose to achieve optimal biomass yield of !..:._ 

fragilis propagated in a reciprocating Erlenmeyer flask. 

Yeast yield has also been reported as g dry yeast/g 

lactose. Reported yields include 62% (160), 35 % (4), 23 % 

(48), 48% (127), 38% (35) and 40% (20). Wa sserman et al. 

(169) reported a yield of 55 % in the laboratory and 42 % in 

a pilot plant. 

Dissolved oxygen. Vananuvat and Kinsella (160) 

reported that yeast yields increase as medium agitation 

increase. Wasserman (166) found that peak oxygen demand 

of actively growing ~ fragilis to be 5 mM/ l/min. Knight 



et al. (76) reported no significant increase in yeast 

levels when air volume increased above 1 volume/min. 

However, Giec and Kosikowski (48) found that yeast 

concentrations increase about 150% when air sparging goes 

from 1 volume/min to 4 volume/min. 
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Temperature. Jones et al. (54) reported that optimum 

growth temperatures for mesophilic strains of the 

Saccharomyces genus (closely related to !..=._ fragilis) to be 

between 28 C and 35 C. Knight et al. (76) observed 

highest yeast growth at 40 C. Penman and Duffus ( 121) 

observed the shortest generation time (90 min) in K. 

fragilis to occur at 30 C. Moresi and Sebastiani (108) 

found 36 C to be optimal for !..=._ fragilis propagation in 

whey . 

..2.!:!.· De Sanchez and Castillo (35) reported that K. 

fragilis can grow over a wide pH range but that 

significantly superior yeast production and lactose 

utilization was achieved at an initial pH of 5.0. Whey 

with an initial pH of 5.0 produces 155%, 125% and 120% 

more yeast than that produced in whey with initia l pH of 

3.5, 4.0, and 4.5, respectively. When whey pH is 

maintained throughout the propagation, wh ey at pH 5.0 

produces 316%, 37% and 2% more yeast than that produced in 

whey with maintained pHs of 3.5, 4.0, and 4.5, 

respectively. De Sanchez and Castillo (35) noted that 
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whey pH would usually increase and then fall to lower than 

initial pH by the end of the propagation period. These 

authors reported that initial utilization of lactic acid 

followed by ammonia assimilation (from added ammonium 

sulphate) is the reason for these pH changes. Th ey 

observed no advantage for maintenance of whey pH at 5.0 . 

Amundson (4) decreased the initial whey pH to 3.5 in his 

propagation procedure for~ fragilis. Knight et al. (76) 

found there is little difference in final optical density 

in samples of ~ fragilis propagated at pH 4 . 0 , 4. 5 , 5 .0, 

or 6.0. Moresi and Sebastiani (108) found pH 5.1 to be 

optimal for propagation of~ fraJ;ilis in whey. 

Added growth factors. Whey was shown to be a better 

medium for K. fragilis propagation than a mineral medium 

consisting of 0.01 % magnesium sulfate, 0 .014 % 

monopotassium phosphate, 0.08% disodium phosphate, 0 .1 % 

sodium chloride, 0.4% diammonium sulfate and 2% lactose 

( 1 1 2 ) • When yeast extract was added to the above mineral 

medium, ~ fragilis grow th is better than that in whey. 

Wasserman et al. (164) found a 45 % increase in K. fragilis 

biomass yield when 0.1 % yeast extract is added to the 

whey. Nour El-Dien and Halasz (113) compared growth of K. 

fragilis in whey (2 % lactose) to g rowth in whey (2 % 

lactose) plus 0.5 % yeast extract and found a 32 % decrease 



21 

in generation time and a 55% increase in net dry weight in 

the whey supplemented with yeast extract. 

Jones et al. (54) reported that ~ cereviseae takes 

up peptides, amino acids, purines and pyrimidines which 

have been shown to increase yeast yields. Inositol and 

biotin were also cited as being required by many yeasts 

for growth. 

~ fragilis apparently does not utilize whey protein 

as a nitrogen source . Wasserman (167) found that K. 

fragilis utilizes 25 % of the whey nitrogen wh e n propagated 

in whey but that none of this was whey protein nitrogen. 

K. fragilis can utilize ammonium compounds as a n i trogen 

source. Nour El-Dien et al. (111) observed an incre a se in 

specific growth rate (0.346/h vs 0.325/h) and in yeast dry 

weight (7g/l vs 5g/l) when !_:._ fragilis is propagated in 

whey (2% lactose) plus 0.5% diammonium sulfate and 0.5% 

dipotassium phosphate than when propagated in whey alone. 

Wasserman (165) observed a 65% increase in net yield when 

~ fragilis is propagated in whey supplemented with 0.5% 

diammonium sulphate as opposed to propagation in whey 

alone. Castillo et al. (20) found a 47% yield increase 

when K. fragilis is propagated in whey (2% lactose), 0.1% 

yeast extract, and 0.1% inorganic ammonium salts than when 

it is propagated in the same medium without ammonium 

salts. These researchers found ammonium sulphate to be 

the best nitrogen salt to use. Moresi and Sebastiani 
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(108) found the optimal concentration of yeast extract and 

nitrogen salts (1:1 ammonium suplate, dipotassium 

phosphate) for~ fragilis propagation in whey to be 0.11% 

and 0.47 %, respectively. Amber Laboratories, a principal 

U. S. yeast manufacturer, adds phosphoric acid, yeast 

extract and ammonia gas to whey for yeast propagation 

( 34). 

Inoculum size. Wasserman et al. (164) found that 

final yeast concentration is essentially the same but that 

time for lactose utilization (4% lactose) decrease s from 6 

to 3 h when initial yeast concentration goes from 3xl08 to 

2xl0 9 /ml. Moresi et al. (107) observed that with initial 

cell concentration between 0.2xl0 6 and 3.3xl08 /ml, whey 

stationary phase is achieved between 24 and 5 h 

respectively. They confirmed the observation of Wasserman 

et al. (169) that biomass is independent of inoculum size. 

General Anatomy and Physiology .2..f ~ Yeast Cell. The 

processes involved in yeast autolysis are better 

understood when yeast cell anatomy is considered. Yeast 

hydrolytic enzymes are the primary vehicles responsible 

for yeast autolysis (3, 61, 96, 142). Shetty and Kinsella 

(142) reported that around 40 % of yeast proteins are 

hydrolyzed after 5 h incubation at 55 C. Extract of 

autolysed yeast was found to contain twice the amount of 

protein and seven times the amount of amino acids than 
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extract of fresh yeast (10). Ahearn et al. (3) found that 

~ fragilis has caseolytic activity. Chang et al. (21) 

reported no proteolytic activity on casein in supernatant 

of milk where ~ fragilis was grown but that autolysed 

yeasts have caseolytic activity. Matite and Wienken (96) 

determined yeast vacuoles to be where yeast lytic enzymes 

are located. They were able to distinguish those enzymes 

secreted for nutrient metabolization from those enzymes 

released for cell digestion. These researchers also 

observed these autolyzing enzymes a r e released only as the 

cell approaches death phase. Holzer et al. (65) reported 

that yeast intracellular proteolytic enzymes are required 

for protein turnover which adapts the microorganism to new 

environmental conditions by providing essential amino 

acids by degrading pre-existing ones. They confirmed that 

these enzymes are contained in membrane-bound compartments 

or vacuoles. 

Proteolytic enzymes have been found in yeasts (1, 61, 

69, 88, 94, 174, 176). Lenney (88) isolated two distinct 

proteolytic enzymes in S. cerevisiae which are liberated 

during autolysis. One of these enzymes, proteinase A, had 

an optimum pH of 3.7; the other enzyme, proteinase B, had 

an optimum pH of 6.2. Maddox and Hough (69, 94) isolated 

4 proteolytic enzymes, A, B, C, and D, from~ 

carlsbergenesis all with a maximum pH stability of 

6.0-6.5. Optimum pH for activity was 7.5, 6.2, 3.5 and 
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optimum temperature for activity was 35, 50, 50, and 60 C 

for the proteolytic enzymes A, B, C, and D, respectively. 

Enzyme A was found to be the most abundant in this group. 

The products of proteolytic enzyme A are amino acids and 

low molecular weight peptides. Enzymes B, C, and D 

produce peptides with molecular weight greater than 5,000. 

Hough and Maddox (69) speculate that enzyme A acts on the 

products of enzymes B, C, and D. Wolf (174) reported 7 

proteolytic enzymes in S. cerevisiae. Of these, 2 were 

endoproteinases, 2 were carboxypeptidases, 3 were amino 

peptidases and one was a dipeptidase. Woods and Kinsella 

(176) investigated_§_._ carlsbergensis as a potential source 

of proteolytic enzymes. They isolated a protease which 

had a pH optima for casein of 3.0 and 6.8. Proteolytic 

activity was substantially higher at pH 3 than pH 6.8, 

however. The enzyme was more stable at 45 C than 55 C. 

Kominami et al. (79) determined proteinase B of S. 

cerevisiae to have no aminopeptide activity but to have 

proteolytic activity on trypsin substrates. 

Kinsella and Shetty (74) reported that yeast cell 

walls contain 30-40% mannans, 30-60% glucans, 5-10% 

proteins and 1% chitin. The cell wall remains intact 

during autolysis (162). 

Production Parameters for Autolysed Yeast Products. 

Peppler (122, 123) reported detailed procedures for 
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obtaining autolysed yeast products. Autolysis is induced 

by heat alone or by heat with added sodium chloride or 

ethyl acetate. Endogenous yeast lytic enzymes are 

subsequently activated and digest the cell thereby freeing 

amino acids, peptides, vitamins, and nucleic acids into 

the supernatant. Yeast autolysis is induced by slowly 

heating yeasts to 50 C and then allowing them to remain 

around 45 C for 12 to 24 h until the desirable 

concentration of soluble nitrogen is achieved. Peppler 

(122) reported that around 48 % of the yeast cell 

components are recovered as autolysed yeast extract. 

Mechanical (105, 143, 158) and enzymic (77) 

disruption of yeast cell walls yields more protein than 

autolysis alone. A yeast protein product can also be 

produced with acid hydrolysis wherein yeast is heated at 

100 C in hydrochloric acid. More yeast protein is 

recovered in an acid hydrolysate than in an autolysate 

( 1 0 ) • Amino acid content, however, is lower with acid 

hydrolysis than with autolysis. 

Vosti and Joslyn have done extensive research on 

conditions for yeast autolysis (55, 56, 162, 163). The 

major points of their articles are now given. 

1. Hore soluble nitrogen was observed in the 

supernatant when the incubation temperature is 45 C than 

when it is 55 C. 



2. Cell density has no affect on degree of 

autolysis. 

3. Aerobically grown yeast were found to autolyze 

more easily than anaerobically grown yeast. 
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4. Autolysis is markedly greater when the yeast is 

propagated in a medium deviating from optimum growth pH. 

5. Observed phases of autolysis include an 8 h 

latent period, a 16 h product release period followed by a 

period of little change in product level up to 24 h. 

6. Proteases, peptidases, amino acids, polypeptides, 

peptides, purines, pyrimidines and vitamins are among 

yeast autolysis products. 

7. No observable yeast cell wall fractionation 

occurs during autolysis. 

8. Toluene, chloroform, and ethyl acetate appear to 

retard protein hydrolysis during autolysis. 

9. Amount of extracellular nitrogen is significantly 

influenced by the autolysate medium pH. pH optima for a 

24 h autolysis in 0.5 M citrate at 45 C is 4.0 for C. 

lipolytica and a Spanish sherry yeast, 5.0 for S. 

carlsbergensis, and 4.5 for S. cerevisiae. 

10. There is no difference in degree of autolysis in 

S. cerevisiae autolysed in 0.5 M citrate or 0.5 M 

phosphate. However, there is more autolyzate products 

produced in 0.1 M citrate than 0.5 M citrate. 



11. Autolysis yields are greater with~ 

carlsbergensis than with ~ cerevisiae, a Spanish sherry 

yeast or ~ lipolytica. 

12. Permeability of yeast cell wall largely 

determines the degree of protein and enzyme 

extractability. 

Hough and Maddox (69) observed that proteolytic 

activity of yeast grown in absence of growth medium 

protein in substantially less than the proteolytic 

activity of yeast propagated in media containing even 

small amounts of protein such as in Brewer's wort. 
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Orberg et al. (117) found optimum autolysis 

conditions of !...:._ fragilis NRRL Y-610 after 12 h incubation 

without agitation to be 55 C and initial pH of 5.5. They 

obtained a yeast autolysate comparable in lactic culture 

stimulation to a commercial yeast extract. 

Skupin et al. (144) found that spray drying doesn't 

affect biological value of vitamins and proteins of 

bacterial-yeast biomass. 

Quantitative Measurement Q.f Autolysate Product. 

Formal titration has been used to determine protein levels 

(7, 135), as well as degree of autolysis (12, 110). Vosti 

and Joslyn (162) did not use formal titration to measure 

protein content because of the buffering capacity of the 

autolysate medium; but rather used the napththaquinone 
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method of Frame et al. (43). Since extracellular nucleic 

acid concentration increases during autolysis (56, 69) and 

A260 is linear with nucleic acid content (37), 

ultra-violet spectrophotometry at 260 nm can be employed 

to monitor nucleic acid concentration. 

~ Protein Hydrolysate 

Isolation .2..f Whey Protein. Whey protein can be 

concentrated on an industrial scale by either 

precipitation and collection (usually by decantation or 

centrifugation) or by ultra-filtration (52 , 134). Had ler 

and Harwalkar ( 104) reported whey protein ultra-filtration 

procedures. Typical ingredient composition of 

ultra-filtered, dried whey (whey protein concentrate) 

includes 30-70% protein, 20-55% lactose, 3 - 5 % minerals a nd 

4-5 % fat (33). 

Hydrolysis .2..f Whey Protein. Whey proteins are 

cleavable by pepsin, trypsin, papain ( 8 ), Bacillus 

subtilis protease (106), and Pronasetm (protease from 

St reptomyces griseus, Cal Biochem) (81). Undoubtedly many 

other proteolytic enzymes would also be effective. 

Pronasetm was shown to be about 2.5 times as proteolytic 

as pepsin (81). Trypsin was shown to cleave only 8% of 

whey protein peptide bonds (57). Through proteases and 

peptidases lactalbumin is hydrolyzed to 40 : amino acids 
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and 60% di, tripeptides (Personal communication, technic al 

representative, Sheffield Products, Kraft Inc., 1983). 

Hough and Maddox (69) found that proteolysis occurs 

outside the yeast cell during hydrol ysis. 

Nutritional Evaluation of Yeast 

and Whey Protein Products 

Lactic culture concentration after propagation in a 

growth medium is the basis fo r evaluation of the growth 

medium. Specifically, the nutrient characteristics of a 

product added to a base medium is evaluated by the 

increased (or decreased) final bacterial concentration. 

rl ea sure men t ..2.f. Ce 1 J. Pop u 1 at ions 
in Growth Medium 

Milk has long been the most popular medium for lactic 

culture propagation. Milk , however, is poorly buffered 

compared to buffered media and cannot produce the cell 

concentration that buffered medium can (82, 173). Methods 

to estimate the growth of lactic cultures in milk and 

other growth media in clude cell dry weight measurements 

(25, 63, 71), plate counts (124, 140, 150), optical 

density measurements (25, 71, 124, 155, 157), and activity 

tests (6, 14, 62, 68, 157). Activity tests do not 

directly measure growth medium final cell concentration 

unless growth and acid production are coupled; but rather 

gi ve an indication of concentration by the amount of 



lactic acid produced by inoculurn in milk under spcified 

temperature and time incubation conditions. 
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Buffered Lactic Culture Growth Medium. The 

growth-inhibitory properties of accumulating lactic acid 

during lactic culture growth in unbuffered media prevents 

accurate appraisal of an added stimulant since low pH 

stops culture growth before stimulant depletion occurs. 

The deleterious effect of reduced medium pH on lactic 

culture growth is well attested. Harvey (60) found that 

lactic culture growth is inhibited in medium below pi! S 

and that there is a direct relationship between len g th of 

storage of lactic cultures in medium below pH 5 and the 

length of their lag phase when incubated in medium of pH 

6. 0. Harvey (60) also noticed a reduction in some enzyme 

activities at pHs below 5.0. Wilkowski and Fouts (171) 

found that in continuous cultivation of lactic cultures, 

the growth rate is reduced if the pH falls below 5.3. 

Wright and Richardson (178) fo und that lactic cultures 

propagated in pH controlled nonfat dry milk (7 % solids) 

have 125% grea ter activity than they have with no pl! 

control in nonfat dry milk. Pe ttersson (124) found that 

pH controlled milk produces about 3 times the population 

produced by unneutralized milk. Other researchers have 

observed similar results (11, 14, 15, 25, 38, 49, 137, 

150). 
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Various bases have been added as buffering compounds 

to lactic culture growth medium. Ammonium hydroxide has 

generally been more effective as a neutralizing agent than 

has sodium hydroxide (38, 49). Stadhouders et al. (150) 

found calcium hydroxide better than ammonium hydroxide in 

neutralizing viable cultures for preservation. 

Several internal pH controlled media have been shown 

to be successful in propagating greater densities of 

lactic cultures than are possible in unbuffered media. 

Thomas and Turner (155) were able to achieve 50 % greater 

cell population in milk with .0075 M ~-glycerol phosphate 

than in milk alone. Heap and Lawrence (62) reported 

similar results. Lamprech and Foster (82) attained 10 

times the lactic culture concentration in a medium 

containing 2.0% magnesium phosphate than that attained in 

unbuffered milk. Magnesium phosphate is insoluble in the 

medium initially but solubulizes as acid is produced. 

These researchers further reported that the amounts of 

so luble phosphates necessary in the growt h medium to 

maintain the pH above 5.0 during incubation were 

inhibitory. Sandine et al. (138) reported an internal pH 

controlled medium that produced cell densities comparable 

to external pH controlled whey-based medium. This medium 

is commercialized as PHASE IV. Birlison and Stan ley (17) 

in a field report said PHASE IV performs better than 

mi lk for culture propagation and that only a small portion 
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of lactic cultures did not g row better in PHASE IV medium 

than in milk. 

The contents of P !-:! ASE IV was reported by ~I er me 1st e in 

(99) to be sweet whey, autolysed yeast, phosphate and 

citrate buffers. The patent for PHASE IV lists the 

sug gested contents of the formulation reported by Sandine 

and Ayres (139) to include 1.5% magnesium phosphate 

(tribasic), 1.5% diammonium phosphate, 1.5% trisodium 

citrate dihydrate, 3.5% sweet whe y powder and 0.5 % yeas t 

ext ract . Apparently a 1.5% diammonim phosphate 

concentration in a lactic culture g rowth medium is not too 

high to be inhibitory. Zottola and Marth (180) were able 

to propagate all the la c tic cultures they inoculated in to 

a medium containin g 2% 1:1 mono-diammonium phosph a te. 

Ph osphate salts have successfully been incorporated 

into agar plates for buffered enumeration of lactic 

cultures. Barach (11) improved the enumeration of l act ic 

cultures on Elliker a ga r plates when he replaced disodiurn 

phosphate with diammonium phosphate. Terzaghi and Sand ine 

(152) developed an effective agar medium for the 

enumeration of lactic cultures by incorporating 

~-glycerol phosphate in a medium termed Ml7. Limsowtin 

and Terzaghi ( 89 ) stated that ~ - gly cerol phosphate is a 

better bufferin g compound than inorganic phosphates 

because it does not induce precipitate formation of 
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calcium and growth inhibition at higher concentrations as 

the inorganic phosphates do. 

Direct Measurement of Medium Cell Concentration. 

Milk has long been a difficult medium to estimate lactic 

culture populations by optical density measurements . Hogg 

and Jago (64) stated that optical density measurements can 

not be taken in milk because of its opacity and presence 

of acid coagulum. Kanasaki et al. (71) , however, 

developed a method using 0.2% EDTA, pH-adjusted to 12. 2 , 

to solubulize casein so that optical density measurements 

could be taken. Hong (66) found precipitates occurin g in 

whey medium which interfered with accurate optical density 

measurements of lactic culture concentrations in pH 

controlled whey-based medium. Modifications on the 

Ka nasaki method for optical density measurement as 

suggested by Thomas was reported by Richardson et al. (133). 

Milk Activity Tests. Activity tests have been 

extensively used to evaluate acid producing capability of 

lactic cultures (14, 62, 68). Pearce (119) developed an 

activity test that closely resembles cheese making 

conditions. Heap and Lawrence (62) emphasized the 

importance of strict temperature control and the use of 

nonfat dry milk in order to maintain uniform results. 

They concluded that any one sta r ter does not produce the 

same activity test results from day to day even when the 
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procedure is well regulated. Wolk and Tittsler (17 5 ) also 

emphasized the importance of temperature control in cheese 

makin g . Heap and Lawrence (62) used pasteurized 

reconstituted nonfat dry milk (in boilin g water for 10 

min) for activity tests after they observed amino acids 

bein g released due to autoclaving the milk. 

(22) observed similar results. 

Citti et al. 
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MATERIALS AND METHODS 

Cultures 

Lactic Cultures 

Strains of Streptococcus lactis and Streptococcus 

cremoris were obtained from the Utah State University 

culture bank. These cultures were isolated in 1980 at 

Utah State University by Howard Heap and Gene Hong (131). 

Lactic cultures were maintained in frozen stora ge 

(-40 C) in sterilized reconstituted nonfat dry milk until 

use. Prior to frozen storage, 0.1 mL of milk coagulated 

with the lactic strain was inoculated into 10 mL of 

sterilized nonfat dry milk and incubated at 27 C for 3 h. 

At this time the strain had achieved log phase and was put 

into a freezer at -40 C. A frozen culture was 

re-activated by removing the test tube of culture from the 

freezer and incubating it in a 27 C wa ter bath until 

coagulation (usually 7 h). A 0.1 mL aliquot of this milk 

was then inoculated into 10 mL of sterilized reconstituted 

nonfat dry milk and incubated at 27 C until coagulation. 

Other lactic culture media were then inoculated from this 

medium. 

The Prt- lactic strains were isolated from parent 

strains using the buffered milk agar plate method of 

Limsowtin and Terzahgi (39). A lactic strain was plated 

on to milk agar plates and incubated at 30 C until lar ge 
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small colonies developed. Small colonies were picked off 

and inoculated into 10 mL sterilized RNDM and incubated at 

22 C. Those isolates requiring more than 2 days to 

coagulate the milk were identified as Prt- (102). 

Isolates from the milk agar plate that were able to 

coagulate the RNDM within 2 days were identified as Prt+. 

The Prt- lactic strains used in this research project 

were: S. lactis UL21, UL7, UL21A, UL18, UL33, UL8; S. 

cremoris UC91, UC63, UC85, UC169, UC320, UC310, UC161, 

UC318, UC171, UC73, UC77, UC45, and UC97 . Prt+ strains 

used were S. lactis UL7 and S. cremoris UC171. Prt+ 

lactic strains were maintained in 10% reconstituted nonfat 

dry milk and Prt- lactic strains were maintained in 10% 

reconstituted nonfat dry milk with 0.5 (wt/vol) yeast 

autolyzate (Amberex 1003, Amber Laboratories, Juneau, WI). 

Yeast Cultures 

One strain of Kluyveromyces fragilis was obtained 

from Utah State University microbiology department. K. 

fragilis strains ATCC-8582 and ATCC-12424 were obtained 

from the American Type Culture Collection (Professional 

Services Department, 12301 Parklawn Drive, Rockville, MD). 

K. fragilis strains were maintained on refrigerated 

lactose agar slants. 
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Enzymes 

Pepsin; 1: 1200- 2000 units/mg protein (Sigma Chemical 

Co . , St. Louis, MO); and HT-Proteolytictm (a fungal 

protease), (Enzyme Products Division, Miles Laboratories, 

Inc. , Elkhart, IN) were used to hydrolyze whey protein. 

Reconstituted Nonfat 121:.r. 
Milk Medium 

Media 

Reconstituted nonfat dry milk medium ( RNDM) consisted 

of low heat, spray processed pasteurized nonfat dry milk ( 

We stern General Dairies, Inc., Ogden, UT) reconstituted t o 

10 % solids (10 g /90 mL deionized water ) , a utom a tica lly 

dispensed (Digital Dispensing Pump, Dynatech Laboratories, 

Inc., Alexandria, VA) into 10 mL aliquots into 1 6 xl 50 mm 

test tubes and autoclaved at 15 psi for 15 min. 

RNDM was also used for activity tests. The RND ~ l for 

activity tests, however, was not autoclaved but was 

pasteurized by putting the RNDM-filled test tubes into 

boilin g water until RNDM reached 75 C . 

.£.!:!. Controlled Whey-Based Medium 

pH controlled whey-based medium (WB) was composed of 

5.0 % (wt/vol) spray process pasteurized dry whey ( Hulli 3a n 

Sales, Inc ., City Ind u stry, CA) , 0.375 % mon o sodium 

phosphate , 0.375% disodi u m phosphate (Stauffer Chem Co.) , 
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0 .4 % yeast extract (Amberex 1003, Amber Laboratories, 

Juneau, WI) and 0.1% casein hydrolysate (N-Z Amine Type E, 

Sheffield Products, 19 83). N-Z Amine Type Egel 

electrophoretic analysis showed 23% of the product had 

molecular weight between 100-200 daltons; 55% was between 

200 -500 daltons and 22% was above 500 daltons (Personal 

communication, Technical Salesman, Sheffield Products, 

1983). WB was reconstituted with deionized water and 

heat-treated 90 C for 40 min by immersing the container of 

WB into boiling water for 45 min. 

