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growth conditions were studied and the age was determined of Bacterial cultured of mi­
crococcus strain and lactobacillus strain 1.̂ , at which age the best survivability
°°Bld be attained upon freeze-drying.

Wao found that bacterial cultures in the end of the exponential phase and in the initial 
stationary phase of growth, at a temperature of 2C°C, are at the most suitable age for fre- 
e-drying. The bacterial cell number in the end of the exponential growth phase reaches 
cells/mx for the micrococcus, and 1011 cells/ml for the lactobacillus. Upon freeze-dry- 

'n8i 100?'. survivability was achieved in a suitable protecting medium, and that is important 
th the preparation of freeze-dried preparations for the manufacture of ripening meat pro­
ducts.

über di« Entwicklung von ltlkrokokken und Laktobazillen 1« Zusammenhang 
b ei der Gefriertrocknung

J* JA8*0W, r . beahkowa
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W irrA n d ie Etatwipklungsbedingungen untersucht, sowie das A lter der Bakterienkulturea
 ̂ Akrokokkus stamm und L aktobazillus Stamm L^, b ei dem die b este Oberlebungsfahig-

&aoh der Gefriertrocknung erreich t wird, bestimmt» Bs wurde f e s t g e s t e l l t ,  dass das
 ̂ »ueteate- für e in e  Gefriertrocknung A lter der Bakterienkulturen am Knde der exponentlel»

^ d  in  der primären stationären  Kntaicklungsphase b ei einer Temperatur von 26°0 iat«Bat*. " V“̂ er len ze llen  erreichen am Ende der exponentiellen  Entwicklungsphase eine Anzahl
— »» .  . ,^elion/m l beim Itikrokokkus und. 10.1. Zellen/m l beim Laktobazillus» Mach G efrier-

^ 8  wurde e in e 1ÜO ji-ig e  überlebungsfähigkeit.ln  eine* geeignetem und begünstlgen-dea **«diu® erre ich ti d ie s  i s t  b e i dar Zubereitung von gefriergetrockneten Präparaten
A b ste llu n g  von reifenden Fleischprodukten von Bedeutung.
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On a étudié les conditions de développement des cultures bactériennes d'une raicrocoque 
souche Mgj et d'un lactobacille souche et on a déterminé l’âge auquel elles présentaient 
une meilleure survie après la lyophilisation.
On a constaté que les cultures bactériennes avaient l'âge le plus favorable â la lyophiU' 
sation â la fin de la phase exponentielle ot dans la phase primaire stationnaire â une te#' 
pêrature de 26°C. A la fin de la phase exponentielle de développement le nombre de cellule9 
bactériennes était de 10® cel./ml pour la microcoque et de 1011 cel./ml pour le lactoba­
cille. Après la lyophilisation on observait 100 # de survie dans un milieu convenable pr<>' 
tecteur ce qui était important pour l'élaboration de préparations lyophilisées, destinées 
â la fabrication de produits carnés maturants.

HCOfleflOBaHHH P83BHTHH MHKPOKOKUOB H JiaKTOO'aUHJM B 0BH3H e MX KHBygeCTlB non

fl. HHKOB, P. EPAHKOBA

HHcmryT unoHofl npoMhnnjieHHOCTH, Co^h h , liojjrapHH

Hay^emi y cjiobhh pocra h onpeaejieH B03padt OaKTepHtoux Kyntryp mhkpokokks wraMMa iig5 * 
ToOamiiiJiii iDTauMa JÎ , b Koropow mohho aocthfb jiyqweft HHByqecTM rcocjie jimo$hjih30h h h . .
y c Ta ho b ne ho , qro OeKiepHilnue KyjitTypu b ko h ne SKcnoHeHUMajiBHofi h b aepBHHnoft CT8unon8p^ 
$ase  pocia rip» TeMiieparypo 26°C  iiaxoAHTCH b Hanuoj;ee iiOAXOAHmoM Boapucre jym /ihoiJmiim3811 
KojivmeciBO OaKTepwfliiux KiieioK b Konue 3KcuoHeHunanwioii $a3u p o cia  Aoomraeï 10® kjioï01*' 
JUIH MHKpOKOKKa l/l ÎO1^ KUCTOK/UJI AJIH JiaKTOûaUHJlAhl. ItoCJie JIllOli'MJiuoaUMH AOCTHriiyia 100% 
ByqecTB b noflxoflmueff 3ainMTiioii cpe/ie, hïo nBimoTca uukhuu iipu iipiiroïOBjiemni jiho^habshP0' 
bohhux apenapaïOB AJia npoii3B0ACï'Ba coapeBsomHx Mucoupo/iyKTOB.
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Tha
8 age o f b aoterla l oultures Is  one o f the faotors a ffec tin g  th eir  su rv ivab ility  upon fre -  •*e-drylng.

