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PRESERVATION OF MIXED STRAIN LACTIC ACID 
STARTER CULT~S BY FREEZING 

INTRODUCTION 

Various commercial l aboratories supply l ac tic acid 

starter cultures tha t are more or less carefully selected 

for acid and flavor production depending upon their use 

in t he dairy industrie s . These are supplied either in 

liquid or powder for m. In the dairy plant these cultures 

are maintained in an active state by transferring them 

daily in a milk under aseptically controlled conditions 

and are employed for the preparation of bulk cultures for 

use in dairy products . Ordinarily a number of mother 

cultures are carried so tha t compari sons be t ween them 

can be made and only t hose of satisfactory quality 

selected for use . The need for dail y transfer of the 

mother culture increases t he chEmce for defects to occur 

due to infection wi.th bacteriophage, los s of flavor, low 

acid production , and contamination with undesirable 

bacteria . Elimination of the dail y transfer of cultures , 

by holding for extended periods would result in a lower 

incidence of defective cultures . 

Low temperatures have been recommended for holding 

of coagula ted liquid or powdered cultures in plants before 

they are activated. Freezing also has been used with 

variable success, to achieve this end. The pur pose of the 
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research outlined in this manuscript has been to increase 

the survival and activity of lactic aoid starter cultures 

at temperatures . below freezing by determining some of the 

f actors responsible for their death. 
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HISTORICAL 

The use of sub-freezing temperatures for the preser
vation of bacteria has been under investigation for many 

years. The earlier studies were concerned with the 

germicidal ef:feots of freezing. Thus many investigations 

were conducted on ice and frozen foods to ascertain, the 

presence of pathogenic organisms and later to determine 

their resistance to the freezing and thawing process . 

These investigations were concerned with the resistE:W.ce 

of the organisms and the protection afforded by the 

menstruum in whieh the organisms ere frozen. 

Numerous theories have been proposed to explain the 

freezing death of mieroorga.nisms . These haveattributed 

the death of microorganisms on freezing to one or more of 

the following causes: (1) crushing action of ice crystals, 

(2) toxicity of solutes concentrated within and without 

the cell, (3) starvation, and (4) destructive metabolism. 

Mechanical Destruction Theorz; .9! Freesi.ng Death. 

Keith (20, p . 879) held the opinion that the immediate 

death of bacteria by freezing resulted from the crushing 

action of extracellular·' ice. This view was based on the 

results of quantitative studies of bacteria suspended in 

a number of different medium. The greatest mortality was 

observed to occur in water. He regarded the higher 

mortali~ in·water as resulting from a complete 

http:Freesi.ng
http:resistE:W.ce
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crystalization which offers no r efuge from the crushing 

action of growing ice crystals. Hilliard and Davia 

(15, PP • 427•430) held views which were ,ssentially the 

same as those of Keith. fbey were convinced that the 

crushing action of extracellular ioe was the factor 

responsible for the death of bacteria by freezing. Their 

views were baaed on the observation that colloids exert 

a protective effect and that there was a greater mortality 

in suspensions frozen in water than in supercooled gluoose 

solutions. They also noted that there was a greater 

mortality with repeated freezing and thawing. Weiser and 

Osterud (55, PP • 436-437) concluded from their studies 

that the death of a number of cells takes place as a 

result of mechanical action of extracellular ice crystals. 

This immediate death occurs at a brief stage in the 

freezing process duri.ng which extracellular ice formation 

is being completed. They baaed their conclusions on the 

observation that marked i mmediate death of Escherichia 

coli occurs ith freezing at temperatures just below 

0°0. at which intracellular ice should not form, and that 

most marked death occurs only during the final stages of 

ice formation. 

Noskova (36, pp . 449-459) reported that at -30°0. 

death of yeast cells takes place only in the first stages 

of freezing when mechanical action of ice is possible . 

Smith and Swingles (43; pp. 481-483) oonolusions that the 



5 

critical point was near 0°0., tend to add additional 

evidence that ice formation and hence its mechanical or 

crushing action is responsible :for freezing death. 

Hollander and Nell (17, PP• 164-169) believed that im

mediate death is due to mechanical compression. The 

pressure is due to the fact t hat water expands 9% when 

it changes to ice and the damage arise.s from the same 

forces that cause bursting of, enclosed vessels when water 

freezes into ice. They also suggested that the loss 

which occurs during stQrage of frozen bacteria may be due 

to the same factors that result in death above freezing, 

although some temperature level such as the eutectic 

point may be a cr1tical te:mpera.ture above which satis

factory preservation is not possible. 

Recently Harrison and Cerroni (10, p. 59) compared 

:freezing death with the death of organisms subjected to 

violent shaking in a Mickle tissue disentegrator and 

found that there was no correlation between resistance 

to the abrasive action of beads and survival of freezing 

and thawing process. He therefore suggests that mechanical 

crushing of the cells is not the factor responsible for 

freezing death. 

'J.Iheor:r .2,! Concf2ntrat.1on ,gt §,olutes .!!. Cause of 

?reezing Deatb. Other workers have attributed freezing 

death to the presence of toxic substances which are con

centrated around the cell on freezing. Haines (6, PP• 
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461-462) working with several species including spores, 

Staphlococcus aureus, and Bacillus pyooyaneus found that ~· 

pyooyaneus was least r esistant to freezing . By freezing and 

storing a t temperatures from -1°C . to -20°C. he was able 

to associate a very rapid rate of death with a highe:r 

temperature of -2°0. Further when he prepared "native 

protein of ~· pyocyaneu~ he found that this protein was 

flocculated rapidly at -2oc., but slowly if at all at 

-2ooc . He concluded from this tha t freezing death could 

be attributed to changes leading to floccula tion of 

cellular ~rotein. Weiser and Hargiss (54, p . 78) theorized 

that death of a number of cells may take place not only as 

a result of mechanical action of ice, but also as a result 

of concentration of solutes in the intracrystallic film. 

They suggest that most marked death occurs only during the 

final stages of ice formation when the intercrystallic 

films may presumably become so limited as no longer to 

aocomodate the cells. Death probably begins in the very 

early stage s of ice formation and increase s in rate as the 

solutes in the intercrystallic films becomes more concen

tra ted finally to reach a constant maximum at the com

pletion of ice formation. Noskova (36, pp. 449-456) 

suggests that the destruction. of yeasts on freezing at 

-11°C. is due to the action of a high concentration of 

solutes on protoplasm proteins. The concentration of 

solutes within the cell and in the surrounding medium 
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being formed as a result of the freezing out of water . 

Lovelock (26, pp . 423-425) concluded that damage on 
\ 

fre ezing results largely from the concentration of 

electrolytes within the cell. In the presence of glycerol 

this concentration o:f electrolytes is greatly reduced. 

Hampil (7, PP • 190-193) suggested that repeated 

freezing and thawing disrupts the relationship of water 

and protein molecules to such an extent t hat death occurs 
' 1 

more readily t han when freezing temperatures are maintained 

constant over a long period of time. Thus she is also 

suggesting a floccula tion or denaturation of protein as a 

cause of freezing death. 

Richardson and Soherubel (39, pp . 1515-1564) and 

Maximov (32, pp . 259-291) noted that just below the 

freezing point of water ice formed in extracellular spaces 

sooner than it did within the cells. They believed that 

water was t hen extracted from t he cells and death occured 

from a rise in concentration of certain salt s which are 

toxic. Squires and Hartsell (44• pp . 40-45) believed that 

freezing kill was not entirely the r esul t of mechanical 

destruction by ice crystal :formation but probably due to 

an uneven distribution of t he solutes contained in the 

intercrys tallic film. _Freezing kill then proceeds until 

the colloids of t he bacterial cell come to equilibrium 

with the solutes with which it is confined. The authors 

also believe~ t hat free zing caused a denaturation and/or 
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flocculation of various cellular protein complexes during 

ato~age. That freezing effects cellular colloids is 

sugges ted by t he work of Callow {3, pp . 303-323) who showed 

that repeated freezing irreversibly destroys the structure 

of gelatin gels . 

Starvation and Destructive Metabolism as ~ C@:u.se 

~Freezing Death. Keith (20, PP • 877-879) concluded that 

low temperature alone does not destroy bacteria; but 

appears to favor bacterial longivity by diminishing de

structive metabolism. In other words the oomparative·ly 

rapid death of bacteria at higher temperatures and their 

elower dying at lower temperature agrees with the theory 

of destructive metabolism. At temperatures where metabo

lism ceases altogether the cells continue to exist in a 

state of suspended animation. Hampil (7, PP• 190-193) in 

her review of low temperature work states that the preser

vation of bacterial cultures at low temperatures is due 

to cessation of metabolism. 

Hilliard and Davis (15, PP• 423...431) suggest that the 

germicidal action of freezin8 temperatures is due to 

interference with me tabolism and that cells then die by 

prolonged suspension of metabolic activities leading to 

slow death from old age or starvation. That some factor 

does interfer with the nu trition of frozen and thawed 

cultures is shown by the work of Sulzbaeker (47, pp . 341

343) who found that freezing and thawing induces a long 
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lag phase for psychrophilic organisms, while Hartsell 

(12, pp. 1072-1077) showed that a highly nutritive plating 

medium was needed for bacteria exposed to freezing. 

Gunderson and Rose (5, pp. 254-263) noted that the ability 

of Esch'erichi~ .2..211 and Aerobacter aerogenes to grow on 

viole t red bile agar decreased progressively with storage 

in a frozen state until only 12 to 15%of the viable cells 

present could initiate growth. 

It is obvious from a review of the work accomplished 

so far that no single theory completely answers the 

question of freezing death. It would be safer to say that 

freezing death can be attributed to the several inter

dependent factors which have been proposed in the various 

theories to date. 

Theories £! Protection from Freezing Death. One of 

the variables which may effect the survival of bacteria at 

sub-freezing temperatures is the physical and chemical 

composition of the medium in which they are frozen. 

Numerous workers have investigated the survival of bacteria 

in water , sugar, glycerol, salt solutions, and various 

water-bearing foods , and broth. Keith (20, pp. 877-879) 

obtained a large percentage of viable cells of !• gg!! 

after holding at -20°0. in 5% to 42% glycerol for six 

months. Smith , Fogle , and Smile s (42, PP• 186-195) 

studied the formation and dissolution of ice crystals in 

the presence of glycerol. ~hey observed that channels 
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and spaces formed into which cells could lodge and thus 

escape the effects of ice crystallization. 

Luyet and Gehenio (29, PP • 107-118) concluded that 

the protective action of glycerol against freezing injury 

depended on its penetration into the tissues , relatively 

low toxicity, and a low eutectic point . Lovelock (26, 

pp . 28-36) believed that glycerol exerted its full pro

tective effect against hemolysis of r ed blood cells from 

freezing and t hawing only when present within and without 

the cells. They suggested that in the presence of glycerol 

the concentration of electrolytes by freezing is greatly 

reduced and that this was sufficient to explain its pro

tective action. 

Hollander and Nell (17, PP • 164-169) theorized that 

the protection offered by glycerol against the effects of 

freezing could be explained by its physical character

istics when in solution. They suggested that when a 

solution of glycerol and water is cooled pure ice 

separa tes , the glycerol concentrates, and the freezing 

point is lowered. It is possible then that the progressive 

concentration of glycerol during freezing of a dilute 

solution may permit the ice to arrange itself during 

freezing with less internal stress. 

Vase (51, pp., 1043-1047) in stud.ying the influence of 

low temperature on soil bacteria froze Bacillus radicola 

at -15oc. and at -190oc. in t est tubes containing 10 ml. 