Lactic Culture Buffered Growth 
Medium 

Lactic culture buffered growth (LA BGRO ) medium was 

developed in order to better evaluate yeast and whey 

protein stimulant products. LABGRO base medium consisted 

of 0.7 % (wt/vol) monosodium phosphate (A.C.S. certified, 

Fisher Scientific Col, Fair Lawn, NJ) , 0 . 85% monoammoniurn 

phosphate (A.C.S. reagent, Matheson, Coleman, and Bell , 

Norwood, OH), 0.3% trisodium citrate (Pfizer, Chas. Pfizer 

and Co., Inc., New York, NY), 0.55 % diammonium citrate 

(reage nt g rade, J. T. Baker Chemical Co., Phillipsbur g , 

NJ), 1.0% magnesium hydroxide (laboratory grade, Fisher 

Scientific Co., Fair Lawn, NJ ), 3.6 % whey permeate solids 

(Hi-Land Dairy, Murray, UT). Deionized water was used to 

reconstitute the medium. Yeast and/or whey protein 

products were added to this base medium at 0.5 %. 
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Ml7 Agar 

Ml7 agar (152) was prepared in 2 L amounts by adding 

10 g lactose (analytical reagent grade, Mallinckrodt Inc., 

St. Louis, MO) and 100 mL deionzed water to a 150 mL 

Erlenmeyer flask. Ten grams of Bacto-Peptone (Difeo 

Laboratories, Detroit, MI), 10 g Phytone Peptone (BBL, 

Becton, Dickinson and Co., Cockeysville, MD), 8.4 g beef 

extract (Difeo Laboratories, Detroit, MI), 5 g yeast 

autolyzate (AYS, Busch Industrial Prod. Corp., St. Louis, 

MO), 1 g ascorbic acid (Eastman Kodak Co., St. Louis, 

MO), 38 g disodium beta-glycerol phosphate (grade II, 

Sigma Chemical Co., St. Louis, MO), and 20 g agar (100 

mesh, Sargent-Welch Scientific Co., Skokie IL). Nineteen 

hundred milliters of deionized water was added and the 

contents stirred. In another 150 mL Erlenmeyer flask, 1 M 

calcium chloride was made up. The contents of these three 

flasks were autoclaved at 121 C for 15 min. Twenty 

milliliters of 1 M calcium chloride was then added to the 

lactose solution. The lactose solution was then poured 

into the agar medium. Fifteen milliter aliquots of liquid 

Ml7 agar were dispensed via sterile pump tubing with a 

dispensing pump (Digital Dispensing Pump, Dynatech 

Laboratories Inc., Alexandria, VA) into sterile disposable 

petri dishes (lOxl.5 cm, Fisher Scientific Company, 

Pittsburg, PA). 



Buffered Milk ~ 

Milk agar (89) consisted of autoclaved 8.9 % ( % 

wt/vol) nonfat dry milk, 1.7 % disodium 

~ -glycerophosphate and 0.7% agar. 

Lactose Agar 

Lactose agar slants (19) contained 2.5% ( wt/vol) 

a g ar, 2.0 % lactose, 1.0% peptone, 0.1 % yeast extract. 

Lactose agar medium was autoclaved 15 min at 15 psi. 

Yeast Subculture Medium 

Yeast subculture medium (19) consisted of 2. 0% 

lactose, 1.0 % peptone, and 0.1 % yeast extract. Yeast 

subculture medium was autoclaved 15 min at 15 psi. 

Yeast Whey Permeate Medium 

Whey permeate medium (18, 48) consisted of 15 % whey 

permeate, 0.5 % dipotassium phosphate, 0.5 % diammonium 
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sulfate and 0.1 % yeast extract. pH adjustments were made 

with phosphoric acid and ammonium hydroxide. Five percent 

whey solids whey permeate medium was also used. 

Culture Propagation 

Lactic culture propagation was initiated by 

incubating at 27 C both Prt- and Prt+ strains in 

sterilized RNDM until coagulation occurred. From this 
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fermented RNDM, pH controlled whey-based medium and lactic 

culture buffered growth medium were inoculated. 

Yeast propagation was initiated by incubating the 

strains in yeast subculture medium with agitation for 16 h 

at 27 C. From this medium, yeast whey permeate medium was 

inoculated. 

In .Q.!! Controlled Whey-Based Medium 

A batch laboratory pH controlling fermentor similar 

to the one used by Richardson and Pearce (132) was used 

for pH controlled whey-based fermentations. A recording 

pH converter (Great Lakes Instruments, Milwaukee, WI) was 

used. An Ingold pH electrode (cat. no. 465, 120 mm 

combination electrode, steam sterilizable, Ingold 

Electrodes Inc., Andover, MA) was steam sterilized in 

place along with the lid and medium container holder. The 

container with 1 L heat-treated (40 min 90 C) whey-based 

medium was put into the holder and covered with the metal 

lid holding the electrode. The lactic strain was 

inoculated, generally 1% inoculum, when the medium 

temperature had reached 27 C. Water was maintained at the 

appropriate temperature by a water bath (Magni Whirl 

constant temperature bath, Blue M Electric Company, Blue 

Island, IL) and pumped into copper tubing, which encircled 

the whey-based medium container, by a water pump (model 

9M818, Dayton Electric Manufacturing Co., Chicago, IL). 
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WB medium temperature was maintained at 27 C . Durin g the 

course of fermentation, ammonium hydroxide of known 

normality was pumped into the WB medium by a pump (Buchler 

Duostatic Pump, Buchler Instruments, Ft. Lee, NJ) to 

maintain the pH between 6.1 and 6.3. Weight of injected 

ammonium hydroxide was recorded. 

In Lactic Culture Buffered Gr owth 
Me dium 

The buffering system of lactic culture buffered 

grow th medium contained an insoluble com pound at 

inoculating pH. It was therfore necessary to dispense 

LABGRO medium with the use of an automatic dispenser 

(Digital Dispensing Pump, Dynatech Laboratories I nc., 

Alexandria , VA) while the medium was continuously stirred. 

Fiftee n mL aliquots were thereby dispensed into 25 mL 

Erlenmey e r flasks. Each flask contained a 3.2 by 12.7 mm 

stirring rod. The medium was heat-treated by immersing 

the Erle nmeyer flasks into boiling water for 45 min or by 

immersing the flasks into 90 C water bath for 45 min . 

This latter procedure provided a more unifor m heat 

treatment for all the flasks. After heat treatment, the 

insoluble salts had become caked and were broken up by 

agitation with the stirring rod. Lactic cultures were 

inoculated into cooled (22 C) LABGRO medium in Erlenmeyer 

flasks. These flasks were inserted onto a shaker platform 

(Lab-line Junior Orbit Shaker, Lab-line Instruments Inc., 
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Melrose Park, IL). The shaker was set at 15 0 rpm. The 

shaker was located in an air incubator (Fisher Low 

Temperature Incubator, Gil Corp., Dayton, OH) set at 27 C. 

Cultures were incubated for 19 h. 

In Yeast Subculture Medium 

Two inoculating loopfuls of culture gr owin g on 

l ac tose a ga r slants were inoculated i nto a 150 mL 

Erlenmeyer flask containin g 7 0 mL lactose medium. The 

flask was inserted on a sha ker (Labline Junior Shaker, 

Labli ne Instruments Inc., Melr ose Par k , IL), sha k en at 350 

rpm while it was incubating a t 2 7 C fo r 16 h . 

In Ye a st 'A hev Permeate i iediu m 

Se vent y milliters of yeast-grown subculture medi um 

was adde d to 4 L of heat-treated (95 C for 30 min) (4 8 ) 

whey permeate medium which was either adjusted to pl! 4.5 

(117) with phosphoric acid or hydrochloric acid; or left 

unadjusted (pH 5.5). Yeast propagation was carried out in 

4 1 quantities in a Nicroferm bench top fermentor (mo del 

MF -107, New Brunswick Scientific Co. Inc., New Brunswick, 

NJ). Incubation temperature was 30 C (35, 48 , 121). 

Aeration rate was initially maintained at 2 volumes 

filtered air/volume medium/min but was later increased to 

4 volumes air/volume medium/min. Agitating i mpeller rate 

was set at 8 00 rpmi Dissolved oxygen (ppm) was monitored 

with an oxy gen electrode (see Dissol ved Oxygen in Yeast 
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Whey Permeate Medium section). Propagation conditions 

were maintained until stationary phase was achieved. 

Anti-foam spray (Antifoam A Spray, Dow Corning Corp., 

Mi dland, MI) or Ma rschall defoamer (silicone-based 

emulsion, Marschall Products, division Miles Laboratories, 

rladison, WI) was added to medium as needed. 

K. fragilis was also propagated simulataneously in 

six 250 mL Erlenmyer flasks containin g yeast whey permeate 

medium. One hundred seventy-five milliliters of yeast 

wh e y permeate medium was added to flasks and heat treated 

to 90 C for 40 min. 

each of the flasks. 

Filtered, humid air was delivered to 

Media was agitated by stirring rods 

placed in each flask and rotated by a multiple stirring 

plate (LABLINE Multi-Magnestir, LABLI NE Instruments Inc., 

Melrose Park, ILL.) 

Yeast Autolysis 

Yeast was concentrated to various levels by either 

natural sedimentation or by centrifu gation (Lourdes, 

Be ta-Fuge, Hod el A-2, Lourdes Instrument Corp. , Brookl yn, 

NY) • Natural sedimentation of yeasts was carried out by 

allowing whey medium to remain undisturbed until 

sedimentation occurred and then siphonin g of f the 

supernatant. Sedimented yeast was stored in an ice bath 

until autolysis was begun. The method of autolysis as 

prescribed by Peppler (123) and modified by Orberg et al. 
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(117) , was used to induce autolysis in yeasts. Yeast dry 

weight (see Yeast Dry Weight section) was determined on 

the yeast concentrate. Yeast concentrate was pH-adjusted 

with 15 M phosphoric acid (reagent A. C. S., Baker and 

Adamson, General Chemical Division, Morristown, NJ) or 28% 

ammonia, reagent ammonium hydroxide (reagent A. C. S., 

Fisher Scientific Company, Chemical Manufacturing 

Division, Fair Lawn, New Jersey) and then slowly warDed to 

so c. The yeast concentrate was moderately agitated until 

autolysis was complete. Later a temperature of 55 C was 

selected and no agitation was used during yeast autolysis . 

Fo rmol titration measurements were the basis for 

determining when autolysis was complete (110). The effect 

of yeast autolyzing enzymes on whey protein breakdown was 

s tudied by adding amounts of freeze-dried isolated whey 

p rotein to autolyzing yeast. 

Quantitative Measurements 

Acid in Fermented .£..!:!. Controlled 
W"he-y-Based Med ium 

The initial and final weight of the ammonium 

hydroxide container for WB medium fermentation was taken. 

The concentration of lactic acid (lactate) in 1 liter of 

WB medium during the course of fermentation was calculated 

according to the formula: Y = AxBx90.08; where Y = g rams 

lactic acid/L WB medium, A = normalit y of ammonium 
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hydroxide base, B = L of added base (converted from weight 

of base). The molecular weight of the acid used was 90 .0 8 . 

Lactic Culture Plate Counts 

Plate counts were made on lactic cultures using i\117 

medium. Appropriate dilutions were made with 0.1 % peptone 

and plated onto 10 cm disposable petri dishes (Fisher 

Scientific Products) b y the Spiral Plater (Spiral Sys tem 

Inc., Cincinnati, OH). Inoculated plates were incubated 

24 h at 30 C before counting. In order to obtain ~ore 

accurate colon y forming unit counts, sufficient di l utions 

were made so as to be able to count colonies over the 

total plate area. Usually this required a l x l o - 6 dilution 

on WB medium and LABGRO medium. 

Lactic Culture Optical Density 

A spectrophotometer (Beckman DB-G, Beckman 

Instruments Inc., Fullerton, CA) was used for all optical 

density readings. All optical density readings were taken 

at 480 nm with disposable plastic cuvettes (Fisherbrand 

styrene cuvets, 10xl0x45 mm volume, Fisher Sc ientific 

Company, Pittsburgh, PA). 

l!!. Reconstituted Nonfat R.E...v. Milk Medium. The method 

of Kanasaki et al. (71) reported by Richardson et al. 

(133) was used to obtain optical density measurements in 

RN DM. Optical density was expressed as OD(480nm) where 
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OD(480 nm) = ((Absorbance at 480 nm (medium+ culture)) -

((Absorbance at 480 nm (medium)) x Dilution Factor. 

For RNDM optical density readings it was not 

necessary to dilute the milk sample. A solution of 0.2 % 

ethylene-diaminetetra-acetate in deionized water (EDTA) 

solution) was adjusted to pH 12.2 with 10 M sodium 

hydroxide. Aliquots of 4.5 mL were dispensed into 13xl0 0 

mm test tubes with an automatic dispensor (Di g ital 

Dispensing Pump, Dynatech Laboratories Inc., Alexandria, 

VA) • An optical density measurement on RNDM was performed 

by pipetting exactly 0.5 mL RNDH sample into the test tube 

containing 4.5 mL EDTA solution, gently drawin g t he 

mixture into the pipet three times to assure thorou g h 

mixing with minimal mixing in of air bubbles, pouring the 

mixed solution into a cuvette, inserting the cuvette into 

the spectrophotometer and taking the readin g . The time 

for preparing and reading each sample was uniform. 

I.!!. ..Eli Controlled Whey-Based Medium. Higher cell 

concentrations in pH controlled whey-based medium required 

that a 1/10 dilution be made. Optical density readin gs on 

whey-based medium was performed by adding exactly 0.5 mL 

of WB to 4.5 mL EDTA solution, mixing thoroughly with a 

pipette, adding 0.5 mL of this solution to anot~er tube of 

4.5 mL EDTA solution, again mixing thoroughly with a pipet 

and then pouring a sample into a cuvette and inserting the 
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cuvette into the spectrophotometer to take the reatlin g . 

Sample preparation time for spectrophotometry was uniform. 

Figure 1 confirms OD(480 nm) WB and cell concentr a tion in 

WD to have an increasing relationship. 

In Lactic Culture Buffered Growth ~l ediurn. There were 

no milk proteins in LABGRO medium due to the use of whey 

permeate solids rather than whey solids. The insoluble 

salts of LABGRO medium which were remainin g after 

fermentation were dissolved by adding sufficient 

phosphoric acid to brin g the LABGRO mediuffi pH to 4.0. The 

medium was continually being mixed by the stirring rod 

during this acid addition. All salts were solubulized 

when the medium pH went to 4.0. Sample preparation time 

for spectrophotometry was uniform. 

Figure 2 confirms OD(480 nm) in LADGRO and cell 

concentration in LABGRO to have an increasin 6 

relationship. 

Conversion £i. RNDH Optical 
Density into Estimated Colony 
Forming Units/mL RNDM 

Estimated colony forming units of lactic cultures 

propagated in 10 % RNDM medium was obtained from medium 

optical density by the equation: 100 ~lillion CFU/ml 10% 

RNDM = 1.168 + 6.066(0D(480nm) 10% RNDM). The analysis of 

variance and regression analysis from which this equation 
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Table 2. Analysis of variance for estimateg cell 
concentration (100 million CFU/mL 10% RNDM ·) from 
OD(480 nm) 10% RNDM. 

Source 

Model 
Error 

DF 

1 
17 

Mean Square 

1480.80 
2.24 

2 R = .975 

F Value Pr > F 

659.77 .0001 
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Table 3. Regression analysis of cell concentration (100 
million CFU/mL 10% RNDM ) from OD(480 nm) 10% RNDM. 

Std Error of 
Parameter Estimate Estimate 

Intercept 
OD(480 nm) 

1. 168 
6.066 

.455 

.236 

* Reconstituted nonfat dry milk. 

T for HO: 
Parameter=O 

2.57 
25.69 

Pr > jT j 

.0200 

.0001 
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was obtained are given in tables 2 and 3. 

this relationship is given in Figure 3. 

Buffering Strength of Medium 
Formulations 

The plot of 

Buffering strength of medium formulations was 

evaluated b y inserting a 50 mL syringe filled with 10% 

lactic acid solution (A. C. S. specified, J. T. Daker 
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Chemical Col, Phillipsburg, NJ) into an automatic syringe 

pump (Sage Model 341, Sage Instruments, Division Orion 

2esearch inc., Cambridge, MA). The automatic syrin g e 

delivered 10% lactic acid at 1.1 ml/min. A combination pH 

electrode (Sensorex, Westminister, CA) attached to a pl! 

recorder (Sargent-Welch Scientific Co., 7300 N Linden Ave, 

Sk okie, IL) monitored pll. Fifty milliliters of formulated 

medium was tested at a time. Buffering strength between 

pH 6 . 8 (initial pH varied between pH 7.0 and pH 6 . 6 ) and 

pH 5.2 of each formulation was evaluated by amount of 10 % 

lactic acid solution required to bring buffer pH to 5.2 • 

..J2..!.!. i-'I ea s u r em e n t s 

pH measurement s were performed with an Altex 060 pH 

meter (Beckman Inst ru ments Inc. , Fullerton , CA) and a Ross 

combination pH electrode( model 81 - 02, Orio n nesenrcll 

In c., Camb rid ge, HA). An Altex Thermo Compensato r 

(531550, Beckman Instruments, Inc., Fullerton , CA) was 

used. 
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Acid in Fermented Reconstituted ---
Nonfat QE_y_ Hilk Medium 

Lactic acid of known normality was added by a buret 

in increments to pasteurized 10 % RNDM used for activity 

tests. The pH reading of the RNDH after each acid 

increment addition was recorded. Since the amount of and 

normality of the added lactic acid was known, lactic acid 

concentration in the RNDM was calculated as follows. 

lactic acid /mL 10% RNDM = (mL lactic acid solution 

added)(Normality lactic acid solution/lOOO)(MW lactic 

acid) I total 10% RNDM volume. Variation in bufferin g 

mo 
0 

capacity among bags of nonfat dry milk necessitated that 

the same bag of nonfat dry milk be used throu ghout these 

expe riments. 

Conversion .Qf RNDH ..21:!. into Estimated 
Lactic Acid Concentration 

Estimated lactic acid produced in 10% RNDN by l ac tic 

cultures was obtained from the equation: mg Lactic Acid/ml 

10% RNDM = 43.304 - 12.086( pH) + .840(pH 2 ). The analysis 

of variance and regression analysis from which this 

equation was derived are given in tables 4 and 5. The 

plot of this relationship is g iven in Figure 4. Th is 

prediction for lactic acid is accurate only for the ba g of 

RND N used for this research due to variation of buffering 

capacity among lots of RNDM. 



Table 4. Analysis of variance for lactic acid 
concentration (mg/mL 10% RNDM ) and 10% RNDM pH. 

Source 

Model 
Error 

DF 

2 
115 

Mean Square 

149.790 
.005 

2 R = .998 

F Value Pr > F 

32125.51 .0001 
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Table 5. Regression analysis of lactic acid concentration 
(mg/mL 10 % RNDM ) from 10% RNDM pH. 

Std Error of 
Parameter Estimate Estimate 

Intercept 
pH 
pH2 

43.304 
-12.086 

.840 

.583 
• 211 
.019 

T for HO: 
Parameter=O 

74.22 
-57.19 

44.28 

Pr > jr/ 

.0001 

.0001 

.0001 
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Lactic Culture Activity Tests 

All activity tests were performed with the same ba g 

of spray process dry pasteurized nonfat dry milk ( Hestern 

General Dairies, Ogden, UT). Activity tests were 

performed with RNDM heated to 75 C and immediately cooled 

to 4 C. 

Pearce Activity Test. The Pearce activity test was 

modified to exclude the use of rennet. It was performed 

by inoculating 10 mL pasteurized, cold (4 C) RNDH with 0.2 

mL of fermented WB or LABGRO medium of the particular 

culture, mixing, taking the initial pH and incubating 

duplicate test tubes according to the schedule illustrated 

in Table 6. After incubation, the test tubes were 

immersed into an ice bath and final pH readings were taken 

on the RNDM. Activity measurements were expressed either 

as A pH units (initial RNDM pH - final RND M pH) or as 

estimated acid concentration (see Acid in Fermented 

Rec on st it u t e d Nonfat Dry i'I i 1 k Medium section) . 

High Temperature Activity Test. A high temperature 

activity test (133) was performed by inoculating into 

separate test tubes containing 10 mL of cold (4 C) RiD~, 

0.05, 0.1, 0.2, 0.5, 0.9 mL of fermented WB or fermented 

LABG RO medium. The initial pH of the tubes were taken. 

Duplicate samples of the milk along with a control sample 

with no inoculum was then incubated S h at 38 C. All 



Tab~e.6. Temrerature, time schedule for the Pearce 
activity test . 

Minute 
Interval 

0-70 

70-75 

75-80 

80-85 

85-90 

90-95 

95-100 

100-115 

115-260 

260-268 

268-276 

276-284 

284-292 

292-300 

Interval 
Temperature 

(C) 

32 

33 

34 

35 

36 

37 

38 

38 

37 

36 

35 

34 

33 

32 

Interval 
Time 

Fraction 

.23 

.02 

.02 

.02 

.02 

.02 

.02 

.05 

.48 

.03 

.03 

.03 

.03 

.03 
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1 Pearce, L. E. 1969. Tests for Cheese Starter Cultures. 
New Zealand J. Dairy Technol. 4:246. 
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tubes were then immersed in ice water for 10 min and final 

pH readin g s were taken. Results were expressed t he sa me 

a s in Pearce activity test. Some activity tests were done 

as described but 30 C was the incubating temperature. 

Growth Potential in Reconstituted 
N o n f a t 12!:..Y. M i 1 k {'! e d i u m .2.f 
Individual Lactic Strains 

Lactic strains were characterized according to their 

acid production and g rowth in 10% RNDM after 5 h 

incubation at 38 C or 30 C. The lactic strains to be 

characterized were initially propa ga ted in WB or LA ilGRO 

medium. The fermented medium was added in 0.05, 0.1 , 0 . 2 , 

0 .5, and 0.9 mL aliquots into test tubes containin g 10 ml 

al iquots of 10 % RNDM. After the cultures were mixed into 

the RND~l. optical density measurements were taken of the 

R ;rn M s am p 1 e s . The test tubes were then incubated at 38 C 

or 30 C for 5 h and then placed in an ice bath for 10 min 

before pH and optical density measurements were taken. 

RNDM pH after 5 h culture incubation was converted into mg 

lactic acid/mL 10 % RNDM according to the prediction 

equation in Figure 4. When 10% RNDM acid concentr atio n 

was plotted against initial optical density of the 

in o cu 1 ate d 1 0 % RN Dtl , a hyper b o 1 a-1 i k e curve s i mi 1 a r to the 

ri ichaelis- Me nton enzyme kinetics curve was observ ed . The 

equation describing the Michaelis- llenton curve, i.e., Y = 

(AX)/(B+X), was selected to describe the relationship 
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observed between initial cell concentration in RNDM and 

final acid concentration in RNDM as the initial cell 

concentrations increased. Y was set equal to the final 

acid concentration in 10% RNDM. X was set equal to the 

initial cell concentration (OD(480nm) in 10% RNDM. The A 

and B coefficients were estimated by the nonlinear least 

squares approximation curve fitting program of Ruckdeschel 

(136) with the aid of an Apple Computer (Apple II Plus, 

Apple Computer Inc., Cupertino, CA). When the A and B 

coefficients were determined by the computer an equation 

was achieved that closely predicted the initial cell 

c oncentration vs final acid concentration of the 

inoculated RNDM. 

Each strain was characterized according to what 

predicted initial cell concentration (OD(480nm)) in 10% 

RNDM was required in order to produce an acid 

concentration of 2.5 mg lactic acid/ml 10% RNDM or to 

produce a final cell concentration of 1.46 OD(480nm) after 

a 5 h incubation at a set temperature. These values were 

chosen because they approximate a 10% RNDM pH of 5.4 and a 

cell concentration in 10% RNDM of 1 x 109 CFU/ml, 

respectively. Predicted initial cell concentration 

(OD(480 nm)) was derived for each strain by rearranging 

the above equation and solving for X : X = (BxY)/(A-Y). Y 

was either 2.5 or 1.46 depending on which criteria was 

desired to characterize the strain. 
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Lactic strains were further characterized according 

to their number of generations in 10 ~~ RNDM at 38 C during 

a 5 h incubation period. OD(480nm) of inoculated 10 % RHDd 

was converted to estimated 100 million CFU/l 10 % RN D~ by 

the prediction equation in Figure 1. Number of 

generations during the 5 h period was calculated accordin g 

where k is the number of doublin gs in 5 h. 

Lactic strains were also characterized accordin g to 

cellular acid rate expressed as pg lactic acid produced I 

cell. The average cell number during the 5 hour 

incubation period was determined f or each level of initial 

cell concentration by adding the logs of the initial and 

final cell' concentration, dividing by 2 and takin g the 

antilog. Microbial cellular expressions of this kind have 

been reported by other authors (2). 