®lankov and Klebanov (2 ) , Arkad'eva e t a l .  ( 1 ) , Naylor et a l . (1 1 ) and others have found, 
at the “09t favourable age o f the microorganisms for freeze-drying i s  the end of the expo- 

n*ntla l phase and the I n it ia l  stationary phase of th e ir  development. Takano (12) and others 
^®Port that young b acter ia l c e l l s  are much more susceptib le than older ones to the e ffe c ts  

•ublimation drying. Morichi ( 1 0 ) in d icates a higher su rv ivab ility  o f la c t ic  acid strepto- 
° ° ° 0 1 upon freeze-drying in  the end of the exponential growth phase. A number of other au- 

0r* (3 , 5 , 6 , 7 , 8 , 9 , e t c .)  are a lso  of the opinion that the most su itab le time for freeze- 
'Ylng la c t io  acid bacteria i s  the end of the exponential phase and the beginning o f the sta -  

*l#nary one.
***• ob jective o f the present work was to esta b lish  the growth phases of micrococci and la cto -  
^  1 1 1  applied as pure s ta r ter  oultures in  the production of fermenting meat products, with 

orence to th e ir  su rv iv a b ility  upon freeze-drying.
^ S £ la ls  and Methods The studies were carried out with L actobacillus, L ., and Micrococcus,QH aJu sausages and c la s s if ie d  as L. plantarum and Micrococcus varians.
Cttlti,

"95’ iso la ted  from raw-

N ation  was effeoted  in  nutrient media su itab le  for the two sp ecies, at temperatures of 
and 1 5 ° c . ,  which are e lo se  to production conditions o f ripening and drying for fa s t  ripen- 
(fermented), and raw-dried sausages.

in** *'n°ou â^ on» 24-hour oultures were used, with a concentration o f I  * 4,5 . 10  ̂ c e lls /m l, 
qu an tities o f 0 , 1  and 0 ,0 1  )6 related  to the nutrient media, which were previously tempered 

^  axperimental temperature. The number o f b acteria l c e l l s  was determined by power d ilu -
. Rs> a t 1 hour in terv a ls , with oorrection o f numerical values according to McKredy. The de- 

*nations were made in  3 to 5 rep licas (n « 3 to 5 ) . Growth phases were determined aooor- 
to Tarkov (4 ).Bonfft* .* flry milk was added to the cu ltures to be freeze-d ried , as a protecting medium. The sur- 

“i l l t y  o f  b a cter ia l c e l l s  was estab lished  before and a fte r  the freeze-drying of oultures 
. * end o f the exponential and in  the early stationary phase o f th e ir  growth. Sublimation

was performed a t -30° ♦  -35°C ., and subsequent drying, at 25 ♦  35°C.
Ssauito
^  1 t the curves sre p lo tted , that show the growth phases of Laotobaelllus at cu l-
Q a**°n temperatures o f 15 and 26°C., with the introduction of d ifferen t amounts o f the ino-
^  • I t  i s  obvious that the d ifferen t amounts o f  culture introduced a ffeo t the duration of
0y ^ 6  Phase, but do not a ffe o t the subsequent growth phases. At a cu ltiva tion  temperature 

‘6°(¡
a°*re, and an Inoculation le v e l o f  0,01)6 of the broth cu lture, the lag  phase (I)  la s ts  4 