--

11 

of a nutrient solution with dextr os e added in incr easing 

amounts from o.Ol% to 15?$ . He found tha t t he concentration 

of t he medium had no eff ect when the temperature was 

lowered below t he eutectic point of the sugar, but at 

temperatures above the eutectic poin t the sugar showed a 

marked protective action. McFarland (33, pp, 481-492) 

found tha t concentra tions of 30% to 50% sucrose retarded 

the destruction of E. ooli and some species of Saccha

romyces • 

.Milk and 'lilk constituents have been u.sed to protect 

cells f rom the destructive action of freezing and thawing. 

Vereshchagina (52, pp. 3-6) incubated mixed starters of acid 

producing, and aroma produci ng streptococci in milk for 2 

to 3 hours after coagulation and held them at 5° to 8oc. 

for several hours . Samples were t hen stored a t -2100. for 

30 days, some were kept frozen while others were thawed 

out f our times. The frozen samples retained activity 

during t he month, coagula ting milk after 16 hours and 

af ter 12 hours on. t he t hi r d subculture. The intermittently 

thawed samples were much les s active, after 20 days they 

took 24 hours to coagulate milk. Sampl es stored at room 

temperature remained active only for 10 days. Recently 

Johns (18, p. 32) found tha t cultures neutralized to an 

acidity of 0.16% with 40% sodium hydroxide and frozen 

reta i ned a higher degree of activity than unneutralized 

cultures. 
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SECTION I 

THE EFFECT OF TEN~ERATUltE OF FREEZING AND THAWING 
ON THE RECOVERY OF LACTIC ACID STARTER CULTURES 

The temperature of thawing and especially the temper

ature of freezing has been considered by various workers 

in studies of freezing d.eath. Temperatures ranging from 

~1 . 5° to -195oc . have been shown to result in the same 

mortality (43 , PP• 481-483) and (6 , PP • 451- 463) . Others 

have reported little or no loss of organisms at the lower 

temperatures ot -30°0 . to - 195°0., but considerable loss 

at temperatures higher than - 30°C . (55 , PP • 413-439) and 

(49 , PP• 61- 78) . This variation in recovery at different 

temperatures may be attributed in part to the freezing 

menstruum and to the organisms . In most reports , howe-ver 

i t is generally concluded that low temperaturas give 

better survival than high temperatures . It has also been 

suggested that the better recovery at the lower temper

atures i s due to the elimination of the lethal effects of 

solute concentration by lowering the temperature below.: 

their eutectic points . 

The fluctuation of tempera·ture especially repeated 

freezing and tha11ing has been reported as being more 

destructive than freezing and storing at a constant temper

ature (55 , PP• 413-439 ), (43 , PP• 481- 483) , and (15 , PP• 

423- 431) . Since under normal conditions it can be expec t ed 
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that the frozen start er cultures might be exposed to 

fluctuating freezing t emperatures , the effects of fluotu~ 

ation will also be considered in t his section. 

A final factor which will be conaidered is the temper

ature and rate of thawing, because it ia an indispensable 

step in the use of frozen cultures . 
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EXPERI rENTAL 

~ Effect .2! §.torage Temperature ,sm Survival of .! 

Lactic Aoid Starter Culture. The cultures used in this-
study were mixed strain commercial lactic acid strepto

coccus starter cultures. Throughout this section and the 

following section these cultures will generally be refered 

to as lactic acid .starter cultures. Activity o:t the 

cultures was maintained by daily transfer in reconstituted 

skim milk and incubation at 21°0. for 16 to 18 hours. 

A flask of reconstituted. skim milk solids which had 

been sterilized at 121°C. for 12 min. was inoculated with 

1% of an active lactic acid starter culture (H4). The 

culture was incubated at 21°0. for approximately 16 hours 

to a pH of 4.7 and then was distributed in 10 ml. amounts 

into sterile screw-cap culture tubes and frozen at -10°0., 

-27°C., and -6400. The tubes were removed at intervals of 

1, 2, 7,, 14, 28, and 42 days and thawed at 32°0. for plate 

counts and for a determination of activity. Plate count 

dilutions were made in distilled water buffered at pH 7.2. 

A medium (T-19) recently developed by Hanneson (8, pp. 125

126) • was used for pouring duplicate plates which were then 

incubated at 32°0. for 2 days before counting. The 

activity teat was performed as outlined in the following 

paragraph . 

To duplicate t ubes of 5 ml. of reconstituted skim 
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Table 1 

Influence of Storage Temperature on Per Cent Recovery of 
Viable Cells of a Lactic Acid Starter Culture. 

Time in 
days Fre~-storage orem~§fure in oentisrffi 

0 100 100 100 

1 55 63 93 

. 2 7 33 60 

14 4 37 60 

28 3 10 70 

42 1 19. 86 
a Percent recovery of viable cells 

..·. 



16 

Table 2 

Influence of Storage Temperature on Per Cent Recovery of 
Activity of a Lactie Acid Sterter Oulture 

Time in 
days Freezine;-stora.~em:: Temperature

1H 
in Centigrade

ill 
0 100 100 100 

1 41 55 77 

2 28 45 74 

7 21 39 81 

14 14 36 77 

28 14 32 77 

42 17 23 65 

a Data represents the per cent recovery of activity.
The activity is based on the amount ot acid produced 
by cultures incubated at 32°0. for 4 hours. 
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milk solids which had been autoclaved for 12 min. at 121°0., 

2% of the culture to be te~ted was add~d and the tubes 

then incubated in a water bath at 32°0. for four hours . 

After incubation the tubes were immediately frozen to 

s~top further growth and were then held until a convenient 

time for titration. The tubes were titrated with N/20 

Sodium hydroxide to a pH of 8 .2 using a Cannon titrimeter. 

The activity of a particular culture is based on the 

amount of acid produced in the four hour incubation 

period. 

The results as shown in Tables 1 and 2 would permit 

one to place considerable importance on the storage temper

ature. At -10°0. there is a very drastic reduction in 

cells numbers and activity after one day storage. T.his 

is followed by a gradual loss over the remaining test 

period until after 42 days there is a 99% loss of viable 

cella and an 83% loss of activity. At -27°C . the loss 

in activity and viable cells occurs after one day, but 

is not as great as that at -10°0. The loss after one day 

being 37% of the viable cells and 45~ of the activity. 

Again this initial loss is followed by a gradual decrease 

in cells numbers and activity, but remains at a higher 

level than cultures frozen at -10°0. The most interesting 

results occur at -64°0. where the recovery of activity at 

the end of 42 days is 10% better than cultures frozen at 

-27°0., and 24% better than culture~ frozen at -10°0. 
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after one day. 

The Effect of Sucrose ~ Sodium. ·chloride ,sm ,!!!! 

Secovery f1! Activity .2! ~Lactic Acid. Starter Culture at 

Various Freezing and Storage . Temperatures. A commercial 

lactic acid starter cultur$' (H4) was incubated in reconsti

tuted skim milk solids and reconstituted skim milk solids 

with 10% sucrose f or 16 hours at 21°0. This culture was 

then divided into two equal portions. To one portion 4% 
sodium chloride was ad~ed. These two portions were then 

divided in half. One half was adjusted to pH 6.5 with 

neutralax, a sesquiearbonate of soda, the other portion 

remained untreated at pH 4 ..7. Ten milliliter a.liquots of 

each of the above condi~~ons were dispensed into sterile 

screw cap tubes and thert frozen at -1000., -22°0., -30°0., 

and -64°0. After 2 weeks the tubes were removed and 

thawed at 32oo. The activity was determined as previously 

described and compared with the activity before freezing. 

The data in Table 3 indicates the very dramatic 

effect of temperature, The recovery of activity is in

creased in tubes of neutralized or unneutralized skim milk 

by approximately 15~ to 20% as the temperature was lowered 

from -10°0. to -64°C. ihen 4% sodium chloride was added 

to the control cultures before freezing there was an 

average of 1~ recovery of activity at -10°0. which was 

only slightly improved as the temperature was lowered. 
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Table 3 

Effect of Various Additives and Freezing- Storage Temper
ature on the Per Cent Recovery of Activity of a 

Lactic Acid Starter Culture 

Additives Freezing-Storage Temperature in Centigrade 

-10 
I!lc 

-22 
m 

-30 
m 

-64 
m 

Controla 
Unneut .. 25 45 72 86 

Control 
Neut,.b 29 42 57 97 

4% NaCl 
Neut. 12 8 17 17 

4% NaCl 
Unneut. 8 11 17 25 

10% Suerosed 
Unneut . 

25 62 80 84 

10% Sucrose 
Neut . 23 64 78 82 

10% Sucrose 
4% Na.Cl 
Unneut . 9 24 34 61 

10% Sucrose 
4% NaCl 
Neut . 26 31 38 43 

a Cultures grown and frozen in 10~ reeonatitued skim milk 
w1 th no addi tivee. Unneutralized pH is 4•7• 

b Neutralized to pH 6.5. 

Data represents the per cent recovery of activity. The 
activity is based on the amount of acid produced by
cultures incubated at 32°0. for 4 hours . 

d Sucrose added before incubation. 

c 
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The addition of 10% sucrose to the control cultures 

does not improve the recovery at -10°0. or at -64°0., but 

results in approximately a 15% to 20% increase at -22°0 . 

and -30°0. The addition of 10% sucrose to cultures con

taining 4%sodium chloride provides approximately a two 

fold increase in recovery at all temperatures when compared 

ith tubes without 10% suorose. 

At -10°0. in t he presence of 4~ sodium chloride and 

10% sucrose neutralization seem to i mprove the recovery 

of activity• 

.l!!!. Effect 51! Teu~E!'tJ!re Fluctuation on the Reoovgry 

!},! Activity .2! !! Fro~en Lactic Acid Starter Oulture .. A 

commercial lactic acid starter (H4) cultured in reconsti

tuted skim milk at 21°C. for approximately 16 hours to a 

pH4.7, was distributed in 10 ml. amounts into sterile 

screw cap tubes and frozen at -30°0., -22°C., and -10°0. 

Some of the tubes were fluctuated between -30°0. and -22°0., 

between -30°0. and -10°0., and between -22°0. and -10°0. 

The remainder of the tubes were held at -30°c., -22°0 •• 

and -10°0. After each fluctuation, tubes were removed 

along with tubes from the three freezing t emperatures 

whieh had not been fluctuated and the activity determined. 

The tubes ~ere subjected to this fluctuation proceedure 

four times, with a 24 hr. storage period at each temper

ature. 
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Table 4 

Effect of Fluctuating the Storage Temperature of a Frozen 
Lactic Acid Starter Culture on the Per Cent 

Recovery of Activity 

Treatment Number of Temperature Fluctuations 
0 

l!Ll 
l m 2 m m mI 

Held at -}ooc . 100 84 83 72 72 

Held 0at -22 c. 100 67 57 45 37 

Held at -10°0. 100 44 39 34 29 

Fluctuated 
from -30°0. 
to-22°c. 100 77 64 51 38 

Fl uctuatgd
from -30 c.· 
to -10°0. 100 61 46 28 19 

Fl uctuated 
froru -22°0. 
to ..lo0 c. 100 48 39 23 18 

a Data represents the per cent recovery of ac tivity. The 
activity is based on the amount of acid produced by
cultures incubated at 32°0. for 4 hours. 
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The results are summarized in Table 4. It can be 

seen that the least loss in activity occurad in those tubes 

held at -300 c. The second best recovery was obtained for 

tubes which had been held at -22°0. and those fluctuated 

between -30°0. and - 22°0 . The r ecovery of activity for 

t hese conditione averaged about 35%less t han tubes held 

at -30°c. The lowest recovery was obtained for tubes 

fluctuated between -30°0. and -l0°c., between -22oc . and 

-10°0., and those held at -10°0. 

~ Effect .9! Repeated Freezing !-!!.!! Thawing 9.!! ..:Pl!! 