Lactose in Yeast Whey Permeate 
Medi urn 

Lactose in yeast whey permeate medium was measured 

enzymically (Lactose/Galactose spectrophotometric test, 

Bo e h ringer Mannheim Biochemicals, Indianapolis, I ~ ). The 

enzyme kit included citrate buffer plus ~AD , pH 6.6; about 

100 units of ~ -galacosidase suspension, potassium 

diphosphate buffer, pH 8 . 6; and about 35 units of 

ga lactose dehydrogenase suspension. All solutions were 

added to the l cm disposable cuvette used for 
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spectrophotometric readings. The whey permeate medium was 

diluted as required with distilled water. The blank was 

prepared by mixing 0.20 mL of citrate buffer plus NAD and 

0.05 mL of ~ -galactosidase suspension. After 10 min 1.00 

mL of potassium phosphate buffer and 2.00 mL of distilled 

water were added. These were mixed and absorption at 365 

nm was read after 2 min (Alb). Then 0.05 mL of galactose 

dehydrogenase suspension was mixed and absorbance at 365 

(A2b) was read after 15 min. Then 0.10 mL of diluted whey 

sample was mixed with 0.20 of citrate buffer plus NAD and 

a llowed to sit for 10 min. Then 1.00 mL of potassium 

diphosphate buffer and 1.95 mL of distilled water was 

mixed in and absorption at 365nm was read after 2 min 

(Als). To this, 0.05 mL of galactose dehydrogenase 

suspension was mixed in and absorbance at 365nm (A2s) 

after 15 min. Absorbance ( /:1 A) = As - Ab. (As = As2 -

Asl; Ab = Ab2 - Abl). The concentration of lactose in the 

original whey permeate medium sample (g/liter) was 

determined by the equation: 

c (VxMW/ExvxdxlOOO)xFxA; 

where V = final volume, v = sample volume, MW = lactose 

molecular weight, d = cm of cuvette light path, E 

absorption coefficient of NADH at 365 nm and F is the 

dilution factor. 
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Dissolved Oxygen 

Dissolved oxy g en (ppm) was monitored b y an oxy gen 

e 1 e ctr ode (mode 9 7 - 0 8 0 r ion Research Inc . , Cambridge , ;.1 A) 

connected to a pH meter (Cornin g pH meter, model 7, 

Corning Glassworks, Cornin g , NY). 

Yeast Optical Density in Yeast 
\fo e y Pe rm ea t e Med i um 

Optical density readings were measured with the 

spectophotometer at 560 nm (16). Samples were prepared by 

transferri ng exactly 10 mL of incubatin g yeast whey 

permeate into a 12 mL centrifu ge tube (Kimax). This 

sample was then spun in a bench c e ntrifu ge (International 

Clinical centri fuge , International Equipment Co., Need ham 

Heights, MA ) at setting 5 for 10 min. The supernatant was 

discarded and replaced with 10 mL of 0 .2 M so dium a c e t ate , 

pH 5.8 (technical g rade, Baker and Adamson, Ge neral 

Chemical Division, New York, NY). This sample was mixed 

wi t h a vortex mixer (model K-550- G, Scientific Industries 

Inc., Bohemia, NY ) and centrifuged in t he same manner. 

Again the supernatant was discarded a nd 10 mL o f new 0.2 :1 

sodium acetate buffer was added to the sample and mi xed . 

One tenth milliliter of this mixture was added to 10 mL 

0 .2 N sodium acetate, pH 5 . 8 and vortexed. Optical 

density was read at 560 nm and optical density (O D(5 60 nm) 

was determined according to the formula: 



OD(560 nm) = ((Absorbance at 560 nm (sample) -

(Absorbance at 560 nm (bank)) x Dilution Fa ctor. 

Yeast Qr_y_ \Veight 
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Yeast dry weight was determined accordin g to the A 0 

AC method for total solids determination of yeast (67). 

Ten milliliters of yeast-grown whey permeate medium was 

added to a 15 mL centrifu ge tube (Kimax). The sanple was 

centrifuged in a bench top centrifuge and the supernatant 

was discarded and replaced with 10 mL of deionized water 

and then mixed with the yeast sediment with a mixer. This 

procedure was then repeated. The washed resuspended yeast 

cells were then added to a metal weighing dish alon g with 

abou t 5 g of sea sand (washed, ignited, Fisher Scientific 

Co., Chemical Manufacturing Division, Fair Lawn, NJ) and 

mixed together with a small g lass rod. The wei g ht of 

these contents (including the g lass rod and weighin g pan 

lid) was then determined to the nearest mg. Five 

milliliters of ethanol was then added and thorou gh ly mixed 

in with the glass rod. The entire contents of the 

weighing pan were dried for 3 h at 105 C in an air oven 

(Thelco, Model 18 , GCA/Precision Scientific, Chicagao, 

IL), cooled in a dessicator for 20 min and weighed. Yeast 

dry weight was expressed as g dry yeast/L yeast whey 

permeate medium. 
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Table 7. Analysis of variance for yeast dry weight (g/L 
whey permeate medium) and OD(560 nm) whey permeate medium. 

Source 

Model 
Error 

DF 

2 
18 

Mean Square 

225.195 
1.078 

R2 = .959 

F Value Pr > F 

208.99 .0001 

Table 8. Regression analysis for yeast dry weight (g/mL 
whey permeate medium) and OD(560 nm) whey permeate medium. 

Parameter Estimate 

Intercept 8.610 
OD(560 nm) -.295 
OD(560 nm) 2 .007 

Std Error of 
Estimate 

3.067 
.135 
.001 

T for HO: 
Parameter=O 

2.81 
-2.19 

4.97 

Pr > )Tj 

.0116 

.0424 

.0001 
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Figure 5. Quadratic regression of yeast dry weight (g/L whey permeate 
medium) and OD(560) whey permeate medium. (See tables 7 and 3 ). 
g dried yeast/L whey permeate medium = 8.610 - .296(0D(560 nm)) 
.007(0D(560 nm)) 2 . 95% confidence curves are drawn 



Conversion .2..f Medium Optical 
Density into Estimated Yeast 
12..!:..Y. Weight 

Es timated yeast dry weight (g/L) in whey permeate 

medium was predicted from OD(S60 nm) of whey permeate 

medium by the equation: yeast dry weight (g/mL whey 
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permeate medium) = 8.160 - 0.29S(OD(S60 nm) + .007(0D(560 

2 nm)) . The analysis of variance and regression analysis 

from which this equation was obtained are in tables 7 and 

8. The plot of this relationship is given in Figure 5. 

Autolysate Products 

Autolysate products were monitored by formol 

titration and ultra-violet absorption (absorbance index). 

Commercial Yeast Products. Various commercial yeast 

products were nutritionally evaluated for lactic culture 

growth . Yeast products of the following companies were 

evaluated: Busch Industrial Products Corp., St. Louis, 

MO: Product 2313 (yeast extract); AYE 2312 (yeast 

extract), AYS (yeast autolysate). 

Amber Laboratories, Juneau, WI: Amberex 1003 

(yeast extract), Amberex 1400 (yeast autolyzate), Prymex 

212 (yeast extract), EP 440 (yeast a utolysate). 

BBL Mi crobiolo gi cal Systems, Becton Dickinson 

and Col, Cockeysville, HD : BBL yeast extract. 

Pure Culture Products, Inc., Chicago IL: 

ZYEST-70H (yeast autolysate). 
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Ardamine "Yes" Yeast Products Co., Patterson, 

NJ: Ardamine "Yes" yeast extract. 

Formal Titration. Amount of protein hydrolysis in 

supernatant of yeast autolyzate was determined by formal 

titration (110). Fo r mal titration was carried out by 

adding 20 mL of concentrated yeast of known solids content 

to a Karl Fisher automatic titration instrument cup 

(Multi-Dosimat E415, Metrohm Herisau, Switzerland). A 

combination pH electrode (Sensorex, Westminister, CA) 

attached to a pH meter (Cornin g pH meter model 10, Corning 

Glassworks, Corning, NY) was inserted into the cup to 

monitor pH of the yeast mixture. Drops of 1 1'1 UaOH were 

added initially to get the yeast mixture pH close to 8 . 

Thereafter sodium hydroxide of known normality was added 

until the yeast mixture pH reached 8.3 (phenolthalein 

endpoint). Four and a half milliliters of 3 7% w/w 

formaldehyde (certified A. C. S., Fisher Scientific 

Company, Chemical Manufacturing Division, Fair Lawn, NJ) 

was then added via the automatic titrimeter into this cup. 

The yeast mixture was then titrated to pH 8.3 with 0.1 M 

NaOH. The automatic titrimeter recorded the amount of 

base added. From this amount of base was subtracted the 

amont of 0.1 H NaOH required to bring 4 . 5 mL of the 

formaldehyde to pH 8.3 . The amount of protein and extent 

of protein hydrolysis was measured by formal tit r ation 
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units expressed as mmoles NaOH/g yeast solids and added 

milk protein solids. Yeast solids were estimated by 

turbidity according to the prediction equation in Table 

1 2 • 

Absorbance Index. Protein and protein hydrolyzate 

concentration was monitored indirectly by ultraviolet 

absorption measurements. Spectrophotometric measurements 

(Beckman DB-G, Beckman Instruments Inc., Fullerton, CA) 

were taken at 260 nm where yeast nucleic acids absorb 

optimally (37). Yeast autolysate was diluted with 

deionized water to give a concentration of approximately 

0.2 to 0.5 mg yeast solids/mL prior to taking the 

absorption reading. A quartz cuvette (Precision Cells 

Inc., Hicksville, NY) was used for all ultra-violet 

absorption measurements. The amount of protein and extent 

of protein hydrolysis as measured by absorption index was 

expressed as (Absorbance 260 nm/mg yeast solids/ml)xlOO. 

Whey Protein Isolation 

Whey protein was isolated (52) by reconstituting 

spray process pasteurized dry whey (Mulligan Sales, Inc., 

City Industry, CA), adjusting pH between 6.3 and 6.5 and 

heating the whey to 90 C with constant stirring. One 

hundred milliliters of 33% acetic acid/45.4 kg of whey was 

then added with stirring until the acid was thoroughly 



mixed in. When whey protein had coagulated it was 

collected by filtration and freeze dried at 35 C 

(Dura-Dry, FTS Systems Inc., Stone Ridge, NY). Freeze 

dried whey protein was stored at 4 C until used. 

Statistical Analysis 

All statistical analysis was performed with an IBM 

4341 using the SAS (Statistical Analysis System, SAS, 

Cary, NC). 
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RESULTS AND DISCUSSION 

Development of an Internal .21:!. Controlled i·ledium for 

Evaluation of Yeast, Protein Hydrolysate Products 

An internal pl! control buffering system was preferred 

to an external system to evaluate bulk medium nitrogen 

sources in the laboratory because more nutrient sources 

could be evaluated concurrently. The inclusion of 

buffering compounds in culture media that largely 

neutralizes lactic acid produced by metabolizing cultures 

is what constitutes a medium being termed internal pl! 

control medium . An internal pH control medium was 

considered to g ive better repeatability and to be much 

simpler than the method we used previously wherein drops 

of ammonium hydroxide were manually added (17 8 ). 

A buffering system was desired to be equal or better 

than those available in commercial internal pl! control 

media and to be void of significant nitrogenous compounds. 

First, soluble salts were incorporated into medium 

formulations and compared against PHASE Ivtm, a commercial 

internal pH control bacteriophage inhibitory medium. 

Table 9 shows that none of the soluble salt formulations 

were comparable to PHASE I vtm in buffering strength. 

Si nce experitmental results shown in tables 9 , 10, 11 and 

12 were exploratory in nature no duplicates were run. 



72 

Table 9. Buffering of media and salt formulations. The 
milliliters of 10% lactic acid solution to drop the pH 
from 6.6-7.0 to pH 5.3 were determined. 

----------------------------------------------------------
Formulation 10% Lactic Acid (mL) 

----------------------------------------------------------
3.0 1 BGP 2 7.7 
1. 8 monoSP 
0.2 di SP 

5.0 BGP 1 2. 1 

3.0 BGP 11. 1 
1. 8 monoSP 
0.2 di SP 
0.4 triSC 

2.5 monoAP 14.3 
2.5 di AP 

5.0 w 13.2 
0. '~ YA 
0.1 CH 
3. BGP 
1. 8 monoSP 
0.2 di SP 

8.5 PHASE rvtm 22.0 

----------------------------------------------------------
1 %weight/volume 

2 BGP, disodium ~ -glycerophosphate; P, phosphate; S, 
sodium; C, citrate; A, ammonium; W, whey solids; YA, yeast 
autolysate; CH, casein hydrolysate. 
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Approximately 4% salts were considered present in the 

reconstituted PHASE rvtm since 8.5% reconstituted solids 

was recommended by the PHASE rvtm manufacturer. 

Formulations with approximately 5% reconstituted soluble 

salts buffered half that provided by 8.5% PHASE rvtm. 

Disodium ~ -glycerophosphate (BGP) buffered less than the 

same amount of 1:1 mono, disodium phosphate. Duplicated 

measurements were made on experiments once a successful 

formula was achieved. 

Varied soluble salts were compared via activity tes ts 

with a 1:1 inoculum blend of S. cremoris UC73 and S. 

lactis ULB (Table 10). One formulation sustained good 

culture growth. It contained 1.0% monoammonium phosphate, 

1.0% diammonium phosphate and 3% trisodium citrate and it 

sustained culture activity similar to that in PHASE rvtm. 

The 19 h medium pH, however, was 5.2 whereas the 19 h 

PHASE rvtm medium pH was only 5.8. Superior buffering 

existed in PHASE rvtm allowing a superior growth 

environment which would have been apparent given a longer 

incubation time. 

Varied initially insoluble salts including calcium 

hydroxide, magnesium phosphate and calcium phosphate were 

then evaluated unsuccessfully. An antacid tablet 

(MAALOxtm) was used in a formulation along with ammonium 

phosphate. One formulation containing 1% monoammonium 

phosphate, 1% diammonium phosphate and 2% pulverized 
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Table 10. Comparison of various buffered media for 
suitability in propagating ~ cremoris UC73 and ~ lactis 
UL8, 1:1 blend. All media were heated to 90 C for 40 min, 
incubated at 27 C for 19 h. Activity was measured with 
the Pearce activity test. 

----------------------------------------------------------
Buffered Medium 19 h pH 1 Activity ( pH) 

----------------------------------------------------------
8.5 2 PHASE rvtm 

3.5 w, 0.4 YA 
0. l CH, 3.0 BGP 
1. 8 monoSP, 0.2 di SP 

5.0 N' 0.4 YA 
0. 1 CH, 3.0 BGP 
1. 8 MonoSP, 0.2 di SP 

3.5 w, 0.4 YA 
0. 1 CH, 5.0 BGP 

5.0 N • 0.4 YA 
0.1 CH, 2.5 monoAP 
2.5 di AP 

5.0 N, 0.4 YA 
0. 1 CH, 2.5 monoSP 
2.5 di SP 

5.0 N, 0.4 YA 
0.1 CH, 2.0 monoAP 
2.0 diAP, 2.0 triSC 

5.0 N, 0.4 YA 
0.1 CH, 1.0 monoAP 
1.0 diAP, 3.0 triSC 

5.8 1. 04 

6.4 0.40 

6.3 0.34 

6.7 0.33 

6.4 0.26 

6.3 0.34 

6.3 0.49 

5.2 1. 00 

----------------------------------------------------------
1 pH of medium after 19 h incubation at 27 C. 

2 % weight/volume 

3 W, whey solids; YA, yeast autolysate; CH, casein 
hydrolysate; BGP, ~ -glycerophosphate; S, sodium; P, 
phosphate; N, nonfat dry milk, A, ammonium; C, citrate. 
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antacid had similar buffering capacity to PHASE rvtm 

(Table 11). Low buffering strength was observed in the 

absence of ammonium phosphates. Magnesium hydroxide and 

aluminum hydroxide were the main antacid ingredients. 

Aluminum hydroxide was shown to possess little buffering 

power with the ammonium phosphates in the desired pH 

range, i.e., pH 7.0-5.2. The successful formulation 

apparently existed as a complex buffering system involving 

ammonium, phosphate and magnesium salts. 

Other salts were combined with the p u lv e ri z ed a n ta c id 

tablet. Ammonium and sodium carbonate were effective in 

buffering (Table 12). Both 3% ammonium 

phosphates/carbonates and sodium phosphates/ carbona tes 

provided equal buffering to PHASE rvtm when combined with 

1.5% pulverized antacid tablet. The sodium salts had 

greater buffering strength. Sodium phosphates as the only 

phosphate medium ingredient were not evaluated further 

because of greater inhibition of lactic culture growth 

(11) and a more insoluble precipitate developed during the 

40 min/90 C heat treatment used. A combination of 

ammonium and sodium phosphates was therefore desired in 

the formulation. Carbonates lost buffer capacity during 

heat treatment and were not further considered for 

incorporation into a medium .• 

Three different internal pH controlled media were 

developed and evaluated for propagation of Prt- lactic 
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Table 11. The effect of antacid (Maaloxtm) addition on 
buffering capacity of a 1% monoammonium phosphate, 1% 
diammonium phosphate solution. Buffering strength was 
evaluated by how many mLs of 10% lactic acid solution was 
required to bring initial pH (6.6-7.0) to pH 5.2. 
Pulverized antacid tablets contained 50% magnesium 
hydroxide and 50% aluminum hydroxide. 

----------------------------------------------------------
Buffer 

Antacid 
Addition 1 10% Lactic Acid (mL) 

---------------------------------------~--~---------------

1% monoammonium 
phosphate 

1% diammonium 
phosphate 

o.o 

0.5 

1.0 

1. 5 

2.0 

(1.0% aluminum hydroxide) 

0% monoammonium 
phosphate 

0% diammonium 
phosphate 

8.5% PHASE IV 

1.0 

6.5 

9.7 

13.5 

17.2 

22.5 

6.3 

0.2 

24. 1 

----------------------------------------------------------
1 % weight/volume 
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Table 12. Buffering strength of formulations containing 
various concentrations of pulverized antacid (Maaloxtm) 
tablets, phosphates and carbonates. Buffering capacity 
was evaluated by how many milliliters of 10% lactic acid 
solution was required to bring initial pH (from 6.6 to 
7.0) to pH 5.2. Pulverized antacid tablets contained 50 % 
magnesium hydroxide and 50% aluminum hydroxide. 

----------------------------------------------------------
Buffer 

Antacid 
Addition 1 10% Lactic Acid (mL) 

------------------------~---------------------------------

i l monoS 2P, 1 di SP o.o 6.2 

.75 monoSP, .75 di SP 1. 0 11. 7 

1 monoSP, 1 di SP 1. 0 11. 2 

1. 25 monoSP, 1. 25 Di SP 1. 0 1 2 • 7 

1. 5 monoSP, 1. 5 di SP 1. 0 14.0 

1. 5 monoSP, 1. 5 di SP 1. 5 16. 2 

1 monoAP, 1 di AP, 1. 5 24.6 
1 ACO 

1 monoSP, 1 di SP 1. 5 32.3 
1 sco 

8.5 PHASE rvtm 23.6 

----------------------------------------------------------
1 % weight/volume 

2 S , sodium; P, phosphate; A, ammonium; CO, carbonate. 
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cultures. Composition of these media is given in Table 

13. 

Table 13. Composition of internal pH controlled media for 
lactic culture propagation. MSP = monosodium phosphate, 
MAP = monoammonium phosphate, TSC = trisodium citrate, 
DAC = diammonium citrate, DAP = diammonium phosphate 
MH = magnesium hydroxide, CA = citric acid, YE = yeast 
extract, CH = casein hydrolyzate, WS = whey solids. 
Quantities are expressed at % weight/volume. Media were 
heated 90 C for 40 min prior to inoculation. 

----------------------------------------------------------

Ingredient A 

MSP 0.8 
MAP 1.0 
TSC 0.3 
DAC 0.7 
DAP 
MH 1. 2 
CA 
YE 0.4 
CH 0. 1 
ws 5.0 

Medium 
B 

1. 5 
1. 5 

1. 0 
0.3 
0.4 
0.1 
5.0 

c 

1. 2 
1. 5 
1. 2 
0.8 
0.4 
0. 1 
5.0 

----------------------------------------------------------

These 3 media were evaluated for Prt- lactic culture 

propagation by inoculating the Prt- cultures: S. 

cremoris UC320, UC73, ~· lactis UL7, and UL8 separately 

into each of the media. Inoculated media were incubated 

at 27 C for 14 h. Activity of the cultures in the 

respective media was then evaluated with the Pearce 

activity test. Analysis of variance was performed on the 

results (Table 14). Both the LSD and Duncan's multiple 

range test showed that medium A was superior to media B 
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and C and that there was no significant difference between 

media B and C at alpha = .OS. 

Table 14. Analysis of variance on various internal pH 
controlled media. 

----------------------------------------------------------
Source DF Mean Square F Value Pr > F 

----------------------------------------------------------
Block 1 .213 3.69 .0628 
Strain 3 2.794 48.37 .0001 
Medium 2 . 7 1 1 12.31 .0001 
Strain*Medium 6 .033 .57 .7496 
Error 35 .058 

R2 = .835 

--------------------------------~-------------------------

Whey solids were replaced by whey permeate to reduce 

coaguable protein content which interferred with turbidity 

readings (66). Modified medium A was then entitled LActic 

culture Buffered GROwth (LABGRO) medium (Table 15). 

Reconstituted LABGRO medium contained 7.5% solids. 

The buffering capacity of LABGRO medium before 15% 

reduction of its buffering salts (medium A in Table 13) is 

illustrated in Figure 6. Here LABGRO medium was found to 

have about 8 times the buffering capacity between pH 6.6 

and pH 5.2 than 10% RNDM. 

The effect of agitation and addition of a reducing 

agent (ascorbic acid (.1%)) on cell propagation in LABGRO 

medium was studied (Tables 16, 17). LABGRO medium 



80 

Table 15. Ingredient composition of lactic culture 
buffered growth medium (LABGRO Medium). Quantities given 
are reconstituted values (% wt/vol). 

LActic culture Buffered GROwth medium 

LABGRO Medium 

INGREDIENT CONCENTRATION 

Monosodium phosphate .70 

Monoammonium phosphate .85 

Trisodium citrate .30 

Diammonium citrate .5 5 

Magnesium hydroxide 1. 00 

Whey permeate solids 3.60 

Nutrient source .50 

Water 92.50 

100.00 

----------------------------------------------------------
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Figure 6. Buffering capacity of 10% reconstitued nonfat dry milk 
and LABGRO medium. 
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sustained greater concentrations of two Prt- lactic 

cultures when mildly agitated during culture incubation 

(Table 17). The analysis of variance of this comparison 

is given in Table 16. 

Table 16. Analysis of variance on various incubating 
conditions on LABGRO medium. 

Source DF Mean Square F Value Pr > F 

Strain 1 49.88 43.51 .0001 
Agitation 2 40.03 34.91 .0001 
Ascorbic Acid(AC) 1 .01 . 01 .9403 
Strain*Agitation 2 2.76 2.40 .2841 
Strain* AC 1 1. 58 1. 38 .1234 
Agitation*AC 2 1. 63 1. 42 .2740 
Error 14 1. 15 

2 R =.897 

A reducing agent, .1% ascorbic acid, gave no 

beneficial affect. Increased lactic culture growth in 

agitated medium was probably due to better solubulization 

and mixing of buffering salts. Growth-inhibiting hydrogen 

peroxide levels resulting from agitation were probably 

minimized by the yeast extract which has been shown to 

prevent cell growth inhibition due to hydrogen peroxide 

build up (146). 
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Table 17. Effect of continuous medium agitation and added 
reducing agent (ascorbic acid) on growth of ~ cremoris 
UC171 Prt- and S. lactis UL7 Prt- in 7.5% LABGRO medium. 
Culture was propagated for 19 h at 27 C. Means are 
duplicate averages. 

----------------------------------------------------------
Incubation Condition OD(480 nm) 1 

----------------------------------------------------------
Agitation 2 

Agitation + ACS 
Initial agit1tion 6 + AC 
No agitation + AC 
No agitation 
Initial agitation 

14.5 a 3 

14.0 a 
11. 0 b 
10.5 b 
10.0 b 
9.9 b 

a4 
a 
b 
b 
b 
b 

----------------------------------------------------------
1 Optical Density =((Absorbance at 480 nm (rnedium+culture) 
- (Absorbance at 480 nm(medium)) x Dilution factor 

2 Agitation at 100 rpm on flask shaker throu ghout 
incubation. 

3 LSD test. 

4 Duncan's multiple range test. When two means in a 
column share the same letter. they are not si gnifi cantly 
different at alpha=.05. 

5 0.1% ascorbic acid. 

6 Agitated initially to break up salts caked on bottom of 
flask. 

7 No agitation at all. Culture was initially mixed into 
medium by gently swirling. 
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Growth of a Prt- lactic variant in LABGRO medium was 

compared to the culture concentration sustained by pH 

controlled whey-based medium and two commercial internal 

pH controlled bacteriophage inhibitory media; PHASZ rvtm 

and INSUREtm. The analysis of variance and results are 

shown in tables 18, 19, 20 and 21 . The performance of 

LABGRO medium was approaching that of pH controlled 

whey-based, equal to that of INSUREtm medium and superior 

to PHASE rvtm. LABGRO medium was selected as a 

laboratory medium to evaluate the nitro g enou s source s u sed 

in c o nditions simulatin g comm e rcial pH controlled b ul k 

medi a fermentation. It is not su ggested a s a commerci a l 

internal pH control bacteriopha g e inhibitory mediu m since 

calcium chelating properties were inferior to PH ASE r v t m 

and I NS UR Etrn (personal communication, dairy p roducts 

laboratory technician, Stauffer Chemical Co., 1983 ). Also 

it probably would violate the patent ri g hts of PHAS E rvt m 

(139) 

Selection of a Test Strain for Evaluation - - ---
of Yeast, Protein Ilydrolysate Products 

A Prt- variant was desired as a test strain for 

evaluating yeast and protein products. Such a strain 

should be more sensitive to utilizable nitrogenous matter 

than Prt+ strains . 
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Table 18. Analysis of variance on culture growth in WB, 
PHASE rvtm and LABGRO media. 