•®d a t the 0,1)6 le v e l ,  3 hours. The exponential growth phase (IV) la s t s  to the 10th
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hour. On the 8 th hour, the amounts of baoterla l c e l l s  become equal in  the two experiments 
with d ifferen t percentages of the broth cultures introduced. In individual cases, a certain  
varia tion  i s  observed up to the 28th hour in  the phase of slowed-down acceleration  (V), when 
the stationary phase (VI) begins. In a l l  experiments, a decrease in  la o to b a a illi numbers was 
shown between the 36th and the 42nd -  44th hour, by more than one power, and a seaond expo­
n en tia l phase (IV) was found towards the 48th hour. That could be explained by the accumula­
tion  o f m etabolite products and an a c id ific a t io n  of the medium. At a given moment, however, 
there s ta r ts  again an intense reproduction o f the la o to b a c il l i ,  that adapted themselves to 
the new conditions, and, a fte r  reaching It concentration (the maximum possib le concentration), 
there begins the exponential dying-off t i l l  the 54th hour, a fter  which a d e a r ly  manifested 
phase o f slowed-down dying-off (VII) i s  observed, t i l l  the 80tb hour, and a phase of expo­
n en tia l d ying-off (VIII) -  a fte r  the 80th hour.
In terest i s  aroused by the early stationary phase (VI), in  which combinations of 4 d ifferen t 
growth phases are observed.
Prom the stu d ies o f the growth ch a ra cter istics  of Lactobacillus L^, and the resu lts  obtained, 
i t  was considered right to hand over the oultures for freeze-drying on the 48th hour, when 
there i s  a maximum number o f c e l l s  in  the active  mature form, ensuring a higher resistance  
under the conditions o f freezin g  and sublimation drying.
At a cu ltiv a tio n  temperature o f 15°C., the duration o f the lag  phase with the inoculation of 
0,01 * o f the broth cu ltu re, i s  19 hours, and with 0 ,1* , 15 hours; the exponential phase (IV) 
i s  o f  a duration o f 21 and 25 hours, resp ective ly : a short in i t ia l  stationary phase (VI) of 
8 hours, a phase o f slow acceleration  (V) -  16 hours, an in i t ia l  stationary phase (VI) -  14 
hours, and a phase o f exponential dying-off (V III), which se ts  in  a fte r  the 78th hour from 
the inoculation . At that cu ltiv a tio n  temperature, the amount of the la o to b a c illi  was found 
to approach, a fte r  the 40th hour, that o f the ones cu ltivated  at 26°C., and a fte r  the 54th 
hour i t  i s  greater. That could be explained by the lower accumulation o f m etabolites in  the 
medium a t lower cu ltiv a tio n  temperatures, which gives p o s s ib i l i t ie s  for a weaker inh ib ition  
of the reproduction process.
Pigure 2 co n stitu tes  a graphio representation o f the growth phases of Micrococcus M^. Upon 
cu ltiv a tio n  a t 26°C., 4 growth phases are d e a r ly  manifested: a lag  phase (I)  of 6 hours, 
with the introduction of 0,01 * , and o f 4 houre with 0,1* of broth cu lture, an exponential 
phase (IV) -  t i l l  the 13th hour, and a prolonged early stationary phase (VI) -  t i l l  the 72» 
hour, a fte r  which the phase o f slowed down dying—o ff  begins (VII).
The ap plication  of a 48-hour oulture was a lso  established  for Micrococcus Mg 5  with a view to 
freeze-drying: then, the c e l l s  are in  a period o f maturity and greater resistan ce. Aooordi»* 
to Tarkov (4 ) , the resistan ce o f b acter ia l c e l l s  a t that age i s  higher.
Upon 15°C. c u lt iv a tio n , a longer la g  phase was a lso  found: 22 hours for 0,01* of broth cul­
ture introduced, and 19 houra for 0 ,1* . The resu lts  obtained ind icate that micrococci adap 
themselves more slowly a t lower temperatures, than the la c to h a c ll l i .  The exponential phase 
(IV) la s t s  t i l l  the 32nd hour, a fte r  which the number o f baoterla l o e l le  i s  equalized wit 
the number o f those a t the same age, cu ltiva ted  at 26°C. Pro. the 32nd to the 72nd hour, » 
phase o f slowed down d ying-off (VII) i s  observed, without any in i t ia l  stationary phase
to be estab lish ed .
Pro. the experiments carried out repeatedly, a 100* su rv ivab ility  upon freeze-drying was 
found for the oultures o f Lactobacillus L* and Micrococcus Mg5  in  the end of ths exponen 
and the early stationary phase o f th e ir  development.

a » 1

Conclusions
1 . I t  was found that a su itab le  freeze-drying age of the b acteria l o e l ls o f Micrococcus *95
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and taotobaoilluo L4 is tha end of the exponential and the early stationary phase.

W j* number of baaterial cells in the end of the exponential growth phase reaches 1 0 9 oelle/ 
1  for micrococcus and 1 0 1 1 cells/ml for the lactobaoillus. 

j* °” fra8*«-drylng the cultures in a protecting medium, nonfat dry milk, a 1 0 0* survlvabi- 
of bacterial cells is achieved.
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