Recovery £! Activity ~ Several Lactic ~ Starter 

Cultures, Commercial starter cultures were grown 1n 

reconstituted skim milk solids at 21°0. for approximately 

16 hours to a pH of 4.7. The cultures were then dietrib
t

uted in 5 ml. portions in screw cap tubes and repeatedly 

frozen in a brine bath at -22°0. and thawed in a 32°0. 

water bath. The tubes were held at -22°0. for 1 hour 

before thawing. The activity was determined before 

free zing and after each freezing-thawing cycle. 

The harmful effect of repeated freezing and thawing 

is shown by the results summarized in Table 5. The 

average loss for the six cultures after the second freezing 

and thawing was 28% or almost 3 times greater t han that 

which oocured after the fi.rst freezing and thawing. The 

recovery of two of the cultures , H4 and Hl8, wae approxi

mately 10% to 20% greater than for the other four cultures. 



23 

Table 5 

Effect of Repeated Freezing and Thawing on the l?er Cent 
Recovery of Activi ty of 1aotio Acid 

Starter Cultures 

Cultures Number of Freezing-thawings 
0 i 2 

F m m rh m 
H4 100 96 74 59 38 

H18 100 101 71 59 38 

M 100 89 59 45 21 

FJ3 100 82 50 38 22 

FC 100 93 62 46 22 

04 100 83 61 46 28 

Average 100 91 63 49 28 

a Da t a r epresents t he per cent recovery of activity.
The activity is based on thS amount of acid produced 
by cultures incuba t ed at 32 o. for 4 hours . 
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Table 6 

Effect ot Thawing Temperature on the Per Cent Recovery of 
Activity of Lactic Agid Starter Cultures 

Frozen at - 27 C. for Two Weeks 

Culture Thawing Tempera ture i n Centigrade 
~! 3~ ;7 5oms m m m 

H4 58 46 46 29 

.FB 46 39 39 27 

FC 49 43 47 35 

54 42 42 29 

Average 52 42 43 30 

a Data represents the per cent recovery of activity. 
The activity is based on th5 amount of acid produced
by cultures incubated at 32 c. for 4 hours . 
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:J:he Effect £! Thawing Temperature .sm. the Recovery ~ 

Activity.£! Frozen Lactic Acid Starter C:u.lturE<a. Reconsti

tuted skim milk solids were inoculated with 1% of each of 

fow· lactic ac i d stQ.rter oultures eo·"' only employed in 

the dairy industry. The cultures were incubated at 21oc. 

for approximately 16 hours to pH 4.7. Ten milliliter 

portions were distributed into culture tubes , the activity 

determined and the tubes then frozen at - 27°C . After a 

week they were thawed a,t temperatures of 21oc., 32°0., 

37·0 c., and 50°0. and the activity again determined . 

:E,rom the results in ~able 6 it would appear that 

thawing temperature has little effect on the recovery of 

activity , although at 50°C. the activity is consistently 

lower . The recovery for tubes thawed at 21°0. is about 

10% higher than that at 32°c. and 37°C ., but the most 

significant difference in recovery is between 50°0 . and 

the lower temperatures . 
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DISCUSSION 

From the results it is apparent that the critical or 

dangerous temperature zone presented by Luyet and Gehenio 

(27, p . 253) which extends from 0°c . to -40°0. applies 

also to co ereial lactic starter cultures frozen in skim 

milk. In this range 0°0. to -40°C. storage death is rapid 

but decreasing as the temperature is lowered toward -40°C. 

Several factors may be involved in the improved 

recovery of activity at the lower freezing temperatures. 

At lower temperatures the rate of freezing is increased 

due to the greater temperature differential and thus the 

cells should pass through the critical zone more rapidly 

with a consequent i mprovement in the initial recovery. 

Further the decrease in rate of storage death of the 

cultures at lower freezing temperature may be attributed 

to the effect of temperature on the reaction rate of the 

destructive changes in the medium and the cell as a result 

of lowering the temperature. 

The toxic effect of concentrating salts can be con

sidered one of t he important causes of death at freezing 

temperatures within the critical zone 0°C. to -40°C. At 

temperatures below the eutectic points of the salta, the 

toxic action is eliminated through crystallization of the 

salt, assuming of course t hat the toxic effect of salts 

depends on their being in solution. 
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The addition of 4% sodium chloride ( Table 3) as made 

in an attempt t o dem.onstrate the toxic action of sal t s on 

freezing of commercial l actic acid atar·ter oultures. It 

was fe.l t tha t the addition of more salt to the culture 

prior to freezing would result 1n a greater mortality than 

wpuld be obtained for eultures without the added sodj:u.m. 

chloride. This assumption is not entirely correct sil:1ee 

t he addition of 4% sodium chloride to the culture may 

have altered or damaged the cell prior to freezing render

ing them more susceptible to freezing death• If the cells 

have not been altered by the 4~ added sodium chloride 

then its toxioity should ·be limited by lowering the temper

a ture. Observations indicate only a slight i ncrease in 

per cent reoo-very of activity ·for cultures containing 4% 
sodium chloride at -64°0•, thus it is possible that the 

cells were damaged prior to freezing• That the cells 

were not damaged by the high salt concentration prior to 

freezing is suggested by the f act that the activity for 

cultures containing both 4% sodium chloride a.nd 10% sucrose 

were considerably improved by lowering the temperat~re. 

The lack of a protection action for sucrose at -10°0. 

leads one to believe that destructive forces are so 

rapidly acting or so great as to be impossible to eliminate 

by ·the a.ddition of 10?' suorose. At -64°C. the prot ective 

action of sucrose is either eliminated as a r esult of the 
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temperature being below the eutectic point of the sugar• 

or the maximum survival of a culture at any temperature 

below a certain point, •40°0., may have been obtained. 

This has been suggested by Turner (49, pp. 61-78) who 

found that even at -78°C. there was a slight lose of viable 

organisms of Treponema due to the freezing process, but 

that on storage there was no further loss. Vase (51, pp. 

1043-1047) also demonstrated that sucrose did not improve 

recovery when the temperature was below the eutectic point 

of sugar. 

It is also quite apparent that a fluctuation in 

temperature of 8°0. to 20°0., but still below the freezing 

point is undesirable since each fluctuation of the culture 

will result in a loss of activity comparable to the loss 

observed for tubes held at the higher temperature for the 

same period of time. Weiser and Oesterud (55, PP• 425-428) 

found that fluctuation between temperatures in the range 

-1.5~0. to -195°0. resulted in a mortality intermediate 

between that obtained for controls stored at the two 

temperatures. These observations were also noted for 

lactic acid starter cultures fluctuated between •30°0. and 

-22oo., however after two fluctuations between -30°0. and 

-l0°c •• and between -22°0. and -10°0. the results obtained 

show a poorer recovery of activity t han do the cultures 

stored at -10°0. This indicates that for cultures frozen 

in milk some lethal factors associated with fluctuation 
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exists at the higher temperatures. 

When the temperature fluctuation of cultures involves 

repeated freezing and thawing the destruction of cells and 

the loss of activity is considerable and it appears that 

the greatest loss in activity occurs after the second 

freezing and thawing. This is consistent with other 

published data (15, pp. 423-431), (55, PP • 431-439), (46, 

PP• 293-300), and (9, PP • 711-715). It is conceivable 

that the loss of organisms after the first freezing is 

due to the death of those cella which are damaged or other 

wise more susceptible to freezing. ollowing the first 

freezing, a number of the viable cells remaining may have 

been damaged and are therefore more suso·eptible to the 

effects of the second freezing. Thereafter the ratio of 

damaged tc undamaged cells appears to remain somewhat 

constant for suoeeding freeziug-thawings. 

The lethal factor(s) for fluctuations in temperature 

may be the same as those involved in the death of cells 

on repeated freezing and thawing. This is considered a 

possibility although the culture appears to be completely 

frozen at the highest temperature of fluctuation. Actually 

the higher temperature probably resulted in some melting 

of the extracellular ice, thus diluting the medium directly 

around the cell causing the cell to attempt to adjust to 

the new osmotic pressure .- When the temperature is again 

lowered the vater freezes resulting in a concentration 
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of solutes and a consequent increase in the osmotic 

pressure to which the cell must again attempt to adjust . 

Repeated exposure of t he cells to drastic changes in 

osmotic pressure may result in destruction of the cell 

membrane. The permeability of the membrane may be altered 

and growth initiation after thawing would be slow if the 

cells were not alread;y dead . 

The thawing of cultures at temperatures between 21°0. 

and 370o. in a water bath has little effect on recovery 

when the quantity of frozen oulture is small and thawing 

can be accomplished in a short time (5 to 10 min.). Dubos 

(2, pp~ 101-112) working with Pneumococci found that 

thawing at a high temperature resulted in disruption of 

the cell. He attributed this to the action of autolytic 

enzymes liberated by the process of freezing and to the 

distruotion of some structure of the cell which normally 

prevents cellular enzymes from attacking a substrate of 

cell architecture. Pneumococci, however are notoriously 

delicate organisms and autolyze much more readily than 

most other bac t eria. Therefore it is not possible to say 

with any degree of certainty that this concept applies to 

the lactic acid starter bacteria, although observations 

show less recovery when the cells were thawed at 50°0. 
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SECTION II 

THE EFFECT OF VARIOUS ADDITIVES AND HYDROGEN ION 
CONCENTRATION ON THE RECOVERY OF ACTIVITY 

OF FROZEN LACTIC ACID STARTER CULTURES 

Milk- cream, and milk constituents have been shown by 

several early workers to provide a greater recovery of 

viable organisms than freezing in other menstrua such as 

broth, water , and various buffers. Since milk is the 

usual medium used for culturing commercial lactic acid 

starter bacteria, the organisms are already present 1n 

a medium which offers good protection from freezing death. 

Nevertheless , some loss of activity does occur on freezing. 

The incorporation of additional milk solids in the form 

of skim milk solids, whey solids and sugars including 

sugars other than lactose was considered a possible means 

of improving the reo overy of ae tivity •· The effect of 

hydrogen ion concentration has also been ,oonlsidered as a 

factor in freezing death and will be studi~d in this 

section. 



EXPERIMElTTAL 

l.lm Effect .21. Added Skim mls, Solids l!DA Whey §2l;ids 

on Recovery of Activity 2! Frozen Lactic Acid Starter 

Cultures . Reconstituted skim milk, to which 4, 6, and 10% 

skim milk or whey solids were added was steamed in an 

Arnold sterilizer for 30 min. Flowing steam was used 

rather than steam under pressure, since on autoclaving 

the milk containing the added whey solids coagulated. 

After steaming the milk was cooled to 21°c. and inoculated 

with 1~ of a 16 to 18 hour culture . The inoculated milk 

was then incubated at 21
0c. to a pH of 4 . 7 to 4.8, usually 

12 to 14 hours for 10% solids milk and slightly longer 

for higher solids milk (16 to 18 hours for 20% solids 

milk) . The culture was then dispensed in 5 ml. quantities 

and alternately frozen and thawed as described in Section 

I page 22 . 

The average recovery of activity for the four cultures 

in 10% reconstituted skim milk (control) was 49% (Table 7) . 

The addition of 4~ skim milk solids provided approximately 

lJ% increase in recovery of activity, while 6% added skim 

milk resulted in approximately a 26% increase in recovery 

of activity.. In 20~ skim milk solids the increase in 

recovery of activity was approximately 35% although one 

of the cultures (FB) in two out of the three replicates 

had an activity which was slightly less than the activity 
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Table 7 

Effect of Added Skim Milk Solids and Whey Solids On Per 
Cent Recovery of Activity of Frozen 

Lactic Acid Starter Cultures 

Cono. of Culture 
solids 
added FB FC M Average!hb m m m m 
Controla 53 42 50 50 49 

Skim milk 

4% 61 55 72 60 62 

6~ 68 70 87 76 75 

10% 75 63 115 82 84 

Whey 

4% 74 72 67 67 70 

6% 79 72 73 80 76 

10% 84 80 96 74 84 

a Cultures grown and frozen in 10% reconstituted skim 
milk solids with no additives. 

b Values represent per cent recovery of activity . The 
activity is based on the amount of acid produced by 
cultures i ncubated at 32°0. for 4 hours·• · 
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in 16% skim milk solids. 