Source 

Medium 
Error 

DF 

2 
3 

Mean Square 

i.2 x 10 19 

3.2 x 10 17 

2 R =.925 

F Value Pr > F 

36.77 .0004 

Table 19. Growth of S. lactis UL7 Prt- in WB, PHASE rvtm 
and LABGRO media. S . ""'Tactis UL7 Prt- was inoculated (1 %) ' 
i nto heat treated (90 C for 40 min), cooled media. 
Incubation was for 19 h at 27 C. PHASE rvtm and LABGRO 
media were moderately agitated during incubation to assure 
dispersion of salts. Ml7 medi a wa s used for plate counts. 

Medium 

pH control Whey-Based 

LABGRO 

PHASE rvtm 

CFU/mL Medium 

11.0 x 10 9 

9.4 x 10 9 

7.3 x 10 9 

b 

c 

1 When two means in a column share the same letter, they 
are not significantly different at alpha=0.05, Duncan's 
multiple range test. 



Table 20. Analysis of variance on culture growth 
stimulation in INSUREtm, PHASE rvtm and LABGRO media. 
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Source DF Mean Square F Value Pr > F 

Medium 
Error 

2 
3 

18.77 
• 7 1 

2 R =.946 

26.50 .0124 

Table 21. Growth of S. lactis UL7 Prt- in INSUREtm, PHASE 
rvtm and LABGRO media-.- S. lactis UL7 Prt- was inoculated, 
1%, into heat treated (90 C,40min), cooled media. 
Incubation was for 19 h at 27 C. PHASE rvtm and LABGRO 
media were moderately agitated during incubation to assure 
dispersion of salts. 

Medium 

INSUREtm 

LABGRO 

PHASE rvtm 

OD(480 nm) 1 

13.5 a 2 

13.2 a 

8.1 c 

1 Optical Density = ((Absorbance at 480 nm (medium+ 
culture) - (Absorbance (medium)) x Dilution factor. 

2 When two means in a column share the same letter, they 
are not significantly different at alpha=0.05, Duncan's 
multiple range test. 
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During the course of obtaining data plotted in Figure 

1, S. cremoris UC171 and S. lactis UL7 and a Prt- variant 

of each were individually propagated in pii controlled 

whey-based medium. 

Prt- strains grew in pH controlled whey - based medium 

(WB) to within 95 % of the growth sustained by Prt+ strains 

(Figure 7). Each Prt- strain also produced about the same 

amount of lactate in pH controlled whey-based fermentation 

(Figure 8). No significant difference among the Prt+ and 

Prt- samples were shown (Table 22). 

Table 22. Analysis of variance on final lactate 
concentration in \JB medium fermented b y~ cremoris GC171 
Prt+ , UC171 Prt-, ~ lactis UL7 Prt+ and UL7 Prt-. Each 
strain was propagated individually in WB medi um. 

Source DF 

Strain 1 
Protease Type 1 
S train;~Type 1 
Error 3 

Mean Sq uare 

27.556 
.900 

2.500 
.348 

2 R =.739 

~ffec t of Initial Co ncentr ation 
and Strain ~ .2....!l Cell Growth ~a te 

F Value 

79.18 
2.58 
7. 18 

Pr > F 

. 0030 

. 206(1 

. 075 1 

Af ter propagation in WB medium each strain was then 

inoculated at .5, 1, 2, 5, and 9 ~~ (/~v ol/vol) into 
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Figure 7. Final optical density (480 run) in pH controlled whey
based medium after growth of ~· cremoris UC171 Prt+, UC171 Prt-, 
S. lactis UL7 Prt+ and UL7 Prt-. 
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Figure 8. Final lactate concentration in pH controlled whey-based 
medium after growth of S. cremoris UC171 Prt+, UC171 Prt-, S. lactis 
UL7 Prt+ and UL7 Prt-. -(See Table 22). 
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pasteurized 10% RNDM and incubated for 5 h. Initial, 

final cell concentration and total acid produced in 10% 

RNDM were estimated from optical density (OD(480 nm)) and 

pH measurments using prediction equations (figures 3 and 

4). 

The relationship between initial and final cell 

concentration (OD(480 nm)) of the strains after 5 h 

incubation at 38 C is shown in Figure 9. Though initial 

cell concentrations in milk were nearly equal, there were 

marked differences in growth between the Prt+ and Prt-

cul t ures. The growth rate (number of generations during 5 

h incubation) was calculated for each strain for each 

initial 10% RNDM concentration level (Figure 10). When 

initial cell numbers were approximately 2xl08 /mL 10% RNDM 

(the linear prediction equation in Figure 3 possibly 

overestimates cell concentration at the low end of the 

plot) the Prt+ strains doubled more rapidly during 5 h at 

38 C. These rates were reduced as initial cell 

concentrations approached 2x109 cells/ml. Prt+ strains 

approached the slow growth patterns of Prt- strains as 

initial cell concentration increased. 

Analysis of variance shows the effects of strain 

type, protease type and cell concentration to be 

significant on growth rate (Table 23). 
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Figure 9. Final cell concentrations (OD(480 nm)) in 10% RNDM of 
.§_. cremoris UC171 Prt+, UC171 Prt-, .§_. lactis UL7 Prt+, UL7 Prt
inoculated into 10% RNDM at different initial concentrations and 
incubated for 5 h at 38 C. Final 10% RNDM OD(480 nm) were approxi
mated by the equation: Final 10% RNDM OD(480 nm) = (A x initial 
10% RNDM OD(480 nrn))/(B +initial 10% RNDM OD(480 nm)). A and B 
coefficients were determined by aid of a computer (Table 25). 
Curves represent this approximation. 
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Figure 10. Number of generations during incubation (5 h, 38 C) 
of~· cremoris UC171 Prt+, UC171 Prt-, ~· lactis UL7 Prt+ and 
UL7 Prt- inoculated at different initial concentrations into 10% 
RNDM. CFU/mL 10% RNDM was estimated by 10% RNDM OD(480 nm) from a 
reference curve (Figure 3) 
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Table 23. Analysis of variance on growth rate of S. 
cremoris UC171 Prt+, UC171 Prt-, S. lactis UL7 Prt+-and 
UL7 Prt- at various initial conce"iitrations in 10% RNDM. 

Source DF Mean Square F Value Pr > F 

Strain 1 3.136 250.88 .0001 
Protease Type 1 5.929 474.32 .0001 
Concentration 4 .908 72.67 .0001 
Strain*Protease Type 1 1. 681 134.48 .0001 
Strain*Concentration 4 .355 28.43 .0001 
Protease Type*Conc. 4 .656 .52.47 .0001 
Strain*Prt Type*Conc. 4 .230 18.43 .0001 
Error 20 .0125 

R2=.987 

Also shown to be significant were the interactions shown 

in Table 23. Statistical analysis on the main effects of 

these four strains shows~ cremoris UC171 and Prt+ cells 

to have a significantly higher (alpha=.05) growth rate 

than S. lactis UL7 and Prt- cells, respectively (Table 

24). Cell concentration seemed to have an inverse 

relationship with cell growth rate (Table 24). 

Growth rate differences due to protease type were 

expected (23, 133) and reflects impaired ability of Prt-

cells to utilize milk protein (23, 41, 120). The inverse 

relationship between cell concentration and growth rate is 

probably due to higher cell numbers collectively producing 

sufficient lactic acid to inhibit cell growth (60) earlier 



Table 24. Effect of strain, protease type and initial 
cell concentration on growth rate. 
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----------------------------------------------------------
Parameter Mean 2 

----------------------------------------------------------
Strain 

UC 20 1. 67 a3 
UL 20 1.11 b 

Protease ~ 
Prt+ 20 1. 78 a 
Prt- 20 1. 01 b 

Concentration 4 

2.6-3.4 8 1. 70 a 
2 . 0-2.4 8 1. 58 b 
4.4-5.6 8 1. 54 b 
7.8 - 11.0 8 1. 29 c 

16.3-20.1 8 .85 d 

----------------- - -- - --- - - -- - -- - -- - -- - ---- - -~-- ~----- - ----

1 Number of measurements for the mean. 

2 Number of generations during a 5 h incubation at 38 C. 

3 LSD test. When two columns share the same letter they 
are not significantly different at alpha=.05. 

4 100 miilion CFU/mL 10%RNDM. 



than occurs in RNDM samples with lower initial cell 

concentrations. The higher growth rate of S. cremoris 

UC171 over S. lactis UL7 suggests possible growth rate 

differences among Prt+ strains and among Prt- strains 

themselves. 

The interaction effects are most easily seen in 
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graphs (figures 11, 12 and 13). A greater difference in 

growth rate appears to exist between the Prt+ and Prt

strain of S. cremoris UC171 than exists between the Prt+ 

and Prt- strain of S. lactis UL7 (Figure 11). This 

observation again suggests possible variations in growth 

rate among the strains themselves. This topic will be 

discussed shortly. 

When the initial cell concentration vs lactic strain 

type interaction was plotted, steadily decreasing growth 

rates seemed to follow increasing initial cell 

concentration (Figure 12). The lowest initial cell 

concentration of S. lactis UL7 was an exception. Growth 

rate of S. lactis UL7 never reached that of S. cremoris 

UC171 but also did not decrease as rapidly. 

The plot of initial cell concentration ~ protease 

type interaction on growth rate indicates a more uniform 

growth rate among Prt- cells than among Prt+ cells (Figure 

13). The dramatic decline in Prt+ cell growth rate is 

probably due to high acid concentrations. The Prt- cell 

initial concentration does not become sufficient to 
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Figure 11. Effect of lactic strain type vs protease type on growth 
rate. (See Figure 10). 
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Figure 12. Effect of lactic strain type vs initial cell concentration 
on growth rate . (See Figure 10) 
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Figure 13. Effect of protease type vs initial cell concentration 
on growth rate. (See Figure 10). ~ 
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produce inhibiting amounts of acid until initial cell 

concentration of 1.6 x 109 CFU/mL 10% RNDM is reached. 
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Foregoing results suggest possible differences in 

growth rate among the individual strains tested. A 

preferred evaluation method for growth rate would be based 

on actual initial cell concentration in the 10% RNDM 

rather than on estimation of cell concentration from 

percentage of added inoculum. The problem of equalizing 

initial concentrations in 10% RNDM among the strains could 

be solved by fitting a mathematical equation relating 

final cell concentration to intial cell concentration. 

Concern for tediously adjusting initial cell 

concentrations to achieve equality would thereby be 

eliminated. 

A hyperbolic regression equation was chosen to 

predict final cell concentration (OD(480 nm)) from initial 

cell concentration (OD(480 nm)). The equation Y = 

AxX/(B+X) was evaluated to see how well it would predict 

final cell concentration (Y) from initial cell 

concentration (X) in 10% RNDM. The A and B coefficients 

were estimated using the parametric curve fitting basic 

computer program of Ruckdeschel (136). Final cell 

concentration predicted from this equation is represented 

by the curves in Figure 9 and correlated well with actual 

measurements shown by the symbols (Figure 9). The 

estimated A and B coefficient values are listed (Table 



25). Also listed are correlation values for degree of 

fit. Standard deviation between predicted and actual 

final cell concentrations are given (Table 25). 
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It was possible to estimate initial individual strain 

cell concentration required to reach a target final cell 

concentration by setting Y (final cell concentration) at 

the target value (1.46 OD(480 nm)) and then solve for X 

(initial cell concentration (OD(480 nm)). One billion 

CFU/mL 10% RNDM is estimated by the target value 1.46 

OD(480 nm) (Figure 3). These predicted X values to reach 

the tar g et l evel were de r ived for ea c h strai n (Table 25 ) 

and were the basis for strain growth rate comparison . 

Significant differences in growth rate were found not only 

between protease types but among the four individual 

strains themselves (tables 26 and 27). 
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Table 2S. Coefficient values and standard deviation of 
fit between actual and predicted final optical density 
(OD(480 nm)) values. Strains compared were S. cremoris 
UC171 Prt+, UC171 Prt-, ~ lactis UL7 Prt+, UL7 Prt-. 
Strains originally were propagated in WB medium. Data was 
fitted to a curve described by the equation: final cell 
concentration in milk (OD(480 nm)) = (A x Initial cell 
concentration) I (B +Initial cell concentration). 
Initial concentration was also OD(480 nm). Refer to 
Figure 9 for a visual comparison of actual and predicted 
values. 

Coefficient Values 
Strain A B 

UC171 Prt+ S.312 .lSl 
*2 S.07S .128 

UCl 71 Prt- * 10.104 2.96S 
8.S61 2.443 

UL7 Prt+ 7.911 1. 600 
* 9.192 2.004 

UL7 Prt- 14.376 s. 12 7 

* 19.274 7.259 

SD 

.S48 

.32S 

.096 

. 177 

.3SO 

.149 

.181 

.090 

Predicted 
Initial OD 1 

.06 

.OS 

.so 

. so 

.36 

.38 

.S8 

.S9 

1 Initial cell concentration in 10% RNDM (OD(480 nm)) when 
final cell concentration in milk (OD(480 nm)) is set equal 
to 1.46 according to the equation : initial cell 
concentration (OD) = (Bxl.46) / (A-1.46). An OD of 1.46 
in the 10% RNDM used in thes9 experiments approximated a 
cell concentration of 1 x 10 CFU/ml RNDM. 

2 A and B coefficients used for prediction curves in 
Figure 9. 



102 

Table 26. Analysis of variance for required initial 
concentration in 10% RNDM of lactic strains originally 
propagated in WB medium to achieve a final cell 
concentration of 1.46 OD(480 nm) after 5 h incubation at 
38 c. 

Source DF Mean Square F Value Pr > F 

Strain 1 .0800 1066.67 .0001 
Protease Type 1 .2178 2904.00 .0001 
Strain*Prt Type 1 .0265 352.67 .0001 
Error 4 .000075 

2 R =.999 

Other lactic strains were evaluated for differences 

in growth rate using the curve-fitting method explained 

previously. Six Prt- strains were propagated concurrently 

and in duplicate in LABGRO medium. Coefficient estimates 

were derived and corresponding correlation values as 

measured by standard deviation are given in Table 28. 

Also given in Table 28 are the predicted initial cell 

concentrations to achieve the target final cell 

concentration of 1.46 OD(480 nm). Significant differences 

in growth rate were once again found among individual Prt-

lactic strains (tables 29 and 30). 
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Table 27. Initial concentrations (OD(480 nm)) of lactic 
strains in 10% RNDM required to achieve a final cell 
concentration of 1.46 OD(480 nm) after S h incubation at 
38 C. Strains were originally propagated in WB medium. 
Strains compared were~ cremoris UC171 Prt+, UC171 Prt-, 
S. lactis UL7 Prt+ and UL7 Prt-. All strains were run in 
duplicate. 

Strain 
Required Initial 
RNDM Cell Concentration 1 

UL7 Prt- .59 a 2 

UC171 Prt- .so b b 

UL7 Prt+ .37 c c 

UC171 Prt+ .06 d d 

1 Optical Density =((Absorbance at 480 nm (RNDM + 
culture)) - (Absorbance(RNDM)) x Dilution Factor. 

2 LSD test. When two means in a column share the same 
letter, they are not significantly different at alpha = 
. 05. 

3 Duncan's multiple range test. When two means in a 
column share the same letter, they are not significantly 
different at alpha = .OS. 
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Table 28. Coefficient values and standard deviation of 
fit between actual and predicted final optical density 
(OD(480 nm)) values. Strains compared were S. cremoris 
UC171, UC310, UC73, S. lactis UL7A, UL33 and-UL21A. All 
strains were Prt-. strains originally were propagated in 
LABGRO medium. Data was fitted to a curve described by 
the equation: final cell concentration in milk (OD(480)) = 
(A x Initial cell concentration (OD(480 nm)) I (B + 
Initial cell concentration (OD(480 nm)). 

Coefficient Values 
Strain A B 

UL7 A 3.382 . 965 
2.949 .723 

UL33 5.835 2 .536 
7 . 645 3.685 

UC! 71 3 . 496 1.125 
2.882 .853 

UC310 4.027 1.548 
5.075 2.308 

UC73 6.218 2.781 
5.700 1.893 

UL21A 4.970 1 . 1 0 l 
4.858 1.437 

SD 

. 128 

.065 

. 1 1 3 

. 050 

• 1 1 8 
.120 

.110 

.059 

.099 

. 12 7 

. 113 

.039 

Predicted 
Initial OD 1 

.73 
• 7 1 

. 8 5 

. 87 

. 81 

.88 

.88 

.93 

.85 

.65 

.46 

.62 

1 Initial cell concentration in 10% RNDM (OD(480 nm)) when 
final cell concentration in milk (OD(480 nm)) is set equal 
to 1.46 according to the equation : initial cell 
concentration (OD(480 nm)) = (Bxl.46) / (A-1.46). An 
OD(480 nm) of 1.46 in the 10% RNDM used in these 
experiments approximated a cell concentration of 1 x 109 

CFU/mL RNDM. 
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Table 29. Analysis of variance for required initial 
concentration in 10% RNDM of lactic strains originally 
propagated in LABGRO medium to achieve a final cell 
concentration of 1.46 OD(480 nm) after 5 g incubation at 
30 c. 

Source 

Strain 
Error 

DF 

5 
6 

Mean Square 

.0351 

.0062 

R2=.826 

F value Pr > F 

5.71 .0279 

The analysis of variance F value on these six strains 

(Table 29) was markedly lower than the F value on the 4 

strains propagated in pH controlled whey-based medium 

(Table 26) which suggests possible greater sensitivity to 

detecting culture growth rate differences when pH 

controlled whey-based medium is used to propagate cultures 

rather than LABGRO medium. 

Differences among strain growth rate (number of 

generations in 5 h) for 4 lactic strains were noted when 

the strains were inoculated at various initial 

concentrations (tables 23 and 24). Also differences among 

strain growth rates (initial RNDM concentration required 

to reach 1.46 OD(480 nm) in 5 h) were also noted when the 

4 strains were inoculated at various initial 

concentrations into 10% RNDM (tables 26 and 27). The 
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Table 30. Initial concentrations (OD(480 nm)) in 10% RNDM 
required to achieve a final cell concentration of 1.46 
(optical density units) after 5 h incubation at 30 C. 
Strains were originally propagated in LABGRO medium. 
Strains compared were S. cremoris UC171, UC310, UC73, and 
~ lactis UL7A, UL21A,~nd UL33. All strains were Prt-. 
All strains were run in duplicate. 

Strain 
Required Initial 
RNDM Cell Concentration 1 

UC310 • 9 1 a2 a3 

UC33 .86 a a 

UC171 .85 a a 

UC73 .75 a a 

UL7A .72 a b a b 

UL21A .54 b b 

1 Optical Density = ((Absorbance at 480 nm (RNDM + 
culture)) - ((Absorbance(RNDM)) x Dilution Factor. 

2 LSD test. When two means in a column share the same 
letter, they are not significantly different at alpha = 
• 05. 

3 Duncan's multiple range test. When two means in a 
column share the same letter, they are not significantly 
different at alpha = .05. 
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latter method is the more realistic for strain evaluation 

for cheese oaking since approximately lxl0 9 cells/ g cur d 

exist at packing. These apparent differences amon g 

strains in growth rate may be due to differing proteolytic 

capabilities. Different proteolytic capabilities have 

been observed by Exterkate in lactic cultures (42). 

Observations that proteolytic capabilities are 

plasmid-linked (31, 39, 98) and the observation of Davies 

et al. (32) and Yu et al. (179) on the presence of 

multiple and differentiable plasmids in lactic strai~s 

su ggest a relationship between proteolytic enzyrae encodin s 

plasmid genes and cell growth rate. This possibility 

should be i nvesti gat e d by running a p l asmid profile on 

each of these strains tested to see how plasmid content 

and g rowth rate correlate. A hi g h correlation would 

suggest the possibility of stabilizing g ro wth rate of the 

particular strain through incorporation of the plasmid(s) ' 

genes of interest into the bacterial chroooso me . 

Effect of Initial Concentration 
and Strain ~ on Cellular 
Acid Production 

Figure 14 shows the relationship between initial cell 

concentration and the amount of lactic acid produced by 

each strain during 5 h incubation at 38 C. At 

approximately equal initial cell concentrations, there 

were marked differences in acid production capability 
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Figure 14. Lactic acid produced in 10% RNDM by ~· cremoris UC171 
Prt+, UC171 Prt-, S. lactis UL? Prt+, UL? Prt- inoculated into 
10% RNDM at different concentrations and incubated for 5 h at 38 C. 
Final lactic acid concentration (mg/mL 10% RNDM) was approximated by 
the equation: mg lactic acid/mL 10% RNDM = (A x initial 10% RNDM OD 
(480 nm))/(B +initial 10% RNDM 00(480 nm)). A and B coefficients 
were determined by aid of a computer (Table 33). Curves represent 
this approximation. 
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between the Prt+ and Prt- cultures (Figure 14). Cellular 

acid production (pg lactic acid produced per cell during 5 

h incubation at 38 C per cell) relative to initial cell 

concentration was calculated (Figure 15). When initial 

cell concentration in the RNDM was approximately 2xl08 

cells/mL 10% RNDM (the linear prediction equation in 

Figure 3 possibly overestimates cell concentration at the 

lower end of the plot), the Prt+ cells produced 

significantly higher quantities of lactic acid per cell. 

However, these differences diminished as initial cell 

concentrations were increased to 2xl09 cells/ml RNDM. 

Greater uniformity of cellular acid production rate of 

Prt- strains over the Prt+ strains was evident. 

Analysis of variance shows the effects of strain, 

protease type and cell concentration to be significant on 

cellular acid production (Table 31). 



Table 31. Analysis of variance on cellular acid 
production of S. cremoris UC171 Prt+, UC171 Prt-, S. 
lactis UL7 Prt+-and UL7 Prt- at various initial 
concentrations in 10% RNDM. 

Strain DF Mean Square F Value 

Strain 1 3.969 122.12 
Protease Type 1 20.736 638.03 
Concentration 4 3.394 104.42 
Strain*Protease Type 1 .049 1. 51 
Strain*Concentration 4 .207 6.35 
Protease Type*Conc. 4 2.104 64.72 
Strain*Prt Type*Conc. 4 .432 13.28 
Error 20 .0325 

2_ R -.987 

Also shown to be significant were all interactions 

except strain*protease type. 
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Pr > F 

.0001 

.0001 

.0001 

.2337 

.0018 

.0001 

.0001 

Statistical analysis of these four strains shows S. 

cremoris UC171 and Prt+ cells to have significantly higher 

(alpha=.05) cellular acid production rates than S. lactis 

UL7 and Prt- cells, respectively (tables 31 and 32). Cell 

concentration seemed to have an inverse relationship with 

cellular acid production rate. The effects of lactic 

strain type, protease type and initial cell concentration 

on cellular acid production rate and growth rate follow 

similar patterns. This is probably due to acid production 

being generally coupled to growth rate. The higher 

cellular acid production rate of~ cremoris UC171 over S. 



Table 32. Effect of strain, protease type and initial 
cell concentration on cellular acid rate. 
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----------------------------------------------------------
Parameter Mean 2 

----------------------------------------------------------
Strain 

UC 20 2.94 a3 
UL 20 2.32 b 

Protease .Ir..££ 
Prt+ 20 3.35 a 
Prt- 20 1. 91 b 

Concentration 4 

2.6-3.4 8 3.15 a 
2.0-2.4 8 3.08 b 
4.4-5 . 6 8 2.95 b 
7.8-11.0 8 2 .38 c 

16.3-20.1 8 1. 60 d 

----------------------------------------------------------
1 Number of measurements for the mean. 

2 pg lactic acid produced per cell during 5 h incubation 
at 38 C. 

3 LSD test. When two columns share the same letter they 
are not significantly different at alpha=.05. 

4 100 million CFU/mL 10%RNDM. 
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lactis UL7 suggests possible differences in cellular acid 

production rate among individual strains. 

The interaction effects on cellular acid production 

rate are portrayed (figures 16, 17 and 18). A uniform 

pattern of cellular acid production rate is evident 

between protease and lactic strain types (Figure 16). 

Possible variations in cellular acid production rates 

exist among the individual strains. This topic will be 

further discussed shortly. 

When the initial cell concentration vs lactic strain 

type interaction was plotted, steadily decreasing growth 

rates generally followed increasing cell concentrations 

(Figure 17). Evidences of differing cellular acid 

production rates were seen among lactic strain types. 

The plot of initial cell concentration vs protease 

type interaction on cellular acid production rate 

indicates a more uniform rate among Prt- cells than among 

Prt+ cells (Figure 18). The dramatic decline in Prt+ 

cellular acid production rate as initial cell 

concentration increases is probably due to 

growth-inhibiting acid concentrations occurring sooner in 

the 5 hour incubation period. A condition of more cells 

producing less acid therefore develops. Up to an initial 

concentration of about 1 billion cells/mL 10% RNDM, Prt

cells produce almost one half as much acid as do Prt+ 

cells on a cellular basis. 
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Above results suggest possible differences in 

cellular acid production rates among individual strains 

tested. The curve-fitting method previously used to 

evaluate differences in growth rate among lactic strains 

was modified to evaluate differences of acid production 

rate. 

The equation, Y = AxX/(B+X) was evaluated to see how 

well it would predict final acid concentration (mg lactic 

acid/mL 10% RNDM) (Y) from initial cell concentration 

(OD(480 nm)) (X). Lactic acid concentration in 10% RNDM 

was predicted from p H b y a prediction equation (Figure 4 ) . 

The A and B coefficients were estimated by Ruckdeshel's 

parametric curve-fitting basic program (136) as previously 

explained. Final lactic acid concentrations in 10% RNDM 

predicted from these equations are represented by the 

curves in Figure 14 and correlated well with actual 

measurements shown by the symbols (Figure 14). The 

estimated A and B coefficient values are listed along with 

their standard deviations (Table 33). 