When whey solids are used aa an additive the addition 

of 4% solid~ resulted in approximately 17 to 30% increase 

in z·eaovery. The addition of 6% whey solids does not 

greatly improve the recovery of activity for most of the 

cultures (Table 7). The addition of 10% whey solids 

results in an average increase of 35~ for the four 

cultures tested. Equal concentrations of skim milk or 

whey solids resulted in approximately the same percentage 

increase in recovery of activity . 

Tge Effect of Added Glucose, Sucrose , Jm!! Lactose ,gn 

the Recove1·y of Activity ,2! Lactic !£.!A §tarter Oultures. 

This experiment has been carried out to show that sugars 

can vrotect lactic acid starter cultures from freezing 

death. The sugars were added during reconstitution of the 

skim milk solids. The milk was then sterilized, cooled 

to 21°0., and inoculated with 1% of an active lactic acid 

starter culture. After incubation at 21°0. for approxi

mately 16 to 18 hours to a pH of 4.7 the cultures were 

distributed in 5 ml, amounts in sterile screw-cap tubes 

and subjected to repeated freezing and thawing . · The effect 

of adding the sugars to the cultures just before freezing 

was also determined by adding a slurry of t he various 

concentrations of sugar. Although this resulted in a 

slight dilution of the culture it was not sufficient to 

show a lower initial activity• · 
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Table 8 

Effect of Sugars Added Just Before Freezing on Per Cent 
Recovery of Activity of Lactic Acid Starter 

Cultures Exposed to Repeated Freezing and Thawing 

Cone . of Culture 
sugar
added F FBm FO m m Averift 

Controla 25 28 33 31 29 

Glucose 

2.5% 37 57 58 67 55 

5.0% 46 71 49 60 56 

7.5% 41 78 71 72 66 

Sucrose 

5.0% 47 57 49 85 60 

10.0% 48 72 64 79 66 

15.0% 52 79 82 84 74 

Lactose 

5.0% 48 58 66 55 57 

10.()% 50 70 61 87 67 

15.~ 52 45 70 106 68 

a: Cultures grown and frozen in 10% reconstituted skim 
milk solids with no additives . 

b Values represent per cent recovery of activity. The 
activity is baaed on the amount of acid produced by 
cultures incubated at 3200. for 4 hours . 
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Table 9 

Effect of Sugars Added Before Incubation on Per Cent 
Recovery of Activity of Cultures Exposed to 

Repeated Freezing and Thawing 

Cone . of OultiU"e 
Sugar 
Added FO .M Avemefhe fh m m 
Contro1a 25 28 33 31 29 

Glucose 

2.5~ 45 68 43 59 54 

5.0% 59 73 57 77 67 

7.5% 63 82 61 111 79 

Sucrose 

5.0% 44 89 47 69 62 

10.0% 58 60 57 97 68 

15.0?& 58 87 67 117 82 

Lactose 

5.0% 47 57 67 89 65 

10.0% 56 81 57 135 62 

15.0?' 46 101 81 101 82 

a See Table 8 
b See Table 8 
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Table 10 

Effect of Glycerol Added Just Before Freezing On Per Oent 
Recovery of Activity of Laotic Acid Starter Oultures 

Exposed to Repeated Freezing and Thawing 

Cone. of Culture 
Glycerol 
adsled FB FO M Averagemb m m m m ..... 
Control8 25 28 33 31 29 

Glycerol 

s~O% 48 58 70 81 64 

10.~ 50 70 70 75 66 

15.~ 52 45 52 77 55 

a See Table 8 
b See Table 8 
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The addition of 2.5% glucose, 5% sucrose or lactose 

resulted in almost twice the recovery obtained for the 

control cuJ.ture (Tables 8 and 9). 1'he maximum protection 

based on the average values for the four cultures is 

obtained when 7.5% glucose, 15% sucrose, and 10% lactose 

are added . This average maximum protection results in an 

increase in activity of approximately 40% over the control. 

The variation observed for the individual cultures do not 

indicate the use of more than 5~ to 7.5~ glucose, or 5% 

to 10% sucrose or lactose. For glycerol the maximum 

recovery as obtained ~hen 5% glycerol as added just 

before fr~ ~,~ing and there is an indication that lower 

concentrations could be used (Table 10). The results do 

not in<licate that the addition o:f sugars to the culture 

just before freezing is any more effective than addition 

before incubation. 

! Comparison ,g!. the Effect ,2! Additives, Neutrali

zation Quantity ,2! Frozen O;ul ture and ~ .2!! 1!'!!, Recovery 

Q! Activitr ~Lactic Acid Starter Cultures. The purpose 

of this experiment was to study the effects of various 

conditions on the recovery ot cultures frozen in larger 

quantities . Preliminary experiments indicated about a 

10% to 15% lower recovery in quarts than in tubes. The 

difference in the treatments of tube samples and quart 

samples appeared to be the slow rate of freezing and 

thawing. Therefore to minimize the affect of slow 
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freezing, the cultures stored in quarts were frozen in a 

continuous ice cream freezer and then stored under the 

same conditions as tube samples. 

Six cultures of mixed strain commercial lactic acid 

starters were chosen as representative of those most 

commonly used in the dairy industry. These cultures~e 
maintained in an active condition by transferring daily 

in 10~ reconstituted skim milk . The containers used for 

storing t he cultures were quart paper cartons and screw 

oap tubes. The additives were spray process, low heat, 

non-fat, skim milk solids; whey solids; and sucrose. 

Neutralization of the cultures to pH 6-.5 was accomplished 

by using a 25~ solution of a aesquicarbonate of soda 

(neutralax). 

The skim milk solids were reconstituted to 10% on a 

weight/weight basis. Additives were incorporated at the 

time of reconstituting• ~en gallon culture cans containing 

approximately 75 lbs. of the milk or milk plus additives 

were sterilized at 9'0c. to 100°0• for one hour• The cans 

were then immediately cooled to 21°0• Incubation was 

carried out in a water bath at 21°0. until cultures reached 

approximately a pH of 4.7. The incubation time for 10% 

skim milk solids cultures and 1~% skim milk plus 10~ 

sucrose cultures was between 12 to 16 hours. A longer 

incubation time was required for the 10% whey olide 

cultures and the 20~ skim milk culture due to the increased 
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buffering effect of the added solids . 

After incubation cultures were cooled to prevent 

further growth and were dispensed and frozen as soon as 

possible . Each can o:f culture was divided into two equal 

aliquots. OJI'J.e portion was run through the ice cream 

freezer which w operated at a temperature of -15°0 . to 

-1aoc . When the temperature of the culture had reached 

-2°0. to -3oc. the semi-solid culture was withdrawn from 

the freezer into the quart paper cartons. The tubes 

cultures were taken ~rom the same portion of the culture 

before it was frozen in the ice cream freezer. A sample 

of the culture also was taken at this time for the initial 

activity determination. 

The second half of the culture was adjusted to pH 6.5 

with the 25% solution of neutralax during the time the 

first half of the culture was being frozen in the con

tinuous ice cream freezer. As soon as the machine had 

been flushed clean of the previous culture this neutralized 

culture Wa$ then frozen. Samples of the culture were 

taken just prior to freezing for tube freezing and for the 

initial activity determination. tne continuous freezer is 

always flushed clean with water and sanitized before the 

next batch is frozen. 

All cultures were stored in an ice cream hardening 

room at -23°0. and samples taken for determination of 
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activity at 2, 4, 12, and 14 weeks. The samples were 

thawed in a 32°0. water ba th and the activity determined 

and compared with the initial activity. The results are 

summarized in the tables as per eent recovery o:t activity. 

All the data was statis tically analyzed by the analysis of 

va.rience and. the least significant difference. 9-'he least 

significant difference was determined at the 5~ level. 

When 10?' sucrose was added a significant increase in 

recovery was obtained for 4 of the 6 cultures frozen in 

tubes and for 3 of the 6 cultures frozen in quart cartons. · 

The additions of whey solids provided significant improve

ment for 3 of t he cultures in both tubes and quart cartons, 

while 20% reconstituted skim milk solids provided pro... ., .~~ 

tection for 3 cultures in tubes and 4 of the 6 cultu.res. 

tested in cartons. (Tables 12-48) There was no signi:f"icant 

difference between the additives in their ability to 

protect the cultures from freezing death. 

A comparison of neutralized and unneutralized cultures 

shows a significant loss of 20% to 30% for all 6 cultures 

in tubes and a 11% to 24% l .oss for all cultures in quart 

cartons. 

There appears to be no significant loss over the time 

from 2 to 14 weeks except for 2 cultures , H4 and M. The 

loaa for cultures H4 and M oocured between 4 and 12 weeks . 

There was an 1nitial loss for all oultures during the 

first two weeks . One cannot determine if the various 



Table 11 

Analysis of Variance of Lactic Acid Starter Cultures 
Frozen in Tubes 

Source of 
Variation 

Degrees of 
freedom Hi 

F valuesb for different cultures 
Hl8 l!'B FO c~ M 

Tota1 63 
Replica tes 
Additives 
Erro:r a 

1 
3

l8a 

1.04 
5.35** 

2.87 
1.98 

1.04 
3.04 

1.15 
4-93* 

1.21 
5.02* 

o.oe 
3.30* 

Neutralization 1 14.70** 11.45** 10.60** 13-.46** 6..85* 6.30* 
Neutralization x 
Additives 3 1.10 1.90 1.32 2.74 0.76 1.62 
Error b 24 
Time 3 4.11* 1.36 O.Sl. 2.35 1.49 9.69* 
Error c 18 
Time x Additive 
Error d 

9 
54 

2.68* ~.10 0.45 o.go 1.16 3.29* 

Time x 
Neutral ization 3 0.30 0.86 1.32 1.06 1.22 0.97 
Time x. Additive x 
Neutralization 9 0.37 0.73 0.31 0.84 o.•l6 0.60 
Error e 70 

~ All. error terms are pool.ed er r ors of the 6 cultures used in the experiment 
Variance r atios

* Significant at t he 5% level of probability
** Significant at the 1% level of probabilit.y 
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Table 12 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

FC Frozen in Tubes 

Additive Unneutralized 

ms 
Controlb 
10% sucrose 
10% whey 
10% skim milk 
Neutralization 
means 

24 
63 
98 
83 

67 

eutralized 

m 
27 
45 
47 
36 

39 

Additive 
means m 

26 
54 
72 
60 

a Values represent per cent recovery of activity . The 
activity is based on the amount of acid produced by 
cultures incubated at 32°0 . for 4 hours . 

b Cultures grown and frozen in 10% skim milk without 
additives . 

Least si~nificant difference (LSD) for neutralization 
at the 5% level is 16%. 
LSD tor additives at the 5% level is 26%. 

Table 13 

Influence of Additives and Time on the Per Oent ecovery
of Activity of Lactic Acid Starter Culture FC 

Frozen in Tubes 

Additive Time in weeks Additive 
meansJ;; ili Hi lh m 

Controlb 33 31 20 21 26 
10% sucrose 68 61 44 45 54 
10% whey 85 89 61 55 72 
1()% skim milk 69 62 46 57 60 
Time means 64 62 43 44 

a See Table 12
b See Table 12 
LSD for additives (see Table 12}.
Time not significant. 
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Table 14 

Influence of Neutralization and Time on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

FO Frozen in Tubes 

Neutralization Time 1n weeks Neutralization 
meansilr Ji iii lh m 

Unneutralized 72 77 60 61 68 
Neutralized 55 48 25 28 39 
Time. means 64- 62 43 44 

a Values represent per cent recovery of activity. The 
activit,y is baaed on the amount of acid produced by 
cultures incubated at 32°0. for 4 hours. 

Least significant difference (LSD) for neutralization at 
the 5% level is 16~ . 
Time is not significant. 

Table 15 

Influence of additives and Neutra.lization ·on the Per Cent 
.Reoovery of Activity of Lactic Acid s·tarter Culture 

H4 Frozen 1n Tubes 

Additive trnneutralize.d . Neutralized Additive 

m• m 
means m 

Oontrolb 
10% sucrose 
10% whey
10% skim milk 
Neutralization 

28 
87 
89 
60 
66 

21 
45 
48 
30 
36 

24 
66 
68 
45 

a See Table 14 
b Cultures grown and frozen in 10% ski m milk without 

additives.
LSD for Neutralization (see Table 14).
LSD for Additives at the 5% level is 26%. 
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Table 16 

Influence of Additives and Time on the Per Oent Recovery of 
Activity of Lactic Acid Starter Culture 

H4 l .rozen 1n Tube 

Additive Time in weeks Additive 
meansIE 12Jl4 ~ m fh m 

Oontrolb 36 28 16 18 24 
10% sucrose 94 65 48 56 66 
10% whey 94 84 42 53 68 
10% skim milk 50 52 35 42 45 
Time means 69 57 35 42 

a Values represent per cent recovery of activity. The 
activity is based on the amount of aoid produced by 
cultures incubated at 32°0. for 4 hours . 

b Cultures grown and frozen in 10% skim milk without 
additives. 

Least Significant difference (LSD) for additives at the 
5% level is 26%. 
LSD for time at the 5% level is 22%. 
LSD for time x additives at the 5% level is 16%. 

Table 17 

Influence of Neutralization and Time on the Per Cent Recovery
of Activity of Lactic Acid St art er Culture 

H4 FrQzell in Tubes 

Neutralization Time in weeks Neutralieation 
meansru; 

Un-
1II fu til m 

Neutralized 81 74 50 58 66 
Neutralized 56 40 21 26 36 
Time means 69 57 35 42 

a See Table 16. 
LSD for neutralization at the 5% level is 16%. 
LSD for time (see Table 16). 
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Table 18 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

Oultqre M Frozen in Tubes 

Additive Unneutra1ized Neutralized Additive 

ma m meansm-
Controlb 
10% sucrose 

36 
69 

;o 
51 

33 
60 

10% whey 
10~ skim milk 

54 
95 

48 
47 

51 
71 

Neutraliz~tion 
means 64 44 

a Values repre sent per cent recovery of activity. The 
activity is based on the amount of acid produced by 
cultures inoubatad at 32°0. for 4 hours. 

b Cultures grown and frozen in 10% skim milk without 
additives .. 

Least significant difference (LSD) for additives at the 
5% level 'is 26%. 
LSD for neutralization at the 5~ level is 16~. 

Table 19 

Influence of Additives and Time on the Per Cent Recovery of 
Activity of Laotic Acid Starter Culture 

. M Jrrozen in Tubes 

Additive Time in weeks Additive 
12:rhs· m m m mem 

Controlb 47 38 24 23 33 
l~ sucrose 83 82 37 38 60 
10% 1hey 79 64 29 32 51 
10% skim milk 88 l OS 41 47 71 
Time means 74 73 33 35 51 

a See Table 18. 
b See Table 18. 
LSD for additives (see Table 18).
LSD for Time a t the 5% level is 22%. 
LSD for time x additives at the 5% level is 16%. 
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Table 20 

Influence of Neutralization and Time on the Per Oent 
Recovery of Activity of Lactic Acid Starter 

Culture M Frozen in Tubes 

Neutralization Time Neutralization 
i!\ wrr meansiEU lh ih m 

Unneutralized 83 88 38 45 64,. 
Neutralized 65 58 27 26 44 
Time means 74 73 33 35 

a Values represent per oent recovery of activity. The 
activity is based on the amount of acid produced by 
cultures i ncubated at 3200, for 4 hours. 

Least sisnificant difference (LSD} for neutralization 
at the 5% level is 16~. 
LSD for time a t the 5% level is 22~ . 

Table 21 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

Oulture 04 Froze,g 1n Tubes 

Additive Unneutralized Neutralized Additive 

ma m means m 
Controlb 30 22 26 
10% sucrose 86 55 71 
10~ whey
10% skim milk 

69 
76 

60 
43 

64 
59 

.Neutralization 
means 65 45 

ab See Table 20. 
Cultures grown and frozen in 10% skim milk without 
additives .. 

LSD for additives at 5% level ~a 2~% . 
LSD for neutralization (see Table 20). 
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Table 22 

Influence of Additives and Time on The Per Cent Recovery 
of Activity of Lactic Acid Starter Culture 

04 Froze~ in Tubes 

Additive 

Iii; Tiliin weffi fh 
Additive mms 

Oontrolb 32 29 25 19 26 
10% sucrose 82 70 77 55 71 
10% whey 
10% skim milk 

71 
59 

77 
71 

66 
57 

44 
51 

64 
59 

Time means 61 62 56 42 

a Values represent p.er cent recovery of activity . The 
activit~ 1~ based on the amount of ao1d produced by 
culture~~cubated at 32oc, for 4 hours. 

b Cultures grown and frozen in 10~ skim milk without 
additives. · 

Least significant difference (LSD) for additives at the 
5% level is 26%. 
Time is not significant, 

Table 23 

Influence of Neutralization and Time on the Per Oent 
Recovery of Activity of Lactic Acid 
Starter .Culture 0;1 Frozen in .Tubee 

Neutralization 

IL; 
Time in weeks 

iii fh 
Neutralization 

fh means m 
Unneutralized 
Neutralized 
Time means 

72 
49 
61 

65 
58 
62 

70 
42 
56 

54 
31 
42 

65 
45 

a See Table 22. 
LSD for neutralization at the 5% level is 16%. 
Time is not significant . 
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Table 24 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

Culture H18 Frozen in Tubes 

Additive Unneutralized 

Controlb 
10% sucrose 
10% whey
10% skim milk 
Neutralization 
means 

ma 
33 
66 
72 
82 

63 

Neutralized 

m 
Additive mms 

31 
51 
34 
32 

32 
59 
5~ 
57 

}7 

8 Values represent per cent recovery of activity. The 
activity is based on the

0 
amount of acid produced by

cultures incubated at 32 c. for 4 hours . 
b Cultures grown and frozen in 10% skim milk without 

additives. 
Least significant difference (LSD) at the 5% level is 16%. 
Additives not significant. 

Table 25 

Influence of Additives and Time on the Per Cent RecoYery
of Activity of Lactic Acid Starter Culture 

Hl8 Frozen in Tubes 

Additive 1: weeks Additive 
means~a.ii 

Controlb w w w 
10% sucrose 73 70 44 49 59 
10% whey 66 56 45 45 53 
10% skim milk 60 55 55 57 57 ... Time means 61 53 43 44 

a See Table 24 .
b ~:>ee Table 24 
Additives and time not significant . 
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Table 26 

Influence of Neutralization and Ti e on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

Cu.l ture R18 Frozen in Tubes 

Neutralization Time in v-eeks Neutralization 
2 I~ !4 meansmb m m m m 

Unneutralized 78 81 56 58 63 

Neutralized 44 45 30 29 37 

Time means 61 53 43 44 

a Value~ represent per cent recovery of activity. The 
activity is based on the amount of acid produced by 
cultures ~neubated at 32°C. for 4 hot~s. 

b Cultures~own and frozen in 10% ~kim milk without 
additives.. 

Least si~ifi ant difference (LSD) for neutralization 
at the 5% 1 el is 16%. 
Time is not significant. 

Table 27 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

~lture FB Frozen in Tubes 

Additive Unneutralized 

Controlb 
10% sucrose 
1(}% whey 
10% skim milk 
Neu·tr~. lization 
means 

ma 
29 
72 
81 
52 

58 

Neutralized 

m 
Additive 

Means 
m 

19 
42 
32 
39 

24 
57 
57 
46 

33 

a See Table 26 . 
b Cultures grown and frozen in 10% skim liiJ.k without 

additives . 
LSD for nentralization (see Table 26) . 
Additives not significant . 
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Table 28 

Influence of .Add.i tivea and Time on the Pe·r Cent 
Recovery of A.ctivi ty of Lactic Acid Staz·ter 

Culture FB Frozen in Tubes 

Additive Time in weeks Additive 
2 !~ma rh m fh mem 

Controlb 31 23 20 22 24
10% s:uerose 61 69 47 50 57 
10% whey 59 61 52 55 57 
10% skim milk 49 49 39 46 45 
Time means 50 50 39 43 

a Values represent per cent recovery of activity. The 
activity is based on the amount of aoid produced by 
cultures incubated at 32°0. for 4 hours . 

b Cultures grown and frozen in 10% skim milk without 
additives. 

Time and Additives not significant. 

Table 29 

Influence of Neutralization and Time on the Per Cent 
Recovery of Activity of Lao·tio Acid Starter 

Culture FB. Frozen in Tltbes 

Neutralization Time in weeks Neutralization

Iii; if 1h Hl ms 
Unneutralized 56 67 53 58 58 
Neutralized 44 34 26 29 43 
Ti me means 50 50 39 43 

a See Table 28. 
Least significant difference for neutralization at the 
5~ level is 16%. 
Time is not significant. 



Table 30 

Analysis of Variance of Lactic Acid Starter Culture Frozen in an 
lee Ore. am Freezer and Stored in Quart Cartona 

Source of Degrees of F valu.esa for dif.fe.rent cultures 
variation freedom H4 iii8 FB FC 04 

Total 31 
Replicates 
Additl;vea 
Error a 

1 
3 

18 

0.04 
7..06** 

0.20 
5.59** 

9 .03 
1 ..64 

0..17 
3 ..67* 

4.10 
5."57* 

4.36 
1.63 

Neutralization 1 25•. 78** 7.25* 17.70** 9.49** 21.61** 4-95* 
Neutralization x 
additive 3 2.28 3.28 9 -74 1.89 1.22 0.96 
Error b 24 
Time 1 2.58 2.28 04119 1.31 5.31 0.45 
Error c 6 
Time :x additive 3 0.80 0.58 0.99 1.22 1.93 0.40 
Error d 18 
Time X 
neutralization 1 2.47 1.42 2.59 4.80* 0.66 0.04 
Time x additive x 
neutralization 3 0.27 1.22 3.80* 1.24 3.21* 1.77 
Error e 24 

a Variance ratio. 
b All error terms are pooled errors of the 6 cultures used in the experiment.
* Significant at the 5% level of probability.
** Significant at the 1% level of probability. 

Vl 
1\) 
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Table 31 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

Frozen in an Ice Cream Freezer and Stored 
in Qu¥t Cartons 

Additive Unneutralized Neutralized Additive 

ma m means m 
Controlb 13 7 10 
10% sucrose 27 20 23 
10% whey 
10% skim milk 

19 
35 

14 
11 

17 
23 

Neutralization 
means 23 13 

a Values represent per cent recovery of activity. The 
activity is based on the amount of acid produced by 
cultures incubated at 32°0. for 4 hours . 

b Cultures grown and frozen in 10% skim milk without 
additives . 

Least significant difference (LSD) at 5% for neutralization 
is 10?'. 
Additives not significant . 