It was possible to estimate initial strain cell 

concentration required to reach a target final acid level 

in 10% RNDM by setting Y (mg lactic acid/mL 10% RNDM) 

equal to the target level (2.5 mg lactic acid/mL 10% RNDM) 

and then solve for X (initial cell concentration as 

measured by OD(480 nm). 2.5 mg lactic acid/mL 10% RNDM 

corresponded to a 10% RNDM pH of 5.4 (Figure 4). These 
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Table 33. Coefficient values and standard deviation of 
fit between actual and predicted final acidity values (mg 
lactic acid/mL 10% RNDM). Strains compared were S. 
cremoris UC171 Prt+, UC171 Prt-, ~ lactis UL7 Prt+ and 
UL7 Prt-. Strains originally were propagated in WB 
medium. Data was fitted to a curve described by the 
equation: final cell concentration in milk (OD(480 nm)) = 
(A x Initial cell concentration (OD(480 nm))) I (B + 
Initial cell concentration (OD(480 nm))). Refer to Figure 
14 for a visual comparison of actual and predicted values. 

Strain 

UCl 71 Prt+ *2 

UCl 71 Prt-

* 
UL7 Prt+ 

* 

UL7 Prt- * 

Coefficient Values 
A B 

4.375 .0447 
4.380 .056 

6.361 1.421 
5. 611 1 . 1 6 1 

5.629 .569 
5.782 .603 

5.230 1.789 
5.264 1.843 

SD 

. 1 7 1 

.278 

.214 

.163 

.289 

.201 

.028 

.098 

Predicted 
Initial ODl 

.06 

.07 

.92 

.93 

.45 

.46 

1. 64 
1. 6 7 

1 Initial cell concentration in 10% RNDM (OD(480 nm)) when 
final acidity in 10% RNDM is set equal to 2.5 according 
to the equation : initial cell concentration (OD(480 nm)) 
= (Bx2.5) I (A-2.5). An acidity of 2.5 mg lactic acid/mL 
10% RNDM used in these experiments approximated a pH of 
5. 4. 

2 A and B coefficients used for prediction curves in 
Figure 14. 
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predicted X values were determined for each strain (Table 

33) and were the basis for strain acid production rate 

comparison. 

Significant differences in acid production rates were 

found not only between protease types but also among 

individual strains themselves (tables 34 and 35). 

Table 34. Analysis of variance for required initial 
concentration in 10% RNDM of lactic strains originally 
propagated in WB medium to achieve a final acidity of 2.5 
mg lactic acid/mL 10% RNDM after 5 h incubation at 38 C. 

Source DF Mean Square F Value Pr > F 

Strain 1 .6272 4181.33 .0001 
Protease Type 1 2.1218 14145.33 .0001 
Strain*Prt Type 1 .0578 385.33 .0001 
Error 4 .00015 

2 R =.999 

Of the four strains tested, ~ cremoris UC171 Prt+ 

required the least initial cell concentration in 10% RNDM 

and S. lactis UL7 Prt- required the greatest initial cell 

concentration to produce the same amount of acid (Table 

35). These results were confirmed by a separate 

experiment wherein these same strains were individually 

propagated in LABGRO medium, inoculated into 10% RNDM and 

incubated at 30 C. The same strain order for acid 
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Table 35. Initial concentrations (OD(480 nm)) of lactic 
strains in 10% RNDM required to achieve a final acidity of 
2.5 mg lactic acid/mL 10%RNDM after 5 h incubation at 38 
C. Strains were originally propagated in WB medium. 
Strains compared were~ cremoris UC171 Prt+, UC171 Prt-, 
S. lactis UL7 Prt+ and UL7 Prt-. All strains were run in 
duplicate. 

Strain 
Required Initial 
RNDM Cell Concentration 1 

UL7 Prt- 1.66 a 2 

UC171 Prt- .93 b b 

UL7 Prt+ .46 c c 

UC171 Prt+ .07 d d 

1 Optical Density = ((Absorbance at 480 nm (RNDM + 
culture)) - ((Absorbance(RNDM)) x Dilution Factor. 

2 LSD test. When two means in a column share the same 
letter, they are not significantly different at alpha = 
.05. 

3 Duncan's multiple range test. When two means in a 
column share the same letter, they are not significantly 
different at alpha = .05. 
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Figure 19. A preliminary study of required initial cell concentra
tions of Prt- lactic streptococci required in 10% RNDM to produce 1.1 
mg lactic acid / rnL 10% RNDM after 5 h incubation at 38 C. UL strains 
are S. lactis and UC strains are S. cremoris. Required initial 
concentrations were predicted as were predictions in Table 33 . Because 
predicted initial concentrations listed in this table were not 
replicated, no statistical comparisons can be made. 
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production and growth rate was observed in Table 35 (Table 

36). 

Other lactic strains were evaluated for differences 

in acid production rate using the curve-fitting method of 

Ruckdeschel (136). A preliminary evaluation of acid 

production rate among collected Prt- strains was desired. 

Since this was a preliminary investigation replicates were 

not performed. Apparent differences in acid production 

rates among strains tested was observed (Figure 19) but 

not statistical inference can be drawn. 

Six strains were selected for further evaluation. 

They were chosen from both the low and high ends of the 

spectrum (Figure 19). They were propagated concurrently 

and in duplicate in LABGRO medium. The A and B 

coefficient values were estimated and correlation values 

as measured by standard deviation are given in Table 37. 

Also given are the predicted initial cell concentrations 

to achieve the target final acid concentration (2.5 mg 

lactic acid/mL 10% RNDM). Significant differences in acid 

production rates were once again found among individual 

Prt- lactic strains (tables 38 and 39). 
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Table 36. Growth and acid production in 10% RNDM of S. 
cremoris UC171 Prt+, UC171 Prt-, ~ lactis UL7 Prt+ and 
UL7 Prt-. Lactic strains were initially grown in LABGRO 
medium prior to 10% inoculation into 10% RNDM. Lactic 
strains were incubated at 30 C until 10% RNDM pH reached 
5.4. Incubation of S. lactis UL7 Prt+ was not terminated 
until RNDM pH had reached 5.2. 

Strain 

UC171 
Prt+ 

UC171 
Prt-

UL7 
Prt+ 

UL7 

Initial 
RNDM 

OD(480 nm) 1 

1.0 

1.0 

1.1 

1. 5 

Time to 
Reach pH 
5.4 (min) 

130 

234 

165 

258 

Final 
RNDM 

OD(480 nm) 

2.7 

2.0 

3.6 

1. 8 

Generation 
Time (h) 

1. 4 

3.6 

1. 5 

1 5. 1 

1 OD(480 nm) 10% RNDM = ((Absorbance at 480 nm 
(medium+culture))-((Absorbance at 480 nm (medium)) x 
Dilution Factor. 
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Table 37. Coefficient values and standard deviation of 
fit between actual and predicted final acidity values. 
Strains compared were~ cremoris UC171, UC310, UC73, ~ 
lactis UL7A, UL33 and UL21A. All strains were Prt-. 
Strains originally were propagated in LABGRO medium. Data 
was fitted to a curve described by the equation: final 
cell concentration in milk (OD(480 nm)) = (A x Initial 
cell concentration (OD(480 nm))) I (B + Initial cell 
concentration (OD(480 nm)). 

Coefficient Values 
Strain A B 

UL7A 12.323 2.665 
7.440 1. 311 

UL33 9.254 3.555 
9.724 4.569 

UC171 11.913 3.013 
11.073 2.579 

UC310 22.668 7.051 
24.730 7.082 

UC73 29.077 9.005 
25.967 5.932 

UL21A 11. 698 2.040 
28.437 8.101 

SD 

.176 

.051 

.182 

.084 

.137 

.179 

.177 

.257 

.224 

.227 

.157 

.167 

Predicted 
Initial OD 1 

.68 

.66 

1. 32 
1. 58 

.80 

.75 

.87 

.80 

.85 

.63 

.55 

.78 

1 Initial cell concentration in 10% RNDM (OD(480 nm)) when 
final acidity in 10% RNDM is set equal to 2.5 mg lactic 
acid/mL 10% RNDM according to the equation : initial cell 
concentration (OD(480 nm)) = (Bx2.5) I (A-2.5). An 
acidity of 2.5 mg lactic acid/mL 10% RNDM used in these 
experiments approximated a pH of 5.4. 
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Table 38. Analysis of variance for required initial 
concentration in 10% RNDM of lactic strains originally 
propagated in LABGRO medium to achieve a final acidity of 
2.5 mg lactic acid/mL 10% RNDM after 5 h incubation at 30 
c. 

Source 

Strain 
Error 

DF 

5 
6 

Mean Square 

.1778 

.0147 

2 R =.910 

F Value 

12.07 

The majority of strains were found not to be 

Pr > F 

.0044 

significantly (alpha=.05) different in acid produ c tion 

rate. The same ranking among these 6 strains for 

significant (alpha=.05) acid production rates was observed 

(Figure 43) as observed in the preliminary investigation 

(Figure 19). The analysis of variance F value on these 

six strains (Table 38) was markedly lower than the F value 

on the 4 strains propagated in pH controlled whey-based 

medium (Table 34) again suggesting the apparent greater 

sensitivity of WB medium over LABGRO medium for this type 

of analysis. 

Variability in lactic acid production rates among 

lactic strains may be plasmid linked. Evidence suggests 

lactose metabolism in some lactic cultures is plasmid 

linked (39). Degrees of acid production rates among 
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Table 39. Initial concentrations (OD(480 nm)) in 10% RNDM 
required to achieve a final acidity of 2.5 mg lactic 
acid/mL 10%RNDM after 5 h incubation at 30 C. Strains 
were originally propagated in LABGRO medium. Strains 
compared were S. cremoris UC171, UC310, UC73, and S. 
lactis UL7A, UL21A, and UL33. All strains were Prt=". 
All strains were run in duplicate. 

Strain 
Required Initial 
RNDM Cell Concentration 1 

UL33 1. 45 a2 a3 

UC310 .84 b b 

UC171 .78 b b 

UC73 .74 b b 

UL7A .67 b b 

UL21A .67 b b 

1 Optical Density = ((Absorbance at 480 nm (RNDM + 
culture)) - ((Absorbance(RNDM)) x Dilution Factor. 

2 LSD test. When two means in a column share the same 
letter, they are not significantly different at alpha = 
• 0 5. 

3 Duncan's multiple range test. When two means in a 
column share the same letter, they are not significantly 
different at alpha = .OS. 
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different plate isolates from the sar.ie "pure culture" have 

been observed (90). Are these apparent differences in 

acid production rates explained by apparent differences in 

growth rate which have been previously noted ? Would the 

same number of cells of different cultures produce the 

same amount of acid given uniform incubation conditions ? 

To answer the above questions significant differences 

in the activity/growth rate ratio were investigated. 

Activity/growth ratio is the initial cell concentrat ion 

required fo r the particular strain to produce 2 . 5 ms 

lactic acid/ mL 10% RNDM in 5 h over the initial cell 

conc e ntration required to achieve an OD(4 8 0 nm) of 1. 46 i n 

the same 10% RNDi'i in 5 h. This ratio should remain 

uniform from strain to strain if the same number of cells 

of different cultures do indeed produce the same a n ount of 

acid given uniform incubation conditions. Signif icant 

differences in the activity/growth rate ratio were found 

among \VB propagaed strains (IL_ cremoris UC171 Prt+, UC 171 

Prt-, S. lactis UL7 Prt+ and UL7 Prt-) (tables 40 and 41). 

Individual cells of S. lactis UL7 Prt- produce acid at a 

statistically slower rate than do cells of S. cremoris 

UC171 Prt- (tables 40 and 41). 
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Table 40. Analysis of variance for activity/growth rate 
ratio (initial cell concentration required for the 
particular strain to produce 2.5 mg lactic acid/mL 10% 
RNDM in 5 h over the initial cell concentration required 
to achieve an OD(480 nm) of 1.46 in the same 10% RNDM in 5 
h). ~ cremoris UC171 Prt+, UC171 Prt-, ~ lactis UL7 
Prt+ and UL7 Prt- propagated in WB medium were evaluated. 

Source DF Mean Square F Value Pr > F 

Strain 1 2.531 126.55 .0004 
Protease type 1 .510 25.50 .0070 
Strain*Type 1 .450 22.50 .0090 
Error 4 .020 

R2--.977 

Differences in the activity/growth ratio among the two 

Prt+ strains tested are not statistically confirmed but 

appear to exist (tables 27 and 35). 

Significant differences were also found in 

activity/growth rate ratio among the 6 LABGRO propagated 

Prt- strains (~ cremoris UC171, UC73, Uc310, S. lactis 

UL33, UL7A and UL21A). Individual cells S. lactis UL33 

Prt- produce acid at a statistically slower rate 

(alpha=.05) than do all other Prt- strains tested (tables 

42 and 43). Individual cells of S. lactis UL21A produces 

acid at a statistically slower rate than other compared 

strains except for~ lactis UL33 (tables 42 and 43). 
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Table 41. Activity/ growth rate (ratio (initial cell 
concentration required for the particular strain to 
produce 2.5 mg lactic acid/mL 10% RNDM in 5 h over the 
initial cell concentration required to achieve an OD(480 
nm) of 1.46 in the same 10% RNDM in 5 h). S. cremoris 
UC171 Prt+, UC171 Prt-, S. lactis UL7 Prt+ and UL7 Prt
propagated in WB medium were evaluated. Means are 
duplicate averages. 

Strain Activity/Growth Rate Ratio 

UL7 Prt- 2.83 a 1 

UC171 Prt- 1.85 b 

UL7 Prt+ 1.23 c 

UC171 Prt+ 1.20 c 

1 When two means in a column share the same letter, they 
are not significantly different at alpha=.05, Duncan's 
multiple range test. 
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Table 42. Analysis of variance for activity/growth rate 
ratio (initial cell concentration required for the 
particular strain to produce 2.5 mg lactic acid/mL 10% 
RNDM in 5 h over the initial cell concentration required 
to achieve an OD(480 nm) of 1.46 in the same 10% RNDM in 5 
h). All evaluated strains were Prt-. S. cremoris UC171, 
UC73, UC310, S. lactis UL33, UL7A and UI21A propagated in 
LABGRO medium-;ere evaluated. 

Source 

Model 
Error 

DF 

5 
6 

Mean Square 

.1853 

. 0095 

2_ 4 R -.9 2 

F Value Pr > F 

19.53 .001 2 

These results suggest that the same number of cells 

of different cultures do not necessarily produce the same 

amount of acid during the same time period given uniform 

incubation conditions. These observations may find 

application in the cheese industry. Cheese plants 

interested in the exclusive use of Prt- cultures for 

cheese production (133) may use Prt- strains with a higher 

cellular acid production rate to cut down on bulk media 

costs. Bacteriophage and antibiotic milk problems would 

diminish (45) and improvements in yield (115) and flavor 

(102) might come about. Cheese ripening time might be 

shortened by using ~ lact i s UL33 Prt- or UL7 Prt- which 

have much lower cellular acid production rates. Higher 
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Table 43. Activity/ growth rate ratio (initial cell 
concentration required for the particular strain to 
produce 2.5 mg lactic acid/mL 10% RNDM in 5 h over the 
initial cell concentration required to achieve an OD(480 
nm) of 1.46 in the same 10% RNDM in 5 h). All strains 
evaluated were Prt-. S. cremoris UC171, UC310, UC73, S. 
lactis UL33, UL7A and UL21A were LABGRO propagated and~ 
evaluated. Means are duplicate averages. 

Strain Activity/Growth Rate Ratio 

UL33 1.69 al 

UL21A 1.23 b 

UC7 3 0 . 99 c 

UL7A 0.93 c 

UC310 0.93 c 

UC171 0.92 c 

1 When two means in a column share the same letter, they 
are not significantly different at alpha=.05, Duncan's 
multiple range test. 
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cell concentrations in milk could exist while acid control 

can still be maintained. The presence of higher cell 

concentration might speed the ripenin g process. 

Due to their apparent strin gent re qu irement for amino 

acids and peptides, h lactis UL7 Prt- anti UL33 Prt- were 

chosen as test strains for evaluation of yeast 

autolysates, yeast extracts and protein hydrolysates. 

Eva luation of Yeast Products for Incorporation 

into Lactic Culture Bulk >Iedia 

S timulatory properties of commercial yeast 

autolysates and yeast extr a cts were evaluated usin g LABGRO 

medium. There were si g nificant differences among 

commercial yeast products in stimulating grow th of t l1e 

test strain, S . lactis UL 7, ?rt- (tables 44 and 45) . 

Table 44. Analysis of variance on growth of h lactis UL7 
Prt- in LABGRO medium with different brands of co~rnercial 

yeast extracts or yeast autolysates. 

Source 

Brand 
Error 

DF 

1 1 
12 

Mean Square 

25.59 
.43 

2 R =.9 82 

F Value p > F 

59.23 .0001 
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Table 45. Formal titration, absorbance index, and lactic 
streptococcal growth measurements on various commercial 
yeast extracts and yeast autolysates. ~ lactis UL7 Prt
was inoculated, 1% into LABGRO medium plus 0.5% of 
respective yeast products (YA=yeast autolysate, YE=yeast 
extract) and incubated 19 h at 27 C. 

Product Type 
Formal 

Titration 
Absorbance 

Index OD(480 nm) 1 

----------------------------------------------------------
Product YE 6.2 14.85 a2 
2313 

BBL YE 5.2 14. 15 a 

AYE 2312 YE 1. 7 6.4 13.40 ab 

Ardamine Yes YE 1. 6 5.0 1 2. 15 be 

Amberex 1003 YE 1. 3 4.8 11. 10 cd 
lot B 8144 

AYS YA 2.5 7. 1 10.80 cd 

ZYest 70H YA 1. 4 5.6 10.10 d 

Prymex 212 YE 1. 5 5.2 9.90 d 

Amberex 1003 YE 4.8 8.30 e 
lot B 1020 

Amberex 1003 YE 1. 3 5.0 7.70 ef 
lot B 1073 

Amberex 1400 YA 4.6 6.50 f 

EP 440 YA 0.8 3.8 2.20 g 

1 19 h optical density(480 nm)of lactic strain in LABGRO 
medium. OD(480 nm) = ((Absorbance at 480 nm (medium + 
culture)) - ((Absorbance at 480 nm (medium)) x Dilution 
Factor. 
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There were also significant differences amon3 different 

lots of the same brand (Amberex 1003). Yeast extracts 

contain no yeast cell wall materials whereas yeas t 

autolyzates do. Yeast extracts are g enerally more 

stimulatory than yeast autolysate (tables 44 and 45). 

Beer yeast extracts and autolysates (Product 2313, AYE 

2312, Amberex 1003, Amberex 1400, Prymex 212 (half 

brewer's yeast extract and half baker's yeast extract) 

were all statistically more stimulatory than the 

autolysate of~ fragilis ( EP 440) (tables 44 and 45). 

Formal titration and absorbance index of yeast 

products were evaluated to assess culture stimulatory 

properties of yeast products. The formal titr at ion me thod 

quantitates free X-amino groups and thereby indicate s 

extent of protein hydrolysis (110). S timulatory yeast 

autolysates contain more peptides and amino acids (du e to 

yeast autolyzing enzymes hydrolyzing yeast protein) which 

stimulate greater lactic culture g rowth. Ultraviolet 

absorbance at 260 nm (absorbance index) measures 

extracellular nucleic acid levels and also indicates the 

presence of peptides and amino acids since nucleic acids 

are released along with peptides and amino acids from t he 

yeast cell during autolysis (55, 56). 

Use of absorbance index to estimate lactic culture 

grow th stimulating properties of yeast extracts and yeast 

autolysates was investi ga ted (Table 45). 
' ) 

A low P.."- value 
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was shown between absorbance index and lactic culture 

growth stimulation given by yeast extracts and yeast 

autolysates grouped together (tables 46, 47 and Figure 

20). R2 did not improve when absorbance index was 

correlated to yeast extracts alone (tables 48, 49 and 

Figure 21). A much higher R2 was achieved when absorbance 

index was correlated to yeast autolysates (tables 50, 51 

and Figure 22). 

Use of formal titration to estimate lactic culture 

growth stimulating properties of yeast extracts and yeast 

autolysates was investigated (Table 45). A low R2 value 

was shown between formal titration and lactic culture 

.growth stimulated by yeast extracts and yeast autolysates 

grouped together (tables 52, 53 and Figure 23). A 

markedly improved R2 was achieved when formal titration 

was correlated to yeast extracts alone (tables 54, 55 and 

Figure 24). Similarly, a high R2 was shown when formal 

titration was correlated to yeast autolysates (tables 56, 

57 and Figure 25). 

Absorbance index could evaluate yeast autolysates to 

be incorporated into lactic culture bulk media. Relative 

growth stimulating properties of different lots could 

quickly be screened. Formal titration could evaluate 

yeast extracts and yeast autolysates to be incorporated 

into lactic culture bulk media. More efficient yeast 

product evaluation could be achieved with the absorbance 
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Table 46. Analysis of variance for absorbance index and 
stimulatory properties of yeast extracts and yeast 
autolysates. 

Source 

Model 
Error 

DF 

1 
10 

Mean Square 

64.00 
7.68 

2 R =.455 

F Value Pr > F 

8.34 .0162 

Table 47. Regression analysis of absorbance index and 
stimulatory properties of yeast extract and yeast 
autolysate. 

Parameter 

Intercept 
Absorbance 

index 

Estimate 

-4.236 

2.698 

Std Error of 
Estimate 

5.025 

.935 

T for HO 
Parameter = 0 

-0.843 

2.887 

Pr > )T( 

.4189 

.0162 



137 

II 

D I c 
~/ 

D I 
D I 

I D 
m do 

~ I 
c 

/~o 0 a ~ 

~ 
Q I 0 

I D 
& 

2 c 

O-t-~~~-r-~~~...-~~~....-~~--.~~~---~~~--

2 4 5 I 7 I 
ABSORBANCEINDEX 

Figure 20. Linear regression of absorbance index of different brands 
(or different lots of the same brand) of yeast extracts and yeast 
~utolysates incorporated in LABGRO medium and growth of S. lactis 
UL7 Prt- in LABGRO medium. (See tables 46 and 47). 
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Table 48. Analysis of variance for absorbance index and 
stimulatory properties of yeast extracts. 

Source 

Model 
Error 

DF 

1 
6 

Mean Square 

22.16 
4.58 

2 R =.446 

F Value Pr > F 

4.84 .0702 

Table 49. Regression analysis of absorbance index and 
stimulatory properties of yeast extract. 

Parameter 

Intercept 
Absorbance 

index 

Estimate 

-3.769 

2.857 

Std Error of 
Estimate 

6.959 

1.299 

T for HO 
Parameter = 0 

-0.542 

2.199 

Pr > \T/ 

.6076 

.0702 
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Figure 21. Linear regression of absorbance index of different brands 
(or different lots of the same brand) of yeast extracts incorporated 
in LABGRO medium and growth of S. lactis UL? Prt- in LABGRO medium. 
(See tables 48 and 49) 
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Table 50. Analysis of variance for absorbance index and 
stimulatory properties of yeast autolysates. 

Source 

Model 
Error 

DF 

1 
2 

Mean Square 

39.18 
3.89 

R2=.834 

F Value Pr > F 

10.08 .0866 

Table 51. Regression analysis of absorbance i ndex and 
stimulatory properties of yeast autolysates. 

Parameter 

Intercept 
Absorbance 

index 

Estimate 

-6.029 

2.541 

Std Error of 
Estimate 

4.336 

0.801 

T for HO 
Parameter = 0 

-1.390 

3.174 

P r > IT/ 

.2 9 90 

.0866 
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Figure 22. Linear regression of absorbance index of different brands 
of yeast autolysates incorporated in LABGRO medium and growth of S. 
lactis UL7 Prt- in LABGRO medium. (See tables 50 and 51). 
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Table 52. Analysis of variance for formol titration and 
stimulatory properties of yeast extracts and yeast 
autolysates. 

Source 

Model 
Error 

DF 

1 
6 

Mean Square 

34.16 
8.31 

2_ 4 R -. 07 

F Value Pr > F 

4. 11 .0889 

Table 53. Regression analysis of formol titration and 
stimulatory properties of yeast extracts and yeast 
autolysates. 

Parameter 

Intercept 
Formal 
Titration 

Estimate 

2.729 

4.580 

Std Error of 
Estimate 

3.565 

2.259 

T for HO 
Parameter = 0 

.766 

2.028 

Pr > \Tl 

.4729 

.0899 
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Figure 23. Linear regression of formal titration of different 
brands (or different lots of the same brand) of yeast extracts and 
yeast autolysates incorporated in LABGRO medium and growth of S. 
lactis Prt- in LABGRO medium. (See tables 52 and 53). 
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Table S4. Analysis of variance for formal titration and 
stimulatory properties of yeast extracts. 

Source 

Model 
Error 

DF 

1 
4 

Mean Square 

73.68 
2.12 

2 R =.897 

F Value Pr > F 

34.78 .0041 

Table SS. Regression analysis of formol titration and 
stimulatory properties of yeast extracts. 

Parameter 

Intercept 
Formal 
Titration 

Estimate 

-6.973 

11. 981 

Std Error of 
Estimate 

2.839 

2.032 

T for HO 
Parameter = 0 

- 2 .4S6 

S.897 

Pr > \T/ 

.0700 

.0041 
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Figure 24. Linear regression of formol titration of different brands 
(or different l ots of the same brand) of yeast extracts incorporated in 
LABGRO medium and growth of S. lactis UL? Prt- in LABGRO medium. 
(See tables 54 and 55) . 
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Table 56. Analysis of variance for formol titration and 
stimulatory properties of yeast autolysates. 

Source 

Model 
Error 

DF 

1 
1 

Mean Square 

.439 

.026 

2 R =.944 

F Value Pr > F 

16.92 .1518 

Table 57. Regression analysis of formol titrat i on and 
stimulator y properties of yeast autolysates. 