Table 32 

Influence of Additives and Time on the Per Cent Recovery
of Activity of Lactic Acid Starter Culture M Frozen 

in an Ice Cream Freezer and Stored 
in Quart Cartons 

Additive Time in week§

fh; lli 
Additive 

means ' 
m 

Controlb 13 7 10 
10% sucrose 23 23 23 
10% whey
10% skim milk 

18 
25 

16 
22 

17 
23 

Time means 19 17 

See Table ~1.t See Table 1. 
Additives and time not significant. 
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Table 33 

Influence of Neutralization and Time on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

M Frozen in an Ice Cream Freezer and Stored 
in 9¥art Cartons 

Neutralization Time in weeks Neutralization 
meansfua th m 

Unneutralized 25 22 23 
Neutralized 14 12 13 
Time means 19 17 

a Values represent per cent r ecovery of activity. The 
activity is based on the amount of acid produced by 
cultures incubated at 320~ for 4 hours. 

Least significant difference (LSD) at 5% for neutrali
zation is 10%. 
Ti me is not a:1.gnificant . 

Table 34 

Influence of Additives ~td Neutralization on t he Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

IUS Frozen in an Ice Cream Freezer and 
Stored in Quart Cartons 

Additive TJnneutralized Neutralized Additive 

ma m means m 
Contro1b 13 7 10 
10% sucrose 24 26 25 
10% Whey
10% skim milk 

25 
56 

16 
19 

20 
38 

Neutralization 
means 29 17 

a See Tnble 33 ... 
b Cultures grown and frozen in 10% ski m milk without 

additives. 
LSD at 5~ for additives is 15%. 
LSD at 5% for neutrali~ation is 10%. 
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Table 35 

Influence of Additives and i'ime on the Per Cent Recovery 
of Activity of Lactic Acid Starter Culture Hl8 

Frozen in an Ice Cream Freezer and Stored 
in Quart Cartons 

Additive Time in week!i! Additive 
I~ meansma m m 

Controlb 12 7 10 
10% sucrose 27 23 25 
10% whey 2:5 18 20 
10% skim milk 42 33 38 
Time means 26 20 

a Values represent per cent recovery of activity. The 
activity is based on the amount of acid produced by 
cultures incubate d at 32°C. for 4 hours. 

b Cultures grown and frozen in 10% skim milk without 
additives. 

Least significant difference (LSD) at 5% level tor 
additives is 15%. 
Time is not significant. 

Table 36 

Influence of Neutralization and Time on the Fer Cent 
Recovery of Activity of Lactic Starter 

Culture IUS Frozen in an Ice Cream Freezer 
and Stored in guart Cartqne 

Neutralized ~ime in weeks Neutralization 
meansII; fh m 

Unpeutralized 32 27 29 
Neutralized 21 13 17 
Time means 26 20 

a See Table 35 
LSD at 5% for neutralization is 1~. 
Time not significant~ 
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Table 37 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

04 Frozen in an Ice Oream Freezer and Stored 
in Quart Cartons 

Additive Unneutralized Neutralized Additive 

m• m :means m 
Controlb 15 8 11 
10% sucrose 48 26 37 
10% hey 
10/o skim milk 
Neutralization 

44 
49 

20 
15 

32 
32 

means 39 17 

a Values represent per cent recovery of activity. The 
activity is based on the amount of acid produced by 
cul.tures incubated at 32°0. for 4 hours. 

b Ctiltures grown and frozen in 10% skim milk without 
additives. 

Least significant diff erence (LSD) at 5% level for 
additives is 1?~ . 
LSD at 5% for neutralization is 10%. 

Table 38 

Influence of Additives and Time on the Per Cent Recovery
of Activity of Lactic Acid Start~r Culture 04 Frozen 

in an Ice Cream Freezer and Stored in Quart Cartons 

Additive Time in weeks Additive 
means m 

Oontro1b 16 7 11 
10% sucrose 42 31 37 
10% whey 39 26 32 
10% skim milk 33 31 32 
Time means 33 23 

~ See Table 37 
See Table .,7

LSD at 5% for Additives is 15%. 
Time is not significant. '. 
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Table 39 

Influence of Neutralization and i e on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

04 Frozen in an Ice Cream Freezer and Stored 
, in Qsart Cartons 

Neutralization --~-T·i-m.e• .•i.n_w_e_e_k_s~--- Neutralization 
12 l!!t lir means:oo: m 

Unneutralized 
Neutralized 
Time means 

44 
21 
33 

34 
13 
23 

39 
17 

a Values represent :per cent recovery of activity . The 
activity is based on the amount of acid produced by 
cultures incubated at 32°C. for 4 hours . 

Least significant difference (LSD) at 5~ level for 
neutralization is 10%. 
Time not significant . 

Table 40 

Influence of dditives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

H4 Frozen in an Ice Cream Freezer and Stored 
in Quart Cartons 

Additive Unneutralized Neutralized Additive 

ma m means 
m 

Controlb 
10% sucrose 

9 
49 

7 
21 

8 
35 

10% whey
10% skim milk 

52 
46 

20 
13 

36 
29 

Neutralization 
means 39 15 

~ See Table 39. 
Culture grown and frozen in 10% skim milk without 
additives. 

LSD at 5% for additives is 15~. 
LSD at 5~ for neutralization is 1~. 
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Table 41 

Influence of Additive and Time on the Per Cent Recovery of 
Activity of Lactic Acid Starter Culture H4 Frozen in 

an Ice Cream Freezel" and Stored in Quart Oa.rtgns . ., 

Additive 12Time . 
'F 

!.!! weeks 

·fu 
Additive

mmtl 
Controlb 6 10 8 
10% sucrose 30 40 15 
1~& whey 
10~ skim milk 

33 
27 

39 
32 

36 
29· 

Time means ~4 30 

a Values represent per cent recovery of activity-. The 
activity is based on the amount of acid produced by 
cultures incubated at 32°0 •. for 4 hours .. 

b Cultures grown and frozen in 10% skim milk without 
additives. 

Least significant difference (LSD) at 5% level for 
additives is 15%• 
Time not significant . 

Table 42 

Influence of Neut:traliza.tion and Time on the Per Cent 
Recovery of Adtivity o! Laetio Acid Starter 

Oulture H4 Fro~en in an Ice Cream 
.Freezer M<l; S.tored .in Quart _Cartopg 1 I] 

Neutralization 

Unneutralized 35 43 :39 
Neutralized 1:3 17' 15 
Time meana 2:4 30 

a See Table 41. 
LSD at 5% for neutrali~ation ia 10%. 
Time not significant. 
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Table 43 

Influence of Addi,tives and eutra1ization on the Per Cent 
Recovery of Activity of Lactic Acid Starter Culture 

FB Frozen in an Ice Cream Freezer and Stored 
in Quart Cartons 

Additive Unneutralized Neutralized Additive 

ms m means m 
Contro1b
10% sucrose 

2~ 
27 

9 
15 

16 
21 

107' whey
10% skim milk 

44 
38 

17 
12 

31 
25 

Neutralization 
meana 33 13 

a Values represent per cent recovery of activity. The 
activity is baaed on the amount of acid produced by 
cultures incubated at 32°0. for 4 hours . 

b Cultures grown ru1d frozen in 10~ skim milk without 
additives . 

Least significant difference (LSD) at 5~ level for 
neutralization is 10%, 
Additives not significant. 

Table 44 

Influence of Additives and Time on the Per Cent Recovery of 
Activity of Lactic Acid Starter Culture FB Frozen in 

an Ice Cream Fpeezer and Stored in Quart Cartons 

Additive Time in weeks Additive 
means m 

Contro1b 16 15 16 
10% sucrose 22 21 21 
10~ whey 32 29 31 
10% skim milk 29 21 25 
Time means 25 21 

a See Table 43. 
b See Table 43 . 
Additives not significant.
Time not significant. 
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Table 45 

Influence of Neutralization and Time on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

Culture FB Frozen in an Ice Cream E'reezer 
and Stored in Quart Cartons 

Neutralization Time in W!eks Neutralization 
meansffi; fh m 

Unneutralized 36 30 33 
Neutralized 14 12 13 
Time means 25 21 23 

a Values represent per cent recovery of activity. The 
activity is based on the amount of acid produced by 
cultures incubated at 32°c. for 4 hours . 

Least significant difference (LSD) at 5~ level for 
neutralization is 10%. 
Time not significant. 

Table 46 

Influence of Additives and Neutralization on the Per Cent 
Recovery of Activity of Lactic Acid Starter Cultures 

FC Frozen in an Ice Cream Freezer and Stored 
).n Qu t Cartons 

Additive Unneutralized Neutralized Additive 

ma m mms 

Controlb 11 4 8 
10% sucrose 16 15 16 
10% whey
10% skim milk 

44 
35 

14 
15 

29 
25 

Neutralization 
means 26 12 

~ See Table 45. 
Cultures grown and frozen in 10% skim milk without 
additives. 

LSD at 5% level for additives is 15%. 
LSD at 5% level for neutralization is 10%. 
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Table 47 

Influence of Additives and Time on the Per Cent Recovery of 
Activity of Lactic Starter Culture FC Frozen in an 

Ice Cream Freezer and Stored in Quart Cartons 

Additive Time

HI; 
in weeks 

Hi 
Additive 

means m 
Controlb 9 7 8 
10% sucrose 17 15 16 
10~ whey
10% skim milk 

31 
30 

27 
20 

29 
25 

Time means 22 17 

a Values represent per cent recovery ot activity. The 
activity is baaed on the amount of acid produced by 
cultures incubated at 32°0. for 4 hours. 

b Cultures grown and frozen in 10% skim milk without 
additives . 

Least significant difference (LSD) at 5% level for 
additives is 15%. 
Time not significant. 

Table 48 

Influence of Neutralization and Time on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

Culture FC Frozen in an Ice Cream Freezer 
in guart Cartons 

Neutralization Time in weeks Neutralization 
12ma m means 

ill 
Unneutralized 30 13 22 
Neutralized 23 11 17 
Time means 26 12 

a See Table 47. 
LSD at 5% level for neutralization is 10~. 
Time not significant. 



Table 49 

Analysis of Variance for Cultures Frozen in Tubes vs~ Cultures 
Frozen in Cartons 

Source of Degrees of F values& of different cultlU"es _ 
114-~~ --- - HTff- - --- -- FB - ----- FC 04variation freedom M 

Total 95 

Tubes vs. cartons 1 19.96 31.17 22 ..99 39.20 32.45 36.92 

Error 94 

a Variance ratio. All values significant at the 0.1" level of probability~ 

0\ 
1\) 
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additives have an affect on storage death, since time 

between 2 and 14 weeks. does not significantly influence 

recovery of activity for all but 2 of the cultures frozen 

in tubes. 

The additives were found to significantly influence 

storage death for the two instances mentioned above. All 

of the additives for culture H4 result in a significantly 

higher recovery t han the control at each time interval, 

while lQ% added sucrose or whey solids provided a signifi

cantly higher recovery than 20% solids after 2 weeks but 

not thereafter (Tables 15-17). All of the Additives for 

culture M resulted in a significantly higher recovery than 

the control after 2 and 4 weeks, however after 12 and 14 

weeks only 10% added sucrose and the 20% solids showed 

a significantly higher recovery ( Tables 18-20). 

Neutralized cultures of C4 in cartons show a signifi

cantly lower recovery than unneutralized cultures after 

12 weeks but no significant difference exists between 

these cultures after 14 weeks (Tables 37-39). At the 2 

and 4 week intervals an apparent improvement in recovery 

of neutralized quart cultures was observed . The quart 

cultures had been allowed to thaw in a 32°0. water bath 

for 2-~ to 3 hours. It was l ater found tha t by agitation, 

thawi ng could be accomplished in 1 to l ·t hours. When the 

activity of the cultures thawed r apidly and those t hawed 
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slowly were compared it was found that slow thawing 

resulted i n a higher activity than fast thawing. Further 

observation showed that the pH of the slowly thawed quarts 

was lower than the pH of the rapidly thawed quarts. From 

this it was concluded that a portion of t he slowly thawed 

cultures had reached a temperature where further growth 

of the organisms could take place thus increasing the 

number of organisms present and resulting in a higher 

activity. It was for this reason that data for the 2 and 

4 week time intervals was not included in the statistoal 

analysis of cultures frozen in quart cartons. 

Ali analysis of the recovery of activity in tubes 

with the recovery in quart cartons shows that there is a 

significant difference at the 0.1" level. (Table 49) 

This difference appears to be one of lower recovery of 

activity for quart cartons cultures compared at the 12 

and 14 week intervals. 

~ Effect .2! Rzdrosen ton Oonoentration and ~ 91.. 
Neutralizins Agent on!!!!. Recovery ,2! Activity Sl! Lactic 

Acid Starter Cultures. A recent report by Johns (18 1 P• 32) 

stated tha t neutralization of cultures prior to freezing 

gave a better recovery. When cultures were neutralized 

with neutralax to pH 6.5 prior to freezing, it was found 

that such cultures always resulted in a poorer recovery 

of activity. In order to clarify the confusion which 

seems to exist, several lactic acid starter cultures which 
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had been incubated to pH 4.7 in reconstituted skim milk 

were adjusted to pH levels from 4.5 to 7.5 at 0.5 pH unit 

intervals. The cultures were neutralized ~ith a 25~ 

solution of neutralax and were then dispensed in 5 ml. 

aliquots into screw-cap tubes and frozen at -22°0. for two 

weeks. At t his time they were removed and thawed at 32°0. 

The activity was determined before and after freezing as 

previously described. 

The resuJ.ts summarized in Table 50 shows that at pH 

levels of 4.5 to 7.0 no greater improvement can be observed 

for any one pH level. At pH 7.5 an average of approxi

mately 20% increase over the other pH levels was obtained, 

however t he initial activity was considerably lower than 

at the other levels. 

Since Johns_(18, P• 32) used sodium hydroxide; it was 

thought necessary to compare this and a similar neutral

izing agent with neutralax. Several lactic acid starter 

cultures were adjusted to pH 6.5 with a 25% solution of 

neutralax and a 4~ solution of sodium hydroxide or 

potassium hydroxide . The neutralized oultures were then 

subjected to repeated freezing and thawing at -22°0 . and 

32°0. An uml.eutralized control of each cultw:·e was also 

frozen • . It was found that this resulted in a definite 

improvement in recovery for the neutralized cultures (Table 

51). Cultures neutralized with sodium hydroxide or 

potassi~ hydroxide showed an increase in i mmedia te 

http:resuJ.ts
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Table 50 

Effect of Hydrogen Ion Concentration on the Per Cent 
Recovery of Activity of Lactic Acid Starter 

Cultures Frozen for Two Weeks at -22°c. 

pH Oult~e 
FB .M AverageIra m m m 

4·5 53 36 3; 41 

5.0 63 34 36 44 

5·5 53 46 42 47 

6.0 41 38 41 40 

6.5 37 34 35 35 

7.0 50 40 44 45 

7.5 65 71 62 66 

a Values represent per cent recovery of activity . The 
activity is based on the

0
amount of acid produced by 

cultures incubated at 32 c. for 4 hours. 
Cultures neutralized with a 25~ solu~ion nf neutralax. 
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recovery when compared to cultures neutralized with 

neutralax. 

A third experiment was performed comparing cultures 

neutralized by neutralax and sodium hydroxide. This time 

the cultures were held at -2200 . for two weeks before 

thawing and determining the activity. The results of this 

experiment conflict with the previous experiment, since 

neutralization does not provide added protection on 

storage. (Table 52) 

The effects of neutralization with neutralax and 

sodium hydroxide on storage recovery were compared by 

freezing in quart cartons . Active lactic acid starter 

cultures were incubated in reconstituted skim milk, and 

reconstituted skim milk with 10% sucrose to a pH of 4.7 . 

The milk was reconstituted and sterilized in the same 

manner as for the previous experiment involving the use of 

the continuous ice cream freezer. The cultures were 

neutralized just before freezing by using a 25~ solution 

of neutralax or 40% sodium hydroxide. The portion of the 

culture to be frozen slowly was distributed into tubes 

and cartons at the time the remainder was being frozen in 

the continuous ice cream freezer at -15°0. to - 1aoc . 

Tubes and quarts for slow freezing were placed immediately 

in a storage room at ·23°0 . The quarts filled from the 

ice cream freezer were placed in the same storage room. 
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~able 5l 

Effect of Neutralizing with Various Agents on the Per 
Cent Recovery of Activity of ~actio Acid tarter 

Cultures Subjected to Repeated
Freezing and Thawing 

Neutralizing ' Culture 
agep.t Hi= iE J1 ii! mjE.Av!ifie 

Controlb 43 21 23 27 39 24 '0 
Iieu.tralax. 59_ 34 29 53 55 32 44 

Sodium 
eydroxide 76 63 50 64 70 61 64 

Potassium 
htdroxide 82 74 52 59 82. 65 69 

a Values represent per eent recovery of activity. The 
~ctivity is based on the amount of acid produced by 
cultures incubated at 32°0. tor 4 hours. 

b unneutra.lized (pH 4.7). 
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Table 52 

The EfteDt of Various Neutralizing Agents on the Per Cent 
Recover-.r of Activity of Lac·tio Acid Starter 

Cultures Frozen for Two Weeks at -22°0. 

Neutralizing Culture 
agent Avfiieilf; ift iii 

Controlb 38 30 25 :?1 

Neutralax 37 31 37 36 

Sodium 
hydroxide 45 44 39 4-3 

a Values represent per cent recovery of activity. The 
activity is based on the amount of acid produced by 
cultures incubated at 32°0. for 4 hours. 

b Unneutralized (pH 4.7). 
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The temperature of these frozen cultures was -2oc . to -3oc. 

at the time of storage at - 2300 . The activity of each of 

the cultures was determined before freezing and again at 

two week and four week intervals . At these time interva.l.s 

single samples of the tubes and cartons for each condition 

were removed for determination of activity . The data 

obtained at the four week interval was statistically 

analysed by the analysis of variance and the l east sig

nificant difference was determined at the 5% level for 

convenience in comparison. 

That 10% added sucrose provides a siguificant 

improvement in recovery of activi t .Y is shown by the 

summarized in Tables 53-62. No significant difference 

was observed between the control and lQ% sucrose in the 

slow frozen quarts . A comparison of tubes with slo 

freezing and fast freezing of quarts shows a significant 

increase in recovery for cultures frozen in tubes over 

cultures frozen in the ice cream freezer . Tube frozen 

s amples of culture FB showed a significantly better 

recovery than slow frozen quart cultures , but for all 

other cultures no significant difference was observed . 

Slow frozen quart cultures of H4 resulted in a significant 

improvement in recovery of activity over cultures f:rozen 

in the ice cream freezer. 

Culture M showed a significant increase i n recovery 



Table 53 

Analysis of Variance for Cultures Neutralized with Neutralax or NaOB and 
Frozen in Tubes and Cartons 

Source of 
variation 

Degrees of 
freedom 

"H valuesa for different cultures 
H4 :FB 

Total 35 
Replicates 
Additfives 

1 
1 

9.71 
910.08*** 

2.62 
932.78*** 

25.48* 
1997.48*** 

Error a ' Neutralization 2 2.93 2.58 9.75** 
Neutralization x 
additive. 2 1.69 1.32 2.64 
Error b 12 
Container 2 12,64** 24.04** 6.29* 
Error o 6 
Container x additive 2 0.18 9 .56* 0.15 
Error d 12 
Container x 
neutralization 4 0.39 1.16 1.37 
Container x additive x 
neutralization 4 1-.22 0.74 1.14 
Error e 24 

a Variance ratio. 
b All error terms are pooled errors for the 3 oultures used in the experiment. 
* Significant at the 57~ level of proba.bili ty.
** Significant at the 1% level of probability.
***Significant at the 0.1~ level of probability. 
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Table 54 

Influence of· Additives and Neutralization on the Per Cent 
Recovery of Activity of lactic Acid Starter Culture 

H4 Frozen in Tubes and Cartons 

Neutralizing Additive 
agent Conlii~~ 

Unneutralized 

Neutralax 

NaOH 

Additive means 

18 

17 

24 

20 

10% sucroSe m 
40 

50 

51 

47 

Neutralization 
means m 

29 

34 

37 

a Cultures grown and frozen in 10~ skim milk without 
additives. 

b Val ues represent per cent recovery of activity. The 
activity is based on the amount of acid produced by
cultures incubated at 32°c. for 4 hours. 

Leas t significant difference (LSD) at 5% level for 
additives is 1~ . 
Neutralization not significant. 

Table 55 

Influence of Additive and Container on the Per Cent 
Recovery of Activity of Frozen Lactic Acid 

Starter Culture H4 

Container Additive 
Oonlif~a 16% i!lrose 

Tubes 

Freezer cartons 

Static Cartons 

Additive means 

a See Table 54 
b See Table 54 
LSD at 5% level for 
LSD at 5% level for 

28 57 

9 33 

23 52 

20 47 

additives is 1%. 
container is 11%. 

·container 
means 
m 
43 

21 

37 
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Table 56 

Influence of Neutralization and Container on the Per Cent 
Recovery of Activity of Frozen Lactic Acid 

Starter Culture H4 :··,. 

Neutralizing Container Neutralization 
agent Mea' ~1reezer Statio means 

cartons-.. cartonsm•·· m m m 
Unneutralized 39 19 31 29 

-Neutralax 41 21 39 34 

NaOH 47 22 43 37 

Oontainer means 43 21 .37 

a Values represent per oent -reoovery of activity, The 
activity ~s based on the amount of acid produced by
cultures incubated. at 32°0~ for 4 hours. 

Least si'gnificant ~ifference ~LSD) at 5" level for 
containers is 11~ . · 
Neutralizat:i,on not si~n.i~ioant~o 

Table 57 

Influence of Addi tt:ves and Neutralizati Qn on the Per Oent 
Recovery of Activity of Lactic Acid Starter Culture 

FB Frozen .in ~bes an,d Cartons 

Neutralizing Neutralization 
ent.. means 

Unneutralized 17 41 29 

Neutralax 25 49 .,7 

NaOH 17 51 34 

Additive means 20 47 

a See Table 56. 
b Cultures grown and frozen in 10% skim milk without 

ad.di tivee •. 
LSD at 5% level for additives is 1~. 
Neutralization not significant.• 
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Table 58 

Influence of Additive and Container on the Per Cent 
Recovery of Activity of. Frozen Lactic Acid 

S,-ta,rter Culture FD 

Container Container 
means 

Tubes 28 75 51 

Freezer cartons 8 35 22 

Static cartons 23 31 27 
Add:i,.ti11e me ana 20 47 

a Valu.es ., represent per cent recovery of activity, The 
activity is based on the amount of acid produc~d by
cultures incubated at 32oc. for 4 hours , 

b Cultur~s grown and frozen in 10% skim milk without 
additives . 

Least significant difference (LSD) at 5% level for 
additives is 1%~ 
LSD at 5% level for container is 11%, 

Table 59 

Influence of Neutralization and Oonta.iner on the :Per Cent 
Renovery of Activity of Frozen Lactic Acid Starter 

., Culture FB 

Neutralizing Container. Neut):'alization 
agent TUbes Freezer Statio means 

cartons cartons 
• I ma m m 1!1: 

Unneutralized 47 21 20 49 

Neutralax 54 20 35 37 

.Na.OH 53 24 26 34 

Container means 51 22 27 

a See Table 58. 
LSD at 5% level for container is 11%. 
Neutralization not significant . 