Parameter 

Intercept 
Formol 
Titration 

Estimate 

8.864 

.770 

Std Error of 
Estimate 

.350 

.187 

T for HO 
Parameter = 0 

25.350 

4.114 

Pr > \Tl 

.0251 

.1518 
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Figure 25. Linear regression of formol titration of different brands 
of yeast autolysate incorporated in LABGRO medium and growth of S. 
lactis Prt- in LABGRO medium. (See tables 56 and 57). 
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index and formal titration methods over the 

microbiological growth measurements in LABGRO medium. 

These measurements take minutes to run whereas at least 19 

hours is required for microbiological growth measurements. 

Activity tests require a total of about 24 hours and plate 

counts require about 43 hours. Respective coefficients of 

variation (C.V) for 4 of these five methods are given in 

Table 58. 

Better repeatability for sample measurement was shown 

for absorbance index and formol titration as evidenced b y 

lower coefficients of variation (Table 58). Note the 

lower coefficient of variation for optical density 

measurements in LABGRO medium compared to the plate 

counting method (Table 58). 

Conditions for autolysis were imposed on an 18% 

(dried active) baker's yeast mixture. Autolysis 

conditions were also imposed on mixtures of baker's yeast 

and whey protein or casein. Extract solids percentage ( % 

total solids in supernatant after centrifugation of 

mixture) increased with time (Figure 26). A significant 

increase in extract solids percentage with time was shown 

(Table 59). 
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Table 58. Evaluation of various yeast products for 
suitability as nutrient sources for propagation of S. 
lactis UL 7 Prt- in LABGRO medium. Medium was incubated 
at 27 C for 14 h and for 19 h. The lactic strain was 
propagated in duplicate. Plate counts were taken on each 
medium sample in triplicate. All other measurements were 
taken on each medium sample in duplicate. A = Product # 
2312, Busch Industrial Products Corp.; B = AYS, Busch 
Industrial Products Corp.; C is the same as B; 0 = 
ZYEST-70H, Pure Culture Products Inc .• 

Microbiological Measurement 
Yeast 

FT 1 
Absorbance 

CFU 2 
14 h 19 h 

Product Index 00(480 nm) CFU 00(480 nm) 

----------------------------------------------------------
A 1. 98 5.8 9. 1 11.84 9. 1 12. 13 

B 2.52 7.2 7 . 4 9.88 7.8 10.91 

c 2.54 7 . 4 6.8 9.79 7.6 11. 02 

0 2.20 5.9 3.2 8.48 6.03 

3 .01 . 1 1 .80 .38 .98 .09 S.o.
4 c.v. .22 1. 69 12.09 3.83 12.44 3.06 

1 Formal titration. 

2 Plate count, CFU/mL LABGRO medium. 

3 Standard deviation of parameter being measured. 

4 Coefficient of variation of parameter being measured. 
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Table 59. Analysis of variance on prediction of extract 
solids percentage (% total solids in supernatant after 
centrifugation of mixture) by time and yeast mixture type. 

Source 

Type 
Time 
Type*Time 
Error 

DF 

2 
2 
4 

21 

Mean Square 

73.57 
156.88 

5.24 
.14 

R2 =.994 

F Value 

542.33 
1118.13 

37.35 

Pr > F 

.0001 

.0001 

.0001 

Possibly some casein was hydrolysed (and solubulized) 

by the yeast proteolytic enzymes (3, 61, 96, 142) since a 

greater rate of extract solids percentage was observed for 

the yeast and casein mixture (Figure 26). 

Methods to monitor production of yeast extract (and 

protein hydrolysate) during autolysis were then 

investigated. Absorbance index measurements were taken on 

the same yeast and yeast and protein mixtures subject to 

autolysis conditions in Figure 26. Absorbance index 

increased with time (Figure 27). A significant increase 

in absorbance index with time was shown (Table 60). 
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Figure 26. Extract solids during yeast autolysis. Dried active 
baker's yeast was reconstituted to 18% solids, heated to 50 C for 
1 h and thereafter maintained at 45 C. Three groups of yeast or 
yeast and protein evaluated were: 18% dried yeast + 6% dried whey 
protein, 18% dried yeast + 6% dried casein, 18% dried yeast. (See 
Table 59). Extract solids% is the percent total solids in super
natant after centrifugation of mixture. 
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Table 60. Analysis of variance for prediction of 
absorbance index by time and yeast mixture type. 
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Source DF Mean Square F Value Pr > F 

Type 2 .0675 14.97 .0001 
Time 6 .3257 72.23 .0001 
Type*Time 12 .0127 2.81 .0186 
Error 21 .0045 

R2=.960 

Formal titration measurments were also taken on the 

same yeast and yeast and protein mixtures subject to 

autolysis conditions in Figure 26. Formal titration 

increased with time (Figure 28). A significant increase 

in formal titration with time was shown (Table 61). 

Table 61. Analysis of variance for prediction of formal 
titration by time and yeast mixture type. 

Source DF Mean Square F Value Pr > F 

Type 2 .0874 790.64 .0001 
Time 6 . 3411 3085. 71 .0001 
Type*Time 10 .0024 21. 98 .0001 
Error 19 .0001 

R2=.999 
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Figure 27. Absorbance index during yeast autolysis. Dried active 
baker's yeast was reconstituted to 18% solids, heated to 50 C for 1 h 
and thereafter maintained at 45 C. Three groups of yeast or yeast 
and protein evaluated were: 18% dried yeast+ 6% dried whey protein, 
18% dried yeast + 6% dried casein, 18% dried yeast. (See Table 60). 
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Figure 28. Formol titration during yeast autolysis. Dried active 
baker's yeast was reconstituted to 18% solids, heated to SO C for 
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1 h and thereafter maintained at 45 C. Three groups of yeast or yeast 
and protein evaluated were: 18% dried yeast + 6% dried whey protein, 
18% dried yeast+ 6% dried casein, 18% dried yeast. (See Table 61). 
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Apparently casein was being hydrolysed by yeast 

enzymes to a greate r extent than was whey protein (Figure 

This was also indicated in Figu re 26. Formal 

titration seems to be superior to absorbance index for 

monitoring yeast extract/protein hydrolysate production 

since more uniform readings with time were achieved 

(figures 27 and 28). 

Effect of Yeast Autolysate and Casein Hvdrolysate 

on Lactic Culture Activity 

The stimulatory properties of yeast autolysate and 

casein hydrolysate on lactic cultures were evaluated. S . 

cremoris UC73 Prt- and UC171 Prt- were blended (1:1) and 

propagated in LABGRO medium (Table 62). The brand of 

yeast autolysate used became inhibitory at concentrations 

above 1.0%. Casein hydrolysate, however, was stimulatory 

even at 2.5%. Casein hydrolysate appeared to be a better 

stimulant than the particular yeast autolysate used. 

A cost effective lactic culture bulk medium 

formulation for yeast autolysate and casein hydrolysate 

evaluated (Table 62) was investi gated. A mul ti-re g ression 

a nalysis was run on results shown in Table 62 . The 

mu lti-re gression model (tables 63 and 64) was utili zed in 

a basic program which determined what yeast au tol ysa te, 

casein hyd rolysate blend would predict an activity test pH 

change (Pearce activity test) of 1.1 for the le as t cost. 
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Table 62. Growth of S. cremoris UC73 Prt- and S. 
cremoris UC171 Prt- in---Y:-ABGRO medium with variou;-amounts 
of added commercial yeast autolysate and casein 
hydrolysate. Cultures were incubated for 14 h at 27 C. 
Media were evaluated with the Pearce activity test. 

----------------------------------------------------------

0. 1 0. 1 

0. 1 1. 0 

0. 1 2.5 

1. 0 0.1 

1.0 1. 0 

1. 0 2 .5 

2.5 0.1 

2 .5 1. 0 

2.5 2.5 

o.o o.o 

Medium 
14 h pH 

5.2 

5. 1 

5. 1 

5. 1 

5. 1 

.5 • 2 

5.6 

6. 1 

6. 1 

Activity Test3 
( A pH) 

.53 

1. 08 

1. 5 7 

.83 

1. 14 

1. 42 

.26 

.07 

• 2 9 

. 16 

YP,CP cost/pH unit 4 

( $ ) 

• 2 2 

1. 18 

2.78 

.5 9 

1. 56 

3. 16 

1. 21 

2 . 1 7 

3.77 

1Yeast product, AYS (yeast autolysate), Busch Industrial 
Products Corp., St. Louis, MO. 

2casein product, N-Z Amine E, Sheffield Products, Norwich, 
NY. 

3 0 pH = initial RNDM pH - final RNDM pH. 

4cost of yeast product and casein product per 1 ~ pH unit. 
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The most cost effective blend determined contained 0.4% of 

the yeast autolysate brand and 0.8% of the casein 

hydrolysate brand. This blend is much higher than the 

optimized yeast extract, casein hydrolysate blend for pH 

controlled whey-based media (.4% yeast extract, .1% casein 

hydrolysate) reported by Wright and Richardson (178). 

Differences probably are attributed to brands of 

stimulants and to media differences. Wright and 

Richardson used pH controlled whey-based medium rather 

than LABGRO medium for culture propagation. The 

observation that pH controlled whey-based medium produced 

greater concentrations of lactic cultures than LABGRO 

medium given the same stimulants and stimulant ingrediant 

levels (Table 19) indicates greater utilization of 

stimulant concentrations may be achieved in external pH 

controlled media over internal pH controlled media. This 

computer-assisted bulk medium optimization method might 

find application in industry for developing more cost 

effective media blends. 

The yeast autolysate and casein hydrolysate blend 

(0.4% and 0.8%, respectively) effected a 1.1 pH change in 

the Pearce activity test. A stimulant composition of 1.2% 

yeast autolysate with no casein hydrolysate contained the 

same total amount of stimulants but the predicted activity 

(tables 63 and 64) was only a 0.7 pH change in the 

activity test. This suggests a significant positive 



Table 63. Analysis of variance for effect yeast 
autolysate and casein hydrolysate concentration on 
activity of lactic cultures. 

Source DF 

Yeast autolysate 2 
Casein hydrolysate 2 
YA*CH 4 
Error 9 

Mean Square 

1. 398 
.290 
.169 
.0003 

2 R =.999 

F Value 

3699.84 
768.71 
447.33 
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Pr > F 

.0001 

.0001 

.0001 

Table 64. Multiple regression analysis on effects of 
yeast autolysate and casein hydrolysate on lactic culture 
activity. 

Parameter 

Intercept 
YA 
CH 
YA*CH 
YA 2 

CH*YA 2 

CH 2 

YA 2*CH 2 

Estimate 

0.391 
0.690 
.770 

-.298 
-.291 
-.065 
-.120 

.034 

Std Error of 
Estimate 

.017 

. 036 

.036 

.077 

.013 

.028 

.013 

. 01 

T for HO: 
Parameter Pr > \Tf 

23.67 .0001 
19.31 .0001 
21. 56 .0001 
-3.85 .0039 

-22.53 .0001 
-2.34 .0438 
-9.28 .0001 
3.35 .0086 
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interaction between the brands of yeast autolysate and 

casein hydrolysates used. A significant interaction 

between yeast autolysate and casein hydrolysate was indeed 

shown (Table 63). There appears to be a concentration 

range wherein superior stimulation is given by a blend of 

casein hydrolysate (whey protein hydrolys~te also?) and 

yeast autolysate over the same total concentration of 

yeast autolysate. This will be confirmed in following 

results (Table 74). 

Results previously cited (figures 26 and 28) suggest 

that during autolysis, proteolytic enzymes of active dry 

baker's yeast hydrolyse casein. Would this apparent 

casein hydrolysis also occur with a lactose-fer menting 

yeast (!_:_ fragilis)? Would the casein hydrolysate be 

sufficiently cleaved to be stimulatory? Also could K. 

fragilis sufficiently hydrolyze whey protein? These 

topics were investigated. 

Extent of whey protein hydrolysis on culture 

stimulation was evaluated (Table 65). Formol titration 

indicated extent of whey protein hydrolysis (110). 

Greater apparent hydrolysis was observed in whey protein 

treated initially with pepsin followed with a neutral 

fungal protease than with the fungal .protease alone or 

with acid hydrolysis alone (Table 65). Formal titration 

of lactalbumen hydrolysate (Difeo) was not recorded but 

should be close to that of casein hydrolysate. A 
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Table 65. ~hey protein hydrolysis from pepsin 1 , HT 
Proteolytic and acid. Freeze-dried whey protein was 
reconstituted to 7% solids. Twenty ml aliquots of whey 
protein concentrate was used for formal titration. Whey 
protein mixture was acidified with phosphoric acid to pH 
2.0 and 1 g of powdered pepsin was added to 100 ml of whey 
protein mixture. Pepsin was mixed in and the whey protein 
mixture was incubated for 5 hours. The whey protein 
mixture pH was then adjusted to 7.3 with NaOH and 0.6 
HT-Proteolytictm (Marschall Products) enzyme was added to 
60 ml of whey protein mixture and incubated at 55 C for 1 
h. Acid hydrolysis was carried out by adding 5.6 g 
phosphoric acid to 100 ml of whey protein mixture 
whereupon the mixture was heated at 100 C for 6 hour. 

Incubation 
Time (h) 

Mixture 
pH 

Enzyme 
Added 

Lactic Culf ure 
Formal Titration Growth 

0 
4.0 
5.0 

0 
1. 5 
2.0 
5.0 
6.0 

0 
6 

7.0 HT-Proteol. 

2.0 pepsin 

7.0 HT-Proteol. 

Acid Hydrolysis 

casein hydrolysate 2 

lactalbumen hydrolysate 3 

0.27 
0.26 
0.33 

0.24 
0.51 
0.54 
0.64 
0.73 

(ca 0.20) 

5.99 I 6.66 

o.52 6.74 I 6.83 

1. 42 6.05 I 6.83 

5.85 I 

1 pH in LABGRO medium after 19 h incubation at 27 C I pH 
of uninoculated LABGRO medium after 19 h incubation at 27 
C. 0.5% (% weight/volume) hydrolysate, whole whey protein 
added to LABGRO medium. 

2 N-Z Amine E, Sheffield Products, Norwich, NY 13815. 

3 Difeo Laboratories, Detroit, MI. 
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preliminary investigation indicated lactalbumen 

hydrolysate, casein hydrolysate and the enyzme-hydrolysed 

whey protein to contain similar lactic culture growth 

stimulating properties (Table 65). Acid-hydrolysed whey 

protein appeared markedly less stimulatory. 

These hydrolysates and the yeast autolysate used in 

the factorial experiment (Table 62) were compared for 

growth stimulating properties. Significant differences 

were found (tables 66 and 67). 

Table 66. Analysis of variance for effect of whey protein 
hydrolysates, yeast autolysate and casein hydrolysate on 
growth of S. lactis UL33 Prt- in LABGRO medium (19 h at 27 
C). ~ 

Source 

Stimulant 
Error 

DF 

4 
5 

Mean Square 

.4400 

.0023 

2 R =.993 

F Value 

188.6 

The yeast autolysate was significantly more 

Pr > F 

.0001 

stimulatory than the protein hydrolysates. This was 

surprising in view previous results (Table 62) wherein the 

casein hydrolysate appeared more stimulatory. Possibly 

there is some growth factor other than amino acids or 
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Table 67. Effect on lactic culture growth of whey protein 
hydrolysates, yeast autolysate and casein hydrolysate. ~ 
lactis UL33 Prt- was propagated in LABGRO medium for 19 h 
at 27 C. Stimulants were added at 0.5%. 

----------------------------------------------------------

Stimulant 
Culture Growth 

19 h LABGRO pH / 19 h LABGRO pH 
(Control) 

----------------------------------------------------------
WPH-acidl 6.75 a2 I 6.83 

Casein Hydrolysate 3 6.05 b I 6.76 

WPH-enzyme 4 5.99 b I 6.66 

LH 5 5.84 c I 6.80 

AYS 6 5.46 d I 6.85 

----------------------------------------------------------
1 Acid-hydrolysed whey protein. 

2 When two means in a column share the same letter, they 
are not significantly different at alpha = .OS, Duncan's 
multiple range Test. 

3 NZ Amine type E. 

4 Enzyme-hydrolysed whey protein. Enzymes used were 
pepsin and HT Proteolytic, a neutral fungal enzyme. 

5 Lactalbumin hydrolysate. Difeo Laboratories. 

6 Yeast autolysate. Annheuser-Busch. 
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small peptides present in yeast a~tolysate but lacking in 

protein hydrolysate (145). 

Unlike results in Fi g ure 28 where formal titration 

measurements of the yeast and protein mixture during 

hydrolysis was higher than for the yeast itself, results 

in Table 71 show otherwise. This suggests little protein 

hydrolysis by K. fragilis durin g autolysis. \.! hen pepsin 

was initiall y added to yeast and protein samples g reater 

protein hydrolysis was achieved (Table 71). The yeast 

autolysate and casein mixture with pepsin appeared to be 

more stimulatory than yeast autolysate and whey pro tein 

mixture with pepsin (Table 71) . Little apparent 

difference between the two was shown by formal titration, 

however. 

Growth of -~veromyces fragilis in Yeast ~ 

Permeate Medium 

A major research objective was to see if a 

stimulatory yeast autolysate or extract for incorpor a tion 

into lactic culture bulk medium could be produced from a 

lactose-ferr:ientin g yeast, i.e., h fragilis. 

A strain of !...:._ fragilis was obtained at the Utah 

State University culture bank and propa gated in whey 

containin g 5 .0 % whey solids and growth factors. On e 

volume of air/volume medium-min was delivered durin g the 

propagation period. By 18 h 11.5 g dried yeast/L whey 
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Table 68. Growth of!..:_ fragilis in whey medium (5.0% whey 
solids, 0.1% yeast extract, 0.85% diammonium sulphate, 
0.23% diammonium phosphate. Incubation temperature was 35 
C. Yeast dry weight was measured in duplicate. 

Incubation 
Time (h) 

Dissolved o2 
(ppm) 

Medium 
pH 

Yeast Dry Weight 

(g/l) 

0 

8 

18 

22 

o.o 

5.8 

6. 1 

5.7 

4.6 

4.5 

4.6 

Dry Yeast Weight : 11.6 g/l 
Estimated Initial Lactose : 35 g/l 
% Yield (g dried yeast/g lactose) : 33% 

7.0 

11. 7 

11. 4 

Dry Yeast Weight (centrifuged) : 98.8 g/l 
Yeast Extract Solids : 41.6 g/l 
% Yield (g yeast extract solids/g dry yeast): 42 % 
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medium was present (Table 68). 

yeast (g dried yeast/g lactose) 

Conversion of lactose into 

was 33 %. These values 

compare with those reported in literature which ran ge fro~ 

23 to 62% (4, 20 , 35, 48, 50, 127, 160). Recovery of 

yeast extract (42 %) (Table 68) was comparable to the level 

gene rally harvested in industry (122). 

Giec and Kosikowski (48) found !· fragilis ATTC 8 582 

to yield the highest biomass in a field of 10 

1 a c to s e - fermentin g ye as ts • ! . fr a g i 1 i s AT TC 8 5 8 2 1rn s 

obtained from the American Type Culture Collection and 

propagated in whey permeate medium adjusted to pH 5.0 with 

phosphoric acid. Whey permeate medium contained 0.1 % yeast 

ex tract. Incubating temperature was 30 C. Two volu mes of 

air/volume medium/min was delivered for 19 h when it was 

increased to 4 volume air/volume medium/min. Over 25 g 

dr y yeast/l medium was obtained after a 42 h incubation 

period (Fi g ure 29). Giec and Kosikowski (48) reported a 

yield of 27.5 g /l with this strain and under the same 

general (they did not add 0.1% yeast extract to their whey 

medium) conditions. They, however, sparged 4 volume 

air/volume medium/min into the whey medium throughout the 

4 8 h propagation period. When these researchers deli vered 

2 volumes air/volume medium/min under the same conditions, 

they obtained a yield of 10.8 g/l. A 155 % increase in 

yield is achieved by the increase of air spar g in g rate 

from 2 volume/volume medium/min to 4 volume/volume 
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Figure 29. Growth of Kluyveromyces fragilis ATCC 8582 in yeast whey 
permeate medium. Initial pH was 5.0. Incubation temperature was 
30 C. Filtered air sparging rate was 2 volumes air/volume medium
min until 19 h whereupon the air rate was increased to 4 volumes 
air/volume medium-min. 



167 

medium/min. When !· fragilis ATTC 12424 was propagated 42 

h in yeast whey permeate medium with 4 volume air/volume 

medium/min being delivered, 31.5 g dry yeast/l medium was 

harvested (Table 71). When the amount of air delivered 

was increased from 2 volumes to 4 volumes/volume 

medium-min a yield increase of 296 % was achieved. 

Autolysis .2l._ Whey-Grown Kluyveromyce fragilis and 

Evaluation of Autolysate Products 

Giec and Ko sikowski (48) reported !· fragilis ATTC 

8 582 to be produce the greatest biomass in whey. This 

strain was therefore propa ga ted in yeast whey permeate 

med ium and autolysis conditions were imposed. The 24 h 

autolysate product was then evaluated with the LAB GRO 

medium method. K. fragilis ATTC 8582 autolysate, was 

markedly inferior in stimulating lactic culture g rowth 

when compared to a commercial yeast autolysate--even when 

the concentration was doubled (Table 69). The J;_. fragilis 

autolysate became more stimulatory when it was added to 

LABGRO rnedi~m in a 1:1 blend with the commercial yeast 

autolysate. 

The optimum pH for autolysis was investi gated. I . 

fragilis was propagated in yeast whey permeate medium and 

the pre-autolysate mixture was pH adjusted (Table 7 0 ). 

Formal titration measurements indicated an initial pH of 

5.5 optimal for producing the most hydrolyzed yeast 
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Table 69. Autolysis of ~ fragilis ATCC 8582 propagated 
in yeast whey permeate medium. Autolysis period was 24 h. 
The sample was heated from 30 C to 50 C during a 6 h 
period. Initial autolysis pH was adjusted to 5.0 with HCL 
or NaOH. Degree of stimulation from the yeast autolysate 
was evaluated by incorporating it into LABGRO medium. S. 
lactis UL33 Prt- was inoculated into LABGRO medium and 
incubated at 27 C for 19 h. pH LABGRO control is the 19 h 
uninoculated LABGRO pH. 

Yeast Amount Culture Growth 
Autolysate added 19 h LABGRO pH / 19 h LABGRO control pH 

(%) 

----------------------------------------------------------
ATCC 8582 o. s 6.73 I 6.82 

1. 0 6.58 I 6. 70 

ATCC 8582 0.25 6.44 I 6.90 
+ 

AYS 1 0.25 

AYS o.s 5.59 I 6.99 

1 Yeast autolysate, Busch Industrial Products Corp., St. 
Louis, MO. 



169 

Table 70. Autolysis of ~ fragilis ATCC 8582 propagated 
in yeast whey permeate medium. Autolysis period was 24 h. 
The sample was heated from 30 C to 50 C druing a 6 h 
period. Initial autolysis pH was adjusted with HCL or 
NaOH. Yeast concentration was estimated from OD(560 nm) 
to be 15 g/L (Table 12). The yeast autolysate was 
incorporated into LABGRO medium (0.5%) and S. lactis UL33 
was inoculated and incubated for 19 h at 27-C. 

pH Formol 
treatment titration 

Culture Growth 
19 h LABGRO pH / pH LABGRO blank 

4.0 (O h) 1 6.50 I 6.60 

4.0 (12 h) 6.44 I 6.60 

4.0 (24 h) 3.10 6.50 I 6.61 

4.0 (43 h) 3.70 6.49 I 6.70 

5.0 3.99 6.48 I 

5.5 4.65 I 

6.0 3.90 I 

1 Hours of autolysis. 
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proteins. 

al. ( 11 7). 

These results agree with the work of Orberg et 

However, no autolyzate of f. fragilis ATTC 

8582 was comparable in lactic culture stimulating 

properties to the commercial yeast autolyzate (tables 69 

and 70). 

Orberg et al. (117) reported that !· fragilis NRRl 

Y- 610 (same as!· fragilis ATCC 12424) was superior to a 

group of various !· fragilis strains in producing an 

autolyzate stimulatory to lactic cultures. !· fragilis 

ATTC 12424 was obtained and propagated in yeast whey 

permeate medium and subjected to autolysis conditions. No 

autolysate of ~ fragilis ATCC 12424 stimulated lactic 

culture growth to the extent of a commercial yeast 

autolysate (Table 71). The autolysate of ~ fragilis ATCC 

12424 was hydrolysed about one half the extent of the 

commercial yeast autolysate (Table 71). Si 3 nificant less 

hydrolysed proteins (or total proteins) in the ~ fragilis 

12424 autolysate may account for inferior stimulatory 

properties. 

An extract of ~ fragilis ATCC 12424 was then 

produced and tested for lactic culture stimulation. The 

yeast extract of ~ fragilis ATTC 1242Lf was found to 

contain little stimulatory value (tables 72 and 73). 
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Table 71. Autolysis of ~ fragilis ATCC 12424 propagated 
in yeast whey permeate medium for 48 h to a concentration 
of 31.5 g dried yeast/L medium. Air was sparged into 
medium at 4 volumes air/volume medium-min. Autolysis 
period was 24 h. The sample was heated from 30 C to 55 C 
during a 6 h period. Initial autolysis pH was adjusted to 
5.5 with HCL or NaOH. Heat treated (90 C for 40 min) whey 
protein and acid casein were added to the yeast to a final 
concentration of 6% prior to autolysis. Degree of 
stimulation from the yeast autolysate was evaluated by 
incorporating it into LABGRO medium (0 •• 5%) and uncubating 
S. lactis UL33 Prt- for 19 h at 27 C. PC = 20 mg pepsin 
added to yeast+casein mixture at beginning of autolysis; 
PWP = 20 mg pepsin added to yeast+whey protein mixture at 
beginning of autolysis. pH LABGRO control is the 19 h 
uninoculated LABGRO pH. 

Formal Culture Growth 
Treatment Titration 19 h LABGRO pH I pH LA BG RO control · 

-----------------------------------------------------~--~-

yeast (O h)l .78 6.68 I 6.83 I 

(24 h) 1. 46 6.72 I 6.81 
(36 h) 1. 56 6.76 I 6.78 

yeast+case~n .57 
0.5% 6.58 I 6.81 
1.0% 6.54 I 6.69 

yeast+WP .49 6.66 I 6.75 
yeast+PC .98 

0.5% 6.24 I 6.88 
1.0% 5.88 I 6.65 

yeast+PWP .95 
0.5% 6.30 I 6.83 

AYS 3 
1.0% 6.28 I 6.68 

2.78 5.47 I 6.92 

1 Hours of autolysis. 

2 Amount of product added to LABGRO medium (%wt/vol). 

3 Yeast autolysate, Busch Industrial Products Corp., St. 
Louis, MO 
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Tab le 72. Analysis of variance on growth stimulation of 
S . lactis UL33 Prt- by a yeast extract and yeast 
~tolysate of h fragilis, a com mercial yeast extract and 
yeas t autolysate. ~ lactis was propagated in LABGRO 
medium. 

Source 

Stimulant 
Error 

DF 

3 
4 

Mean Square 

1. 1 24 
.001 

2 R =. 999 

F Value Pr > F 

89 0.1 .0001 

Both the extract and the autolysate were found not 

very stimulatory. Moreover the extract wes not more 

stimulatory than the autolysate (Table 73). Th e 

commercial yeast products were once again proven more 

stimulatory to the g rowth of lactic cultures. 

An extract from h fragilis ATCC 12424 propa ga ted 

under the same conditions as before except 1 volume of air 

rather th e 4 volumes/volume medium-min was g iven. This 

treatment more closely simulated the yeast propagation 

procedures of Orberg et al. (117). The I . f ra3ilis ATCC 

12424 extract and the previously enzyme-hydrolysed whey 

protein (Table 65) were evaluated for lactic culture 

g ro wth stimulation and co mpa re d with a commercial yeast 

extract, yeast · autolysate and lactalbumen hydrolysate . 

Results again confirm the previous observations that 
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Table 73. Stimulatory properties of an extract (YE) and 
autolysate (YA) of Kluyveromyces fragilis ATCC 12424 and 
whey protein hydrolysate on the growth of ~ lactis UL33 
Prt- in LABGRO medium. Twenty-one percent of the weight 
of the yeast was recovered as yeast extract. Measurements 
are duplicate averages. Stimulants were added to LABGRO 
medium at 0.5%. Media were incubated 19 h at 27 C. 

Product 19 h LABGRO pH / 19 h LABGRO control pH 

~ fragilis 
ATCC 12424 (YE) 6.55 a 1 I c.a. 6.8 

~ fragilis 
ATCC 12424 (YA) 6.61 a I c • a • 6.8 

AYE 2 5.30 b I 6.66 

AYS 3 5.27 b I 6.73 

1 Duncan's multiple range test. When two means in a 
column share the same letter, they are not significantly 
different at alpha=.05 

2 Yeast extract, Busch Industrial Products Corp., St. 
Louis, MO. 

3 Yeast autolysate, Busch Industrial Products Corp., St. 
Louis, MO. 
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extracts of K. fragilis heretofor produced were not very 

stimulating to lactic culture growth (Tables 74 and 75). 

Table 74. Analysis of variance for effect of an 
enzyme-hydrolysed whey protein, a commercial yeast extract 
and yeast autolysate, a commercial casein hydrolysate and 
a commercial lactalbumen hydrolysate on growth of S. 
lactis UL33 Prt- in LABGRO medium (19 hat 27 C). 

Source 

Stimulant 
Er ro r 

DF 

8 
9 

Mean Square 

so.so 
. 44 

2 R = . 990 

F Value Pr > F 

1 14.78 . 0001 

Very little growth was stimulated by the yeast 

extract or whey protein hydrolysate themselves. When the 

two were added in equal proportions at the same final 

concentration (0.5%) significant growth occurred. 

Moreover, when the yeast extract of!..:_ fragilis ATCC 12424 

was added in equal proportions with lactalbumen 

hydrolysate (Difeo), significant growth again occurred 

(Table 75) . This might be due to a peroxidase or an 

essential growth factor not associated with protein 

hydrolysate. The superior growth properties of LABGRO 

medium containing yeast autolysate but no casein or 

lactalbumen hydrolysate over medium containing casein or 
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Table 75. Stimulatory properties of yeast extract of K. 
fragilis ATCC 12424 on S. lactis UL33 Prt-. Incubation 
was for 19 h at 27 C. 

LABGRO Basal Medium plus OD(480 nm) 1 

.25 (%w/v) product 2313 2 
4 

14.45 a 3 

.25 lactalbumin hydrolysate 

.25 proguct 2313 11. 35 b 

.25 WPH 

• 5 Product 2313 11. 05 b 

• 5 AYS 6 10.50 b 

.25 YE 7 10.10 b 

.25 lactalbumin hydrolysate 

. 5 lactalbumin hydrolysate 6.35 c 

.25 YE 5.70 c 

.25 WPH 

• 5 WPH 0.30 d 

• 5 YE 0.10 d 

1 Optical density(480 nm) = ((Absorbance at 480 
nm(medium+culture))-((Absorbance at 480 nm(medium)) x 
Dilution Factor. 

2 Yeast extract, Annheuaser-Busch Company, 

3 When two means in a column share the same letter, they 
are not significantly different at alpha =- .OS, Duncan 's 
multiple range test. 

4 Difeo 

5 pepsin, negtral fungal protease-hydrolysed whey protein 
~Table 69), yeast autolysate, Annheuser-Busch Company, 

yeast extract of ~ fragilis ATCC 12424. 



lactalbumen hydrolysate but no yeast autolysate has . 

previously been observed (Table 67). 

176 

Growth stimulating properties of a blend of 

commercial yeast extract and whey protein hydrolysate 

(Table 65) were equally stimulatory (alpha=.05) to that of 

only commercial yeast extract at equal total 

concentrations (tables 74 and 75). This suggests that 

whey protein less hydrolysed than commercial protein 

hydrolysate (Table 65) can replace half the commercial 

yeast extract and still effect the same growth. If this 

whey protein hydrolysate could be produced for $2.45/lb 

(cost of the commercial yeast extract) a more cost 

effective bulk medium could be developed. Lactalbumen 

hydrolysate was clearly more stimulatory than the same 

amount of the whey protein hydrolsate. This was probably 

due to the commercial lactalbumen hydrolysate being more 

hydrolysed than the pepsin, neutral fungal 

enzyme-hydrolsed whey protein (Table 65). 

No lactic culture growth stimulating autolysates or 

extracts of two strains of K. fragilis comparable to 

commercial yeast autolysates and extracts were found. 

Also, no significant hydrolysis of milk proteins by ~ 

fragilis proteolytic enzymes was evident. Methods other 

than simple autolysis should be investigated. Knorr et 

al. suggest mechanical disruption of the yeast cell wall 

would markedly stimulate cell hydrolytic enzymes with a 
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concommitant increase in released hydrolysed protein (77). 

Reed advises homogenization pressures of at least 10,000 

psi would be required to break yeast cell walls (Personal 

communication, Gerald Reed, Universal Foods Inc., 1984). 

Knorr et al. also suggest that an excellent yeast 

autolysate could be produced by adding lytic and 

proteolyzing enzymes to the yeast (77). Reed suggests 

acid-hydrolysing the yeast may produce a more stimulatory 

product (Personal communication, Gerald Reed, Universal 

Foods, Inc., 1984). Autolysates from lactose-fermenting 

yeasts other than K. fragilis should be also be evaluate d . 

Given the lactose eliminating ab il ity of I· fragilis 

(one strain eliminated 130 g lactose/liter medium in 42 h) 

and their ability to produce protein from ammonium 

compounds; significant benefits to the cheese industry may 

exist. As ultrafiltration technology moves into the 

cheese industry, problems with milk permeate and whey 

permeate disposal may become even more significant than 

whey disposal problems are currently. A recycling program 

for this waste material utilizing a lactose-fermenting 

yeast would produce a plentiful supply of yeast extract 

and animal feed from the cell debris. Even if this yeast 

extract could not be made as stimulatory as commercial 

extracts from beer yeast or baker's yeast; as long as a 

minimal amount of capability to stimulate lactic culture 

growth is achieved, this product may have an important 
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role in the cheese industry. This product could be used 

in bulk media, even if three to four times the amount of 

this than commercial yeast extract is required. 

Furthermore, this extract added to cheese milk could 

significantly enhance culture growth thereby reducing 

amounts of bulk media added. Also the cheese cultures 

would use the amino acids and peptides supplied by the 

yeast extract for their growth instead of hydrolysing 

casein in the milk. Yield would then probably increase. 

This yeast extract could be added to milk retentate to 

encourage lactic culture activity in milk retentate wh ich 

has heretofor been shown to be quite low (Personal 

communication, Ron Raynes, Utah State University, 1984). 

Minimally hydrolysed whey proteins when added with 

yeast extract of ~ fragilis has been shown to be more 

stimulatory than the yeast extract or the hydrolysed whey 

protein alone (Table 75). Both these products should be 

used together. Plants producing whey protein concentrate 

powder may realize a greater profit (whey protein 

concentrate sells for about $0.50/lb) if they were to 

hydrolyse the whey protein and sell the 

hydrolysate/lactose/phosphate dried product resulting from 

the enzyme treatment to growth media blending companies or 

use it themselves for their own culture propagation. 

The goals of this research project were (A) to 

develop methods to evaluate whey-derived nutrients for 



incorporation into lactic culture bulk media, (B) to 

develop a procedure to monitor whey-derived nutrients 

during production and (C) to establish production 

parameters for whey-derived products. 
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Microbiological growth assays using LABGRO medium was 

proven to be an effective method to evaluate stimulatory 

properties of yeast extracts, autolysates and protein 

hydrolysates. Formal titration was shown to be a good 

indicator of lactic growth stimulating proper t ies of 

individual yeast extract and yeast autolysate samples. 

Abs orbance index was a good evaluation assay f or yeast 

autolysate but not fo r yeast extracts. 

accomplished. 

Objective A was 

Formal titration was shown to be a good assay for 

monitoring production of yeast extract durin g yeast 

autolysis. Formal titration was shown to be effective for 

monitoring protein hydrolysis. 

accomplished. 

Objective B was also 

The fundamental aim of this research, however, was to 

produce products from whey that are stimulatory to lactic 

culture growth in bulk media. This objective was not 

fully realized. Whey derived yeast autolysates and yeast 

extracts were not as stimulatory as commercial yeast 

autolysates and yeast extracts which were generally made 

from beer yeast. Also, hydrolysed whey proteins were not 

as stimulatory as commercial casein hydrolysates and 
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lactalbumen hydrolysate. However, these whey-derived 

protein hydrolysates did possess significant stimulatory 

properties when coupled with a commercial yeast extract 

(tables 74 and 75). Also these whey-derived yeast 

extracts did possess significant stimulatory properties 

when coupled with a commercial protein hydrolysate (tables 

74 and 75). Such application may result in savings for 

bulk media formulation and should be investigated. 

Homogenation and lytic/proteolytic enzymes treatment of K. 

fragilis should be investigated for improved yeast 

autolysate production. Why should the dairy industry pay 

to help the beer industry get rid of their waste products 

(yeast) while neglecting their own waste disposal? 
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CONCLUSIONS 

1. Optical density measurements could be used on 

phosphate-containing lactic culture media to estimate 

cell concentration. 

2. pH measurements could be used on reconstituted nonfat 

dry milk where lactic cultures are fermenting to 

estimate the amount of lactic acid present. 

3. Lactic culture buffered growth (LABGRO) medium was an 

effective internal pH controlled medium for the 

propagation of a variety of ~· lactis and 

S. cremoris stra i ns to higher concentrat i ons not 

achievab l e i n milk. This medium could be used to 

evaluate the stimulatory properties of yeast 

autolysates, extracts or protein hydrolysates. 

4. There were significant differences in growth rate 

among Prt- and Prt+ strains of S. cremoris and S. 

lactis. 

5. There were significant differences in acid production 

rates among Prt- and Prt+ strains of S. cremoris and 

S. lactis. 

6. There were significant differences cellular acid 

production rates among Prt- (and probably among Prt+) 

strains of S. cremoris and S. lactis. 



7. There were significant differences in lactic 

culture stimulatory properties among commercial 

yeast autolysates and yeast extracts. 
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8. Formal titration could be used to efficiently 

evaluate lactic culture growth stimulating properties 

of both yeast extracts and yeast autolysates (not 

grouped together). 

9. Absorbance index could be used to efficiently 

evaluate lactic culture growth stimulating properties 

of yeast autolysates. 

10. Absorbance index and formal titration measurement 

could be used to monitor the extent of autolysis and 

protein hydrolsysis occurring during yeast autolysis. 

Such methods could be used by manufacturers of yeast 

autolysate/ protein hydrolysate products to monitor 

process completion. 

11. !· fragilis reduced an initial whey 

permeate lactose content from 130 g/l whey 

permeate to below 0.1 g/l whey within a 42 h period 

when supplied with the proper nutrients and 

sufficient oxygen. 

12. !· fragilis strains did not produce an autolysate or 

an extract comparable in lactic culture stimulatory 

properties to a commercial yeast autolysate under the 

autolysis conditions imposed. 
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13. Lactic culture stimulating properties of a 

K. fragilis autolysate appeared to be enhanced 

by the pre-autolysis addition of casein and pepsin. 

The addition of whey protein and_pepsin to the 

pre-autolyzed yeast also enhanced the stimulatory 

properties, but less than when casein was used. 

14. Casein appeared to be more readily hydrolyzed by 

autolyzing yeast enzymes and pepsin than was 

whey protein. 

15. Commercial whey protein hydrolysate and casein 

hydrolysate were not very stimulatory to lact i c 

culture growth in LABGRO medium. However, when yeast 

extract was added a marked increase in lactic culture 

stimulation occurred. 



1. 

2. 

184 

LITERATURE CITED 

Achstetter, T., C. Ehmann, 
New proteolytic enzymes in 
Biophys. 207:445-454. 

and D. H. Wolf. 1981. 
yeast. Arch. Biochem. 

Agar, D. W., and J.E. Bailey. 
cultivation of fission yeast: 
microfluorometry observations. 
23:2217-2229. 

1981. Continuous 
Classical and flow 
Biotechnol. Bioeng. 

3. Ahearn, D. G., S. P. Meyers, and R. A. Nichols. 
1968. Extracellular proteinases of yeast and yeast
like fungi. Appl. Microbiol. 16:1370-1374. 

4. Amundson, C. H. 1967. Increasing protein content 
of whey. American Dairy Review 29:22-23, 96-99. 

5. Anderson, A. W., and P. R. Elliker. 1953. The 
nutritional requirements of lactic streptococci 
isolated from starter cultures. I. Growth in a 
synthetic medium . J. Dairy Sci. 36:161-167. 

6. Anderson, A. W., and P . R. Elliker. 1953. The 
nutritional requirements of lactic streptococci 
isolated from starter cultures. II. A stimulatory 
factor required for rapid growth of some strains in 
reconstituted nonfat milk solids. J. Dairy Sci. 36: 
608-613. 

7. Anderson, A. W., R. B. Parker, and P.R. Elliker. 
1955. The nutritional requirements of lactic 
streptococci isolated from starter cultures. III. 
Variation in growth-promoting properties of fresh 
whole milks. J. Dairy Sci. 38:1083-1088. 

8. Angelo, I. A., KM. Shahani, and A. Kilara. 1982. 
Effect of different proteases on whey proteins. 
Milchwissenschaft 37:212-214. 

9. Arora, .J. L., L. K. Rao, S.S. Sannabhadti, and R. A 
Srinivasan. 1979. Intracellular proteinase from 
Streptococcus cremoris. J. Food Sci. 44:1350-1352. 

10. Ayers, S. H., and P. Rupp. 1920. Extracts of pure 
dry yeast for culture media. J. Bacteriol. 5:89-98. 

11. Barach, J. T. 1979. Improved enumeration of lactic 
acid streptococci on Elliker agar containing 
phosphate. Appl. Environ. Microbiol. 38:173-174. 



185 

12. Bechtle, R. M., and T. J. Claydon. 1971. 
Accelerated fermentation of cheese whey. Developing 
the system. J. Dairy Sci. 54:1595-1604. 

13. Bednarski, W., S. Poznanski, L. Jedrychowski, J. 
Leman, and M. Szczepaniak. 1976. Enzymatic 
refining of unconventional protein for nutritional 
purposes . J. Milk Food Technol. 39:521-525. 

14. Bergere, J. L., and J. Hermier. 1968. La 
production massive de cellules de Streptocoques 
lactigues. II. Croissance de Streptocoques 
lactis dans un nilieu a pH constant. Lait 48:13-30. 

15. Bergere, J. L. 1968. Production massive de 
cellules de Streptocoques lactiques. III. 
Productionde differentes souches en culture a pH 
constant. Lait 48:131-139. 

16. Bestic, P. B., and W. N. Arnold. 1976. Linear 
transformation of standard curves for yeast 
turbidity. Appl. Environ. Microbial. 32:640-641. 

17. Birlison, F. G. T., and G. Stanley. 1982. 
Experience with Phase 4 starter medium. Dairy 
Ind. Int. 47:27-30. 

18. Blakebrough, N., N. Moresi. 1981. Scale-up of 
whey fermentation in a pilot-scale fermentor. 
European J. Appl. Microbial. Biotechnol. 12:173-178. 

19. Bostonian, M., and S. E. Gilliland. 1979. Frozen 
concentrated cultures of Kluyveromyces fragilis. 
J. Food Sci. 44:696-699. 

20. Castillo, F. J., S. B. deSanchez, and J. A. 
Goncalves. 1979. Nitrogen supplementation of milk 
whey for the growth of Kluyveromyces fragilis. 
Acta Cient. Venez. 30:588-590. 

21. Chang, J.E., U. Yashino, and T. Tsugo. 1972. 
Studies on cheese ripened mainly with yeast. 
II. The proteolytic activity of Saccharomyces 
fragilis. Jpn. J. Zootech. Sci. 43:193-197. 

22. Citti, J.E., W. E. Sandine, and P.R. Elliker. 
1963. Some observations on Hull method for 
measurement of proteolysis in milk. J. Dairy Sci. 
46:337. 



23. Citti, J.E., W. E. Sandine, and P.R. Elliker. 
1965. Comparison of slow and fast acid-producing 
Streptococcus lactis. J. Dairy Sci. 48:14-18. 

186 

24. Code of Federal Regulations, Title 21-Food and Drugs 
parts 170-199, p. 98. Revised 1982 Para. 172.896-
Dried Yeasts. Office of the Federal Register, 
Washington D. C. 

25. Cogan, T. M., D. J. Buckley, S. Condon. 1971. 
Optimal growth parameters of lactic streptococci 
used for the production of concentrated cheese 
starter cultures. J. Appl. Bacterial. 34:403-409. 

26. Cowman, R. A., and M. L. Speck. 1965. Activity of 
lactic streptococci following storage at 
refrigeration temperatures, J. Dairy Sci. 48:1441-
1444. 

27. Cowman, R. A., and M. L. Speck. 1967 . Proteinase 
enzyme system of lactic streptococci. I. Isolation 
and partial characterization. Appl. Microbial. 15: 
851-856. 

28 . Cowman, R. A., H. E. Swaisgood, and M. L. Speck. 
1967. Proteinase enzyme system of lactic 
streptococci. II. Role of membrane proteinase 
in cellular function. J. Bacterial. 94: 
942-948. 

29. Cox, G. C., and R. D. MacBean. 1977. Lactic acid 
production by Lactobacillus bulgaricus in 
supplemented whey ultrafiltrate. Australian J. 
Dairy Technol. 32:19-22. 

30. Dahiya, R. S., and M. L. Speck. 1964. Growth of 
streptococcus starter cultures in milk fortified 
with nucleic acid derivatives. J. Dairy Sci. 47: 
374-377. 

31. Davies, F. L., and M. J. Gasson. 1981. Reviews of 
the progress of dairy sciences: Genetics of lactic 
acid bacteria. J. Dairy Res. 48:363-376. 

32. Davies, F. L., H. M. Underwood, and M. J. Gasson. 
1981. The value of plasmid profiles for strain 
identification in lactic streptococcus and the 
relationship between Streptococcus lactis 712, 
Ml3, C2. J. Appl. Bacterial. 51:325-337. 



33. Delaney, R. A. M. 1976. Composition, 
and uses of whey protein concentrates. 
Dairy Technol. 29:91-101. 

properties 
J. Soc. 

187 

34. Delaney, R. A. M. 1981. Recent developments in the 
utilization of whey. Cultured Dairy Products J. 5: 
11-12 

35. de Sanchez, S. B., and F. J. Castillo. 1980. 
Effect of pH on the growth of Kluyveromyces fragilis 
on deproteinized whey. Acta Cient. Venez. 
31:24-26. 

36. Desmazeaud, M. J., and J. H. Hermier. 1972. 
Isolement et determination de la composition 
qualitative de peptides issus de la caseine, 
stimulant la croissance de Streptococcus 
thermophilus. Eur. J. Biochem. 28:190-198. 

37. Di Carlo, F. J., and A. S. Schultz. 1948. Yeast 
nucleic acid. I. Quantitative determination by 
spectrophotometry; ammonium and phosphate ions as 
factors in biosynthesis. Arch. Biochem. 17:293-300. 

38. Efstathiou, J. D., L. L. McKay, H. A. Morris, and 
E. A. Zottola. 1975. Growth and preservation 
par a meters for preparation of a mixed species 
culture concentrate for cheese manufacture. J. 
Milk Food Technol. 38:444-448. 

39. Efstathiou, J. D. , and L. L. McKay. 1976. Plasmids 
in Streptococcus lactis: Evidence that lactose 
metabolism and proteinase activity are plasmid 
linked. Appl. Environ. Microbial. 32:38-44. 

40. Exterkate, F. A. 1975. An introductory study of 
the proteolytic system of Streptococcus cremoris 
strain HP. Neth. Milk Dairy J. 29:303-318. 

41. Exterkate, F. A. 1976. The proteolytic system of a 
slow lactic acid-producing variant of Streptococcus 
cremoris HP. Neth. Milk Dairy J. 30:3-8. 

42. Exterkate, F. A. 1976. Comparison of strains of 
Streptococcus cremoris for proteolytic activities 
associated with the cell wall. Neth. Milk Dairy J. 
30:95-105. 

43. Frame, E., J. Russel, and A. Wilhelmi. 1943. The 
colorimetric estimation of amino nitrogen in blood. 
J. Biol. Chen. 149:255-270. 



188 

44. Friend, B. A., M. L. Cunningham, and K. M. Shahani. 
1982. Industrial alcohol production via grain 
fermentation. Agric. Wastes 4:55-63. 

45. Gamay, A. Y., R. S. Hafez, R. J. Brown, 
C. A. Ernstrom, and G. H. Richardson. 1982. 
Resistance of proteinase negative Streptococcus 
lactis and Steptococcus cremoris variants to 
bacteriophage and antibiotic activity. J. Dairy 
Sci. 65(Suppl. 1):51. (Abstr.) 

46. Garvie, E., and L. A. Mabbitt. 1956. Acid 
production in milk by starter cultures - The effect 
of peptone and other stimulatory substances. J. 
Dairy Res. 23:305-316. 

47. Garvie, E. I. 1959. Some observations on slow and 
fast acid-producing variants of strains of 
Streptococcus cremoris and Streptococcus lactis used 
as cheese starters. J. Dairy Res. 26:227. 

48. Giec, A., and F. V. Kosikowski. 1982 . Activity of 
lactose fermenting yeasts in producing biomass 
from concentrated whey permeates. J. Food Sci. 47: 
1892-1894. 

49. Gilliland, S. E., and M. L. Speck. 1974. Frozen 
concentrated cultures of lactic starter bacteria. 
A review. J. Milk Food Technol. 37:107-111. 

50. Gilliland, S. E., and C. F. Stewart. 1980. Amount 
of yeast and whey protein recovered from cottage 
cheese whey cultured with Kluyveromyces fragilis. 
J. Dairy Sci. 63:989-990. 

51. Glass, L., and T. J. Hedrick. 
composition of sweet and acid 
Major factors including amino 
Sci. 60:185-189. 

1976. Nutritional 
type dry whey. I. 
acids. J. Dairy 

52. Gordon, W. G., and E. B. Kalan. 1978. Proteins 

53. 

of milk. Pages 87-124 in B. H. Webb, A. H. Johnson 
and J. A. Alford, eds. Fundamentals of Dairy 
Chemistry. AVI Publishing Col., Westport, CT. 

Grant, C. L., and D. Pramer. 
composition of yeast extract. 
84:869-870. 

1962. Minor element 
J. Bacteriol. 



189 

S4. Jones, R. P., N. Pamment, and P. F. Greenfield. 
1981. Alcohol ferentation by yeasts - The effect of 
of environmental and other variables. Process 
Biochem. 16:42-49. 

SS. Joslyn, M. A., and D. C. Vosti. 19SS. Yeast 
autolysis. I. Chemical and cytological changes 
involved in autolysis. Wallerstein Lab Comm. 
18:(No.61) 107-122. 