75 

Table 60 

Influence of Additives and Neutr alization on the Per Cent 
ecovery of Aot ivity of Lactic Acj.d Start er Culture 

M Frozen in Tubes and Cartons 

Neutralization 
agent 

Additive 
Oo~la: 1()% m:;rose 

Neutralization 
means m 

Unneutralized 23 55 39 

Neutralax 30 70 50 

NaOH 28 76 52 

Additive means 27 67 

a Cultures grown and frozen 1n 10% skim milk without 
additives. 

b Values represent per cent recovery of activity. The 
activity ie baaed on the amount of acid produced by 
cultures incubated at 32°0. for 4 hours . 

Least significant difference (LSD) at 5~ level for 
additives is 1~. · 
LSD at 5~ level for neutralization is 7%• 

Table 61 

Influence of Additive and Container on t he Per Cent 
Recovery of Activity of Lactic Acid Starter Culture M Frozen 

Container Additive Container 
Con~A . 16% sucrosem means. m 

Tubes 35 75 55 

Freezer cartons 20 58 39 

Statio cartons 25 68 46 

Additive means 27 67 

a See Table 60
b See Table 60 
LSD at 5% level for additives ie 1%. 
LSD at 5 level for containers is 11%. 
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Table 62 

Influence of Neutralization and Container on tha Per Cent 
Recovery of Activity of Frozen Lactic Acid 

Starter Culture M 

Neutralizing 
agent !l'Ubes 

Container 
Freezer Static 

Neutralization 
means 

ma cartons 
m 

eartons m m 
Unneutralized 49 33 35 39 

Neutralax 59 37 55 50 

NaOH 58 48 50 52 

Container means. 55 39 46 

a Values represent per cent recovery of actiVity. The 
activity is based on the amount of acid produced by 

. cultures incubated at 32°0 . for 4 hours . 
Least significant difference (LSD) at 5~ level for 
containers is 11%. 
LSD at 5% level for neutralization is 7~ . 
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of activity for neutralized eultureet however no signifi

cant difference was observed between the two neutralizing 

agents. A slight improvement in recovery of activity was 

observed for neutralized control ou.l ·turea h ich had been 

slowly frozen in quart cartons. This improvement may be 

attributed to further growth of the culture during the 

interval necessary for freez.ing to take place . The growth 

is evidenced by a lower pH for neutralized cultures after 

thawing • 

• 
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DISCUSSION 

The protective etf ot of added mil · solid can be 

&ttributed principally to th sug . present a.a lactose . 

In mu h a e oh am of ilk solids contains pprox1

tely 0.5 gr m of lactos and each r,ram of hey solids 

contains npproxim tely 0.7 grams of l actos ; the dd1tion 

of thece ubatanoee involves primarily an addition of 

lactoae. The milk solids al o provide som milk salts 

and in the oa e of kim milk solidaa cas u. i'he dded 

ilk salts and ease1n ~owdver do not appear to oontribut 

to the prot otion of the cells fro tre zing death, since 

a oomparieon ot the reooveriee obtained by tne addition 

of ougare and by the addition of a comparable amount ot 

l aotos 1n the form of ilk solids r sult in es enti ly 

the s e degree ot protection (Tables 7, 8, and 9). 

From the re ul ts obtained for the sugar and glycerol 

it appears that the molar concentration ot the add1ttve 

be involv d 1n the chanisme o! protection. Th1 

suggests so ething ore than just providing a refu ~or 

tb.e cells from the mechar.lioal eff ct of forming ioe 

cryat.ale ae pror>oo d by ,e1th (20• pp. 877•879) • Further 

he preaenoe of c ein in milk should provide ore than 

nough p tor the cello to eseap theee mechanical 

effeot ot ice crystal • 

0-th r f otor , uob as o motio preasur and fr ezing 
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point depression are based on the molar concentration of 

solutes. A lowering of the freezing point of the zedium 

may protect the cells by limiting the concentration of 

toxic electrolytes a·t any one temperature. 

1~e addition of sugar before freezing increases the 

osmotic pressure which should result in a slight dehy

dration of t he cell prior to f reezing. Although some 

dehydration of the cell i s necessary to pr·otect the cell 

from intracellular freezing there should be sufficient 

loss of water from the cell on freezing in milk without 

the addition of sugars . 

In Section I page 20, it was noted that addition of 

10% sucrose protected the cell from damage by 4% sodium 

chloride . It is not certain whether this protection was 

exerted before or during freezing, but in ~ither case the 

addi t ion of sucrose limited the toxic action of the high 

concentra tion of sodium chloride . Since high concentra

tions of salt are capable of denaturing protein , it is 

conceivable that the action of sodium chloride and other 

salts was on t he cell membrane and tha t the protective 

ac tion of t he sucrose was in limiting the access of the 

sodium chloride to the cell membrane . 

The presence of sugar or glycerol also limits the 

amount of ice formed through th~ir w~ter binding properties 

and therefore on freezing the per cent of unfrozen water 
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will increase and eventually toxic salts will concentrate 

sufficiently to cause some damage to the cells. If this 

toxic action is temper a ture dependent it might be expected 

tha t the rate of the reaction will be slower at the lower 

temperature which has been achieved. 

The use of a continuous ice cream freezer has not 

been effective in preventing the greater loss in quarts as 

compared to freezing in tubes. The recovery for quarts 

still seems to be approximately 15% lower than cultures 

frozen in 10 ml . amounts . It would appear at first that 

the rate of freezing does not effect the recovery of 

frozen culture• however the cultures as t hey are obtained 

from t he ice cream freezer are at a tempera ture of - 2°0 . 

to -3°0 . and are not a. solid frozen mass . Therefore it 

is probable tha t there is still a lot of ur1frozen water 

and that complete freezing of quarts will take longer than 

for tube cultures . Thus the time required to pass through 

the most dangerous zone of freezing is still sufficiently 

long to result i .n a greater mortality in quarts than in 

tubes . Repeated freezing and thawing may also be re

sponsible for tb.e lower recovery obtained for cultures 

frozen in an ice cream freezer. This occurs as a result 

of the frozen culture being scraped from the wall of the 

freezer into the unfrozen portion of the culture. 

The results of experiments involving neutralization 

are somewhat confusing . For the most part these 

. .. .. 
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experiments indicate that the reaction of the frozen 

culture has no effect on recovery, However , one experiment 

which was analyzed statistically showed a significantly 

lower recovery for neutralized cultures, while another 

experiment which was performed in a similar manner showed 

that there was no significant difference between these 

cultures. 

An improvement 1n recovery of activity was shown 

when neutralized cultures are subjected to repeated 

freezing and thawing . It is assumed that repeated 

freezing and thawing only enhance the effects of factors 

involved in the immediate death, and tha t little or no 

storage death occurs. It might be concluded from this 

that pH eff ects only immediate death of microorganisms . 

This effect is negligible on one freezing and thawing, 

but becomes more apparent with repeated freezing and 

thawing. One factor which has not been considered is that 

the l actic acid bacteria may be more acid tolerant t han 

species previously tested and therefore less affected by 

a low pH. Of course this does not r esolve the conflict 

betw~en the results of these experiments and that of Johns 

(18, P• 32) who showed tha t neutralized lactic acid 

cultures al ways survived freezing better than unneutralized 

cultures. 
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S~lRY AND CONCLUSIONS 

Commercial lactic acid starter cultures were frozen in 

recons tituted skim milk solids at different temper a tures . 

From the results of these experiments we must conclude 

that the lowest temperature available is t he best temper• 

ature for freezing and storing these cultures for maximum 

recovery of activity . 

Freezing temperatures between - 10°C . and -30°C . 

result in an increas e in recovery of activity when 10% 

sucrose is added , although at higher or lower temperatures 

the recovery of activity was not improved . 

The recovery of activity was low at all freezing 

temper a tures when 4% sodium chloride was added to the 

culture b.efore freezing , although there was a slight 

i mprovement at - 64°C . This suggests that either the salt 

damaged the cells prior to freezing so that recovery at 

any temperature would be poor or tha t the action of this 

high concentration of salt is so rapid that even at - 64°C . 

satisfac tory recovery of activity can not be obtained . 

The addition of 10% sucrose to t he cultures cont aining 

4% sodium chloride seems to i mprove the r ecovery of 

activity and theref ore sucrose mus t protect the cells in 

some manner from t he toxic action of t he salt . Other 

additives were also found to increase t he recovery of 

activity of cultures frozen at - 22oc . The addition of 



skim milk and whey solids was found to provide protection 

for the cells from freezing death~ This protection was 

attributed to the presence of lactose in the milk solids, 

since a comparison of the recovery obtained by adding 

approximately equal quantities of lactose in the form of 

milk solids resulted in essentially the s ame protection 

as added glucose, sucrose, or lactose . 

Cultures which were fluctuated between different 

storage temperatures were found to show a recovery of 

activity intermedate between the recovery obtained for 

cultures stored at the extremes of temperature fluctuation . 

It is obvious then that for maximum recovery of activity 

the cultures should be held at a constant storage temper

ature . In the ease of repeated freezing and thawing the 

loss in activity after the second freezing- thawing was 

greater than after the first freezing- thawing . Thus 

cultures once frozen should not be refrozen. 

A comparison of neutralized cultures with unneutral

ized cultures indicated tha t for the most part neutrali

zation does not improve the recovery of frozen starter 

cultures. In one experiment in which the neutralized and 

unneutralized cultures were subjected to repeated freezing 

and thawing the neutralized cultures always showed a better 

recovery . It was also found that sodium hydroxide and 

postassium hydroxide were better neutralizing agents than 
.. 

neutralax , a sesquicarbonate of soda. In other experiments , 

• 
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when the neutralized and unneutralized cultures were 

frozen and stored at a cons t ant temperature, no improve

ment could be detected at e:ny pH be tv een 5.0 and 7.o. 
It was thought that pH ay have a slight effect on im

mediate recovery which can be detected by repeated freezing 

and thawing but not by storage. 

A lower recovery of activity was obtained for cultures 

stored 1n quart lots than for cultures frozen in 5 or 10 

ml. amounts. The difference in rate of freezing as con

sidered to be the factor responsible, however, hen the 

culture is frozen in an ice cream freezer and then dis

pensed into quart cartons the same difference in recovery 

as observed. This suggests that the rate of freezing is 

not responsible and that we must look elsewhere for the 

answer perhaps to the thawing process . It has been shown 

that the temperature of thawing has little effect on 

recovery when the quantity of frozen culture is small and 

thawing can be accomplished in a short time . Only at a 

thawing temperature of 50°0. is the recovery for tube 

cultures significantly reduced. In the case of quarts 

however where thawing requires approximately lt hours it 

is possible that the rate of thawing may be more important. 

This suggests that soree means must be found to thaw the 

quart cartons more rapidly other than by using high temper

ature. 

The following recomendations are suggested for 
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maximum recovery of activity of frozen lactic acid starter 

cultures: 

1. Freeze and store the cultuxes at t he lowest 

temperature available, preferably -30°0. or lower. 

2. If the cultures are to be stored at temperatures 

of -30°0. or higher, then 2.5% to 5% glucose , 5% to 10% 

sucr ose, 5% to 101' lactose or 2.5% to 5% glycerol should 

be added at the time the mi lk is reconstituted. 

3. Or, add comparable amounts of lactose in the 

form of mil k solids. 

4. aintain the frozen cultures at a constant 

storage temperature. 

5· Thaw the cultures as rapidly as possible without 

subjecting them to temperatures higher than 3700. 

preferably 21°0. 

6. For freezing cultures in quart cartons or larger 

quantities, a continuous ice cream freezer can be used, 

ho .'lever there appears to be no greater recovery of aetivi ty 

than when cultures re distributed unfrozen and allowed to 

freeze slowly . In fact, if slowly frozen cultures are 

neutralized an a~parent increase i n recovery of activity 

can be obtained do to the additional growth which can 

take place before freezing occurs. 
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