S6. Joslyn, M. A., and D. C. Vosti. 19SS. Yeast 
autolysis. II. Factors influencing the rate 
and extent of autolysis. Wallerstein Lab 
Comm. 18:(No. 61) 191-202. 

S7. Jost, R., and J. C. Monti. 1977. Partial enzymatic 
hydrolysis of whey protein by trypsin. J. Dairy 
Sci. 60:1387-1393. 

S8. Hang, Y. D., and E. E. Woodams. 1981. Rapid 
removal of lactic ac i d from wastewater by a 
flocculent yeast. J . Food Sci. 46:1498-1499. 

S9. Harriman, L.A., and B. W. Hammer. 1931. 
Variations in the coagu l ation and proteolysis of 
milk by Streptococcus lactis. J. Dairy Sci. 
14:40-49. 

60. Harvey, R. J. 196S. Damage to Streptococcus lactis 
resulting from growth at low pH. J. Bacterial. 90: 
1330-1336. 

61. Hata, T., R. Hayashi, and E. Doi. 1967. 
Purification of yeast proteinases. Part I. 
Fractionation and some properties of the proteinases 
Agric. Biol. Chem. 31:1S0-1S9. 

62. Heap, H. A., R. C. Lawrence. 1981. Recent 
modifications to the New Zealand Activity test for 
cheddar cheese starters. New Zealand J. Dairy Sci. 
and Technol. 16:91-94. 

63. Herbert, D., R. Elsworth, and R. C. Telling. 19S6. 
The continuous culture of bacteria; a theoretical 
and experimental study. J. Gen. Microbial. 14: 601-
622. 

64. Hogg, D. M., and G. R. Jago. 1970. Extraction 
of the 260 nm-absorbing material from group N 
streptococci as a method for estimating cell growth. 
J. Dai r y Res. 37:199-202. 



65. Holzer, H., H. Betz, and E. Ebner. 1975. 
Intracellular proteinases in microorganisms. 
Curr. Top. Cell Regul. 9:103-148. 

190 

66. Hong, G. L. 1981. Economical bulk lactic culture 
concentrates for manufacturing American style cheese 
Ph.D. Thesis. Utah State University. 156 pp. 

67. Horowitz, W., ed. 1980. Page 182 in Official 
Methods of Analysis of the Association of the 
Official Analytical Chemists. Thirteenth edition. 
Publ. by Association of Official Analytical 
Chemists. Washington D. C. 

68. Horrall, B. E., and P. R. Elliker. 1950. An 
activity test for cheddar and cottage cheese 
starters. J. Dairy Sci. 33:245-249. 

69. Hough, J. S . , and I. S. Maddox. 1970. Yeast 
autolysis. Process Biochem. 5: 5 0-52. 

70. Husain, I., and I. J. McDonald . 1957. Amino acids 
and utilization of sodium caseinate by lactic 
streptococci. Can J. Microbiol. 3:487-491. 

71. Kanasaki, M., S. Breheny, A. J. Hillier, and G. R. 
Jago. 1975. Effect of temperatur~ on the g r o wth 
and acid production of lactic acid bacteria. 1. 
A rapid method for the estimation of bacterial 
populations in milk. Aust. J. Dairy Technol. 
30:142-144. 

72. Keen, A. R. 1972. Growth studies on lactic 
streptococci. II. The effect of agitation on the 
growth characteristics of Stre..E_tococcus lactis ML 8 
in batch culture. J. Dairy Res. 39:141-152. 

73. Keen, A. R. 1972. Growth studies on the lactic 
streptococci. III. Observations on continuous 
growth behavior in skimmilk. J. Dairy Res. 
39:152-160. 

74. Kinsella, J. E., and K. J. Shetty. 1978. Yeast 
proteins: Recovery, nutritional and functional 
properties. Pages 797-825 in M. Friedman, ed. 
Advances in experimental medicine and biology. 
Vol. 105. Plenum Press, New York, NY. 



75. Kizer, D. E., M. L. Hankin, M. L. Speck, and 
L. W. Aurand. 1955. Stimulation of lactic acid 
bacteria by substancers concomitant to certain 
proteolytic enzymes. J. Dairy Sci. 38:303-309. 

76. Knight, S., W. Smith, and J.B. Mickle. 1972. 
Cheese whey disposal using Saccharomyces fragilis 
yeast. Cultured Dairy Prod. J. 1:17-22. 

77. Knorr, D., K. J. Shetty, L. F. Hood, and 
J. E. Kinsella. 1979. An enzymatic method for 
yeast autolysis. J. Food Sci. 44:1362-1365. 

191 

78. Koburger, J. A., M. L. Speck, and L. W. Aurand. 
1963. Identification of growth stimulants for 
Streptococcus lactis. J. Bacterial. 85:1051-1055. 

79. Kominami, E., H. Hoffschulte, L. Leuschel, K. Maier, 
and H. Holzer. 1981. The substrate specifi c ity 
pf proteinase B from baker's yeast . Biochim. 
Biophys. Acta 661:136-141. 

80. Krishna, B. M., and S. M. Dutta. 1974. 
Intracellular proteases from Streptococcus lactis 
and Streptococcus cremoris. Milchwissenschaft 29: 
23-25. 

81. Kuehler, C. A., and C. M. Stine. 1974. Effect of 
enzymatic hydrolysis on some functional properties 
of whey protein. J. Food Sci. 39:379-382. 

82. Lamprech, E. D., and E. M. Foster. 1963. The 
survival of starter organisms in concentrated 
suspensions. J. Appl. Bacterial. 26:359-369. 

83. Law, B. A., E. Sezgin, and M. E. Sharpe. 1976. 
Amino acid nutrition of some commercial cheese 
starters in relation to their growth in peptone
supplemented whey media. J. Dairy Res. 43:291-300. 

84. Law, B. A. 1977. Peptide utilization by group N 
starter streptococci. J. Gen. Microbial. 105:113-
118. 

85. Law, B. A. 1977. Dipeptide utilization by starter 
streptococci. J. Dairy Res. 44:309-317. 



192 

86. Lawrence, R. C., T. D. Thomas, and B. E. Terzaghi. 
1976. Reviews of the progress of dairy science. 
Cheese starters. J. Dairy Res. 43:141-191. 

87. Lawrence, R. C., and T. D. Thomas. 1979. The 
fermentation of milk by lactic acid bacteria. Pages 
187-219 in Bull, Ellwood and Ratledge, eds. 
Microbial Technology. Society for General 
Microbiology symposium 29. Society for General 
Microbiology Ltd. Printed in Great Britain. 

88. Lenney, J. F. 
proteinases. 

1955. A study of two yeast 
J. Biol. Chem. 221:919-930. 

89. Limsowtin, G. K. Y., and B. E. Terzahgi. 1976. 
Agar medium for the differentiation of fast and 
slow coagulating cells in lactic streptococcal 
cultures. New Zealand J. Dairy Sci. and Technol. 
11:65-66. 

90. Limsowtin, G. K. Y., H. A. Heap, and R. C . Law r ence. 
1978. Heterogeneity among strains of lactic 
streptococci. New Zealand J. Dairy Sci . and Technol 
13:1-8. 

91. Lloyd, G. T., and E.G. Pont. 1973. An experimental 
continuous-culture unit for the production of frozen 
concentrated cheese starters. J. Dairy Res. 40: 
149-155. 

92. Lloyd, G. T., and E.G. Pont. 1973. The production 
of concentrated cultures by batch culture. 
Aust. J. Dairy Technol. 28:104-108. 

93 . MacLeod, P., and D. F. Gordon. 1961. Peptides as 
sources of essential amino acids for lactic 
streptococci. J. Dairy Sci. 44:237-242. 

94. Maddox, I. S., and J. S. Hough. 1970. Proteolytic 
enzymes of Saccharomyces carlsbergensis. Biochem. 
J. 117:843-852. 

95. Martini, A. E., M. W. Miller, and A. Martini. 1979. 
Amino acid composition of whole cells in different 
yeasts. J. Agric. Food Chem. 27:982-984. 

96. Matit e , P. H., and A. Wienken. 1967. The vacuole 
as the lysosome of the yeast cell. Arch. Mikrobiol. 
56:148-155. 



97. McDonald, I. J. 1956. Utilization of sodium 
caseinate by lactic streptococci and enterococci. 
Can. J. Microbial. 2:607-610. 

98. McKay, L. L. 1978. Microorganisms and their 
instability in milk and milk products. Food 
Technol. 32:181-185. 

99. Mermelstein, N. H. 1982. Advanced bulk starter 
medium improves fermentation processes. Food 
Technol. 36:69-76. 

193 

100. Mikhlin, E. D., and V. P. Radina. 1981. Activation 
of lactic acid bacteria. Prikl. Biokhim. 
Mikrobiol. 17:348. 

101. Miles Laboratories Inc., assignee. 1970. 

102. 

Cell culture concentrates of lactic acid
producing bacteria used to inoculate milk for 
the production of cheese or other cultured milk 
products. British Patent 1,205,733. 16 Sep. 

Mills, O. E., and T. D. Thomas. 1980. 
development in cheddar cheese: Effect 
of starter proteinase. New Zealand J. 
and Technol. 15:131-141. 

Bitterness 
of the level 
Dairy Sci. 

103. Mills, O. E., and T. D. Thomas. 1981. Nitrogen 
sources for growth of lactic streptococci in milk. 
New Zealand J. Dairy Sci. and Technol. 16:43-55. 

104. Madler, H. W., and V. R. Harwalker. 1981. Whey 
protein concentrate prepared by heating under acidic 
conditions. 1. Recovery by ultra-filtration and 
functional properties. Milchwissenschaft36:537-542. 

105. Mogren, H., G. Hedenskog, and V. Hofsten. 1973. The 
influence of heat processing and mechanical 
disintegration on yeast for single cell protein. 
Physiol. Plant. 29:82-91. 

106. Monti, J. C., and R. Jost. 1978. Enzymatic 
solubulization of heat-denatured cheese whey protein. 
J. Dairy Sci. 61:1233-1237. 

107. Moresi, M., C. Nacca, R. Nardi, C. Palleschi. 1979. 
Factor analysis in a whey fermentation by 
Kluyveromyces fragilis. Eur. J. Appl. Microbial. 
Biotechnol. 8:49-61. 



194 

108. Moresi, M., and E. Sebastiani. 1979. Optimization 
whey fermentation in a shaken flask fermentor. 
Eur. J. Appl. Microbiol. Biotechnol. 8:63-71. 

109. Niven, C. F., Jr. 1944. Nutrition of Streptococcus 
lactis. J. Bacteriol. 47:343-350. 

110. Northrop, J. H. 1926. A convenient mehtod for the 
formol titration. J. Gen Physiol. 9:767-769. 

111. Nour El-Dien, H., A. Halasz, A. Lengyel. 1981. 
Attempts to utilize whey for the production of yeast 
protein. Part I. Effect of whey concentration, of 
ammonium sulphate and of phosphate. Acta Aliment. 
10:11-25. 

112. Nour El-Dien, H., and A. Halasz. 1982. Attempts 
to utilize whey for the production of yeast protein. 
II. Effects of biotin concentration and whey content 
at constant lactose concentration. Acta Aliment. 
11: 11-19. 

113. Nour El-Dien, H., and A. Halasz. 1982. Attempts to 
utilize whey for the production of yeast protein. 
III. Effect of some vital growth factors. Acta 
Aliment. 2:125-134. 

114. Ohmiya, K., and Y. Sato. 1975. Purification and 
properties of intracellular proteinase from 
Streptococcus cremoris. Appl. Microbial. 30: 
738-745. 

115. O'Leary, J., and C. L. Hicks. 1983. Effect of 
single strain proteolytic negative and proteolytic 
positive starter cultures on cheese yield. J. Dairy 
Sci. 66(Suppl. 1):73.(Abstr.) 

116. Olson, H. C., and A. H. Qutub. 1970. Influence of 
trace minerals on the acid production by lactic 
cultures. Dairy Sci. Abstr. 33:139. 

117. Orberg, P. K., W. E. Sandine, and J. W. Ayres. 1983. 
Autolyzate of whey-grown Kluyveromyces fragilis as a 
substituted for yeast extract in starter media. 
J. Dairy Sci. 66(Suppl.1):65. (Abstr.) 

118. Payne, J. W., and C. Gilvarg. 1968. Size 
restriction on peptide utilization in Escherichia 
coli. J. Biol. Chem. 243:6291-6299. 



119. Pearce, L. E. 1969. Activity tests for cheese 
starter cultures. New Zealand J. Dairy Sci. and 
Technol. 4:246-247. 

195 

120. Pearce, L. E., N. A. Skipper, and B. D. W. Jarvis. 
1974. Proteinase activity in slow lactic acid 
producing variants of Streptococcus lactis. 
Appl. Microbial. 27:933-937. 

121. Penman, C. S., and J. H. Duffus. 1975. The effects 
of various growth temperatures on nuclear division 
DNA and RNA in the budding yeast Kluyveromyces 
fragilis. J. Gen. Microbial. 90:181-182. 

122. Peppler, H. J. 1978. Yeasts. Pages 191-202 in 
D. Perlman and G. T. Tsao, eds. Annual reports on 
fermentation processes. Vol. 2. Academic Press, 
New Yo rk, NY. 

123 . Peppler, H. J. 1979. Production of yeasts and 
yeast products. Pages 157-185 in H. J. Peppler 
and D. Perlman, eds. Vol 1. Microbial technology: 
Microbial processes. Academic Press, New York, NY. 

124. Pettersson, H. E. 1974. Studies on batch production 
of bacterial concentrates from a mixed species lactic 
starters. Appl. Microbial. 29:133-140. 

125. Pont, E. G., and G. L. Holloway. 1968. A new 
approach to the production of cheese starter. Some 
preliminary investigations. Aust. J. Dairy 
Technol. 23:22-29. 

126. Porges, N., J. B. Pepinsky, N. C. Hendler, and 
S. R. Hoover. 1950. Biochemical oxidation of dairy 
wastes: II. Comparative study of yeasts. Sewage 
and Ind. Wastes 22:888-892. 

127. Porges, N., J. B. Pepinsky, and L. Jacewicz. 1951. 
Feed yeast from dairy by-products. J. Dairy Sci. 
34:615-621. 

128. Ramasamy, V., and A. M. Natarajan. 1980. Amino 
acid requirements of lactic acid bacteria. Cheiron 
9:38-42. 

129. Reiter, B., and J. D. Oram. 1962. Nutritional 
studies on cheese starter I. Vitamin and amino 
acid requirements of single strain starters. J. 
Dairy Res. 29:63-77. 



196 

130. Rice, G. H., F. H. C. Stewart, A. J. Hillier, 
and G.R. Jago. 1978. The uptake of amino acids and 
peptides by Streptococcus lactis. J. Dairy Res. 
45:93:107. 

131. Richardson, G. H., C. A. Ernstrom, and G. L. Hong. 
1980. The use of defined starter strains and culture 
neutralization in U. S. cheese plants. Fourth 
Bieniel Cheese Industry Conf. Proc., Utah State Univ. 

132. Richardson, G. H., and L. E. Pearce. 1976. A 
laboratory batch fermentor with differential 
electrode pH control. New Zealand J. Dairy Sci. and 
Technol. 11:83-87. 

133. Richardson, G. H., J. M. Kim, and C. Daly. Protease 
negative lactic culture mutants for cheese 
manufacture. (submitted for publication). 

134. Robinson, B. P., J. L. Short, and K. R. Marshall. 
1976. Trad itional lactalbumin- manufacture, 
properties and uses. New Zealand J. Dairy Sci. and 
Technol. 11:114-126. 

135. Roeper, J. 1974. Formal titration method of 
estimating true protein and casein in skim milk. 
New Zealand J. Dairy Sci. and Technol. 9:49-50. 

136. Ruckdeschel, F. R. 1981. Least squares 
approximation. Pages 7-88 in Basic Scientific 
Subroutines. Vol. 2. Byte/Mcgraw Hill, Peterborough, 
NH. 

137. Sandine, W. E. 1976. New techniques in handling 
lactic cultures to enhance their performance. J. 
Dairy Sci. 60:822-828. 

138. Sandine, W. E., D. L. Willrett, and J. W. Ayres. 
1980. Field experience with internal pH-controlled 
starter medium. Fourth Biennial Cheese Industry 
Conf. Proc. Utah State University, 28 Aug. 

139. Sandine, W. E., and J. W. Ayres. 1981. Method and 
starter compositions for the growth of acid 
producing bacteria and bacterial compositions 
produced thereby. U. S. Patent 4,282,255. 4 Aug. 



197 

140. Shehata, A. E., M. N. I. Magdoub, E. 0. Fayed, and 
A. A. Hofi. 1980. Stimulation of lactic starter 
cultures by filtrates from milk cultures of some 
proteolytic sporeformers. 3. Bacillus circulans 
culture filtrate. Milchwissenschaft 35:607-609. 

141. Shelaih, M. S., A. Y. E. Gamay, S. L. Wright, and 
G. H. Richardson. 1983. Temperature sensitivities 
of proteinase negative variants of lactic 
streptococci. J. Dairy Sci. (submitted). 

14 2. Shetty, K. J., and J.E. Kinsella. 1979. 
Preparation of yeast protein isolate with low 
nucleic acid by succinylation. J. Food Sci. 44: 
633-638. 

143. Skupin, J., F. Pedziwilk, A. Giec, K. Nowakowska, 
K. Trojanowska, and B. Jaszewski. 1977. 
Nutritive value of propionibacteria and lactose
fermenting yeast grown in whey. J. Food 
Process. Preserv. 1:207-216. 

144. Skupin, J., A. Giec, F. Pedziwilk, B . Stasinska, 
K. Trojanowska, and K. Nowakowska. 1978. The effect 
of preparation and drying conditions of bacterial 
and yeast bacterial biomasses on the biological value 
of protein vitamin concentrates. Acta Aliment. 
Pol. 4:71-82. 

145. Smith, F. R. 1943. Nutritional studies on 
Streptococcus lactis 1. An unidentified growth 
factor found in yeast extract. J. Bacteriol. 
46:369-371. 

146. Smith, J. S., A. J. Hillier, G. J. Lees, and 
G. R. Jago. 1975. The nature of the stimulation 
of the growth of Streptococcus lactis by yeast 
extract. J. Dairy Res. 42:123-138. 

147. Speck, M. L., and R. A. Ledford. 1958. Acceleration 
of cottage cheese making by using starter culture 
stimulants. J. Dairy Sci. 41:705. 

148. Speck, M. L., and W. T. Williamson. 1958. The 
influence of stimulatory peptides on proteolysis 
of milk by lactic streptococci. J. Dairy Sci. 
41: 705-70 6 

149. Speck, M. L., and J. A. Koburger. 
of dry st arter cultures in milk. 
10 : 496- 4 9 19. 

1962. Activation 
Appl. Microbiol. 



198 

150. Stadhouders, J., L.A. Jansen, and G. Hup. 1969. 

151. 

Preservation of starters and mass production of 
starter bacteria. Neth. Milk Dairy J. 23:182-199. 

Sussman, A. J., and C. Gilvarg. 1971. 
transport and metabolism in bacteria. 
Biochem. 40:397-408. 

Peptide 
Annu. Rev. 

152. Terzaghi, B. E., and W. E. Sandine. 1975. Improved 
medium for lactic streptococci and their 
bacteriophages. Appl. Microbial. 29:807-813. 

153. Thomas, T. D., B. D. W. Jarvis, and N. A. Skipper. 
1974. Localization of proteinase(s) near the cell 
surface of Streptococcus lactis J. Bacterial. 
118: 329-333. 

154. Thomas, T. D., and R. J. Lowrie. 1975. Starters 
and bacteriophages in lactic acid casein manufacture. 

1. Mixed strain starters. J. Milk Food Technol. 
38:269-274. 

155. Thomas, T. D., and K. W. Turner. 1977. Preparation 
of skim milk allow harvesting of starter cells from 
milk cultures. New Zealand J. Dairy Sci. and 
Technol. 12:15-21. 

156. Thomas, T. D., and 0. E. Mills. 1981. Proteolytic 
enzymes of starter bacteria. Neth. Milk Dairy J. 
35:255-273. 

157. Turner, K. W., G. P. Davey, G. H. Richardson, and 
L. E. Pearce. 1979. The development of a starter 
handling system to replace traditional mother 
cultures. New Zealand J. Dairy Sci. and Technol. 
14:16-22. 

158. Vananuvat, P. and J. E. Kinsella. 1975. Extraction 
of protein low in nucleic acid from Saccharomyces 
fragilis grown continuously on crude lactose. 
J. Agric. Food Chem. 23:216-221. 

159. Vananuvat, P., and J.E. Kinsella. 1975. Protein 
production from crude lactose by Saccharomyces 
fragilis. Continuous culture studies. J. Food 
Sci. 40:823-825. 

160. Vananuvat, P., and J. E. Kinsella. 1975. Production 
of yeast protein from crude lactose by Saccharomyces 
fragilis. Batch culture studies. J. Food Sci. 
40:336-34 1. 



199 

161. Van der Zant, W. C., and F. E. Nelson. 1954. 
Characteristics of some endocellular peptidases 
of Streptococcus lactis. J. Dairy Sci. 37:795-804. 

162. Vosti, D. C., M. A. Joslyn. 1954. Autolysis of 
baker's yeast. Appl. Microbial. 2:70-78. 

163. Vosti, D. C., M.A. Joslyn. 
several pure culture yeasts. 
2:79-84. 

1954. Autolysis of 
Appl. Microbial. 

164. Wasserman, A. E., W. J. Hopkins, and N. Porges. 
1958. Whey utilization. Growth conditions for 
Saccharomyces fragilis. Sewage and Ind. Wastes 
30:913-920. 

165. Wasserman, A. E. 1960. The rapid conversion of whey 
to yeast. Dairy Eng. 77:374-379 . 

166. Wasserman, A. E. 1960. Whey utilization. II. 
Oxygen requirements of Saccharomyces fragilis growing 
in whey medium. Appl. Microbial. 8:291-293. 

167 . Wasserman, A. E. 1960. Whey utilization. IV. 
Availability of whey nitrogen for the growth of 
Saccharomyces fragilis grown in whey. J. Dairy 
Sci. 43:1231-1234. 

168. Wasserman, A. E. 1961. Amino acids and vitamin 
composition of Saccharomyces fragilis grown in 
whey. J. Dairy Sci. 44:379-386. 

169. Wasserman, A. E., J. Hampson, N. F. Alvare, and 
N. J. Alvare. 1961. Whey utilization. V. Growth 
of Saccharomyces fragilis in whey in a pilot plant. 
J. Dairy Sci. 44:387-392. 

170. Westhoff, D. C., R. A. Cowman, and M. L. Speck. 
1971. Isolation and partial characterization of a 
particulate proteinase from a slow acid producing 
mutant of Streptococcus lactis. J. Dairy Sci. 
54:1253-1258. 

171. Wilkowski, H. H., and E. R. Fouts. 1958. 
Continuous and automatic propagation of dairy 
cultures. J. Dairy Sci. 41:49-56. 

172. Williamson, W. T., S. B. Tove, and M. L. Speck. 
1964. Extracellular proteinase of Streptococcus 
lactis. J. Bacterial. 87:49-53. 



173. Willrett, D. L., J. W. Ayres, and W. E. Sandine. 
1981. Internal pH-controlled starter medium. 
J. Dairy Sci. 64(Suppl. 1):48. (Abstr.) 

200 

174. Wolf, D. H. 1980. Control of metabolism in yeast 
and other lower eukaryotes through action of 
proteinases. Adv. Microb. Physiol. 21:267-338. 

175. Wolk, J., and R. P. Tittsler. 1958. Effect of 
temperature on acid production by Streptococcus 
lactis and Streptococcus cremoris. J. Dairy Sci. 
41:705. 

176. Woods, F. C., and J. E. Kinsella. 1980. Isolation 
and properties of protease from Saccharomyces 
carlsbergensis. J. of Food Biochem. 4:79-98. 

177. Wright, L. D., and H. R. Skeggs. 1944. The gr owth 
requirements of certain streptococci. J. Bacteriol. 
48:117-118. 

178. Wright, S. L., and G. H. Richardson . 1982. 
Optimization of whey-based or nonfat dry milk-based 
media for production of pH controlled bulk l ac ti c 
cultures. J. Dairy Sci. 65:1882 - 1889. 

179. Yu, R. S. T., T. V. Hung, A. A. Azad. 1982. Rapid 
screening of highly purified plasmids in lactic 
streptococci. Aust. J. Dairy Technol. 
37:99-103. 

180. Zottola, E. A., and E. H. Marth. 1966. Dry-blended 
phosphate-treated milk media for inhibition of 
bacteriophage active against lactic streptococci. 
J. Dairy Sci. 49:1343-1349. 



VITA 

Steven Larry Wright 

Candidate for the Degree of 

Doctor of Philosophy 

Dissertation: A Lactic Culture Stimulant Blend from 
Kluyveromyces fragilis and Whey 

Major Field: Nutrition and Food Sciences 

Biographical Information: 

201 

Personal Data: Born February 27, 1955, in Salt Lake 
City, Utah, son of James R. and Jeanne C.Wright. 

Married to Marsha Lee Pickett, February 18, 1977; 
children James, Angela and Rachel Lee. 

Education: Graduated from Hillcrest High School in 
1973; received Bachelor of Science degree from 
Brigham Young University in Microbiology, in 
1978. 

Professional Experience: Laboratory instructor of 
Food Analysis at Utah State University, 1979 and 
1981. Research assistant at Utah State 
University from 1978 to 1984. 


	A Lactic Culture Stimulant Blend from Kluyveromyces fragilis and Whey
	Recommended Citation

	tmp.1484854913.pdf.efNH8

