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One of the problems in the manufacture of antibiotics is removal  of heat, l iberated in the p rocess  of 
mic roo rgan i sm activity. This amount of heat de termines  the neces sa ry  surface of the cooling units in the 
fe rmente r  and consumption of cooling water .  The examined problem has at t racted eve r - i nc r ea s ing  attention 
in recent  y e a r s  [1-5], since use of more  concentra ted nutrients  and productive s t ra ins  natural ly leads to an 
increase  in specific heat l iberation in the biosynthesis  p rocess .  

We c a r r i e d  out the determination of the amount of l iberated heat in the biosynthesis  p rocess  applied 
to a highly cultivated mic roorgan i sm,  a te t racycl ine  producer ,  in a 3 -m 3 fe rmente r  (Fig. 1). The amount of 
l iberated heat in the biosynthesis  p roces s  (Qferm) is made up of heat l iberated as a resul t  of mic roo rgan i sm 
activity (Qbios) and dissipation of energy during s t i r r ing  (Qstirr)- The heat balance of the fermentat ion p r o -  
cess  can be expressed  by the equation [1, 4, 5]: Qferm = Qbios + Qs t i r r  - Q e v -  Qsur r  where Qferm = 
Gc(t 2- t l )% G is consumption of cooling water  ( l i ters/h);  c is specific heat capaci ty of water  (kcal/kg �9 deg); 
t 1 and t 2 are  t empera tu res  of the cooling water  at the entrance and exit of the fe rmenter  housing (deg); v is 
t ime (h). Qs t i r r  was determined f rom the consumption of energy for s t i r r ing,  calculated f rom the voltage 
and measured  cur ren t  strength (without considerat ion of energy of idle motion). Tempera tu res  at the en-  
t rance and exit of cooling water ,  and also at the entrance and exit of air  f rom the f e rmen te r ,we re  measured  

with the rmomete r s ;  the amount of water  was 
" . measured  with the measur ing  vessel  and r o t a -  

7 , j ~ j ~  meter ,  and air consumption was measured  with 
a ro tamete r .  
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Fig. 1. Scheme of the unit for determinat ion of 
heat effect: 1) fe rmente r ;  2) a ir  f i l ter;  3) regula t -  
ing valve; 4) res i s tance  the rmomete r ;  5) r o t a m e -  
ter ;  6) measur ing  vessel ;  7) t he rmomete r .  

sec); I t and 12 are the heat contents of air at the 
entrance and exit f rom the fe rmenter  (kcal per 
1 kg of absolutely dry  air). 

The amount of heat ca r r i ed  away by the 
leaving air was negligibly smalh  from 200 to 
400 kcal /h;  this exceeds l i te ra ture  data [4] by 
approximately two times.  Heat losses  to the s u r -  
rounding medium, consequently given by a se r ies  
of invest igators  [2, 3, 5], do not exceed 5%,which 
is what we assumed in the calculations.  

The fe rmenter  was charged with 1.8 m 3 of 
enriched nutrient medium, into the composit ion 
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Change in heat  l ibera t ion  in the 
b iosynthes i s  p r o c e s m  1) fe rmenta t ion  
with a re la t ive  act ivi ty  of 1; 2) f e r m e n -  
tat ion with a r e l a t ive ly  act ivi ty  of 0.5. 
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Fig. 4. Dependence between heat  
l ibera t ion  and intensi ty  of r e s p i r a -  
tion in the t e t racyc l ine  b iosynthes is  
p r o c e s s  in the per iod  up to 50 h of 
development .  
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Fig. 3. Dynamics  of change in a s e r i e s  of p a r a -  
m e t e r s  in the t e t r acyc l ine  b iosynthes i s  p r o c e s s :  
1) act ivi ty;  2) intensi ty  of r e sp i r a t ion ;  3) hea t  
l ibera t ion;  4) ca rbohydra t e s .  
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of which en te red  about 6% ca rbohydra t e s  and s p e r m  
whale oil,  in t roduced r e g u l a r l y  during the whole 
fe rmenta t ion  p roces s . .  Ai r  consumption in the b io-  
synthes is  p r o c e s s  was va r i ed  f rom 0.5 to 0.8 mS/  
rain per  1 m s of medium.  Intensi ty  of r e sp i r a t ion  
of m i c r o o r g a n i s m s  was de te rmined  by per iodic  
m e a s u r e m e n t s  of the ca rbon  dioxide gas  concen t r a -  
tion in a i r  leaving the f e r m e n t e r  (using a VTI-2  
gas  ana lyzer ) .  

Heat  effect  of s t i r r i ng  was  c la r i f i ed  not only 
by d iss ipa t ion  of energy,  but also d i rec t ly .  Fo r  
this pu rpose  the f e r m e n t e r  was  charged  with 1.8 
m s of wa t e r  and i ts  initial and final t e m p e r a t u r e  
we re  m e a s u r e d  af ter  2, 3, and 4 h of s t i r r ing  in 
the absence  of aera t ion  and cooling. The amount 
of heat  l ibe ra ted  by s t i r r ing ,  ca lcula ted  by the heat  
balance equation, amounted to 1750 k c a l / m  s �9 h on 
the average .  The value of Qs t i r  was  va r i ed  f rom 
1500 to 2000 k c a l / m  s �9 h in the fe rmenta t ion  p r o -  
c e s s ,  which can be explained by aera t ion  and an 
i nc rea se  in v i scos i ty  of the cul ture  liquid in the 
b iosynthes is  p r o c e s s .  

The change in heat  l ibera t ion with t ime  for  two opera t ions  having dif ferent  final antibiotic c o n c e n t r a -  
tion pe r  unit volume is shown graphica l ly  in Fig. 2: the m a x i m u m  (curve 1) and 50% lower  (curve 2). We 
see that  in both c a s e s  the m a x i m u m  heat  l ibera t ion  is  o b s e r v e d  in the per iod  between 20 and 50 h of f e r m e n -  
tation, dfffering,  however ,  in absolute  value.  Af ter  a l apse  of 48-50 h of p roduce r  development  heat l i b e r a -  
tion d e c r e a s e d  sharp ly  in both c a s e s .  

Maximum heat  l ibera t ion  due to m i c r o o r g a n i s m  act ivi ty  (Qbios), obse rved  in the per iod  between 20 and 
50 h of fe rmenta t ion ,  can  va ry  f rom 3000 to 8000 kca l /m 3 �9 h, but because  of i ts  re la t ive  brev i ty  it  is r e f l e c t -  
ed very  insignif icant ly  on the ave rage  indices .  Thus, s ta t i s t ica l  t r e a t m e n t  of expe r imen ta l  data  obtained 
upon analys is  of heat  l ibera t ion  in the t e t racyc l ine  b iosynthes i s  p r o c e s s  showed that Qbios amounts  to 2000• 
160 k c a l / m  s �9 h on the ave rage  for  all  opera t ions ,  while Q f e r m  (with cons idera t ion  of the heat  effect  of s t i r r -  
ing) amounts  to 3830 • 173 k c a l / m  3 �9 h. 

Curves  of changes  in a s e r i e s  of p a r a m e t e r s  dur ing the fe rmenta t ion  p r o c e s s  a re  p re sen ted  in Fig. 3. 
As is  seen,  the m a x i m u m  heat  l ibera t ion  coincides  with the per iod  of m a x i m u m  intensi ty of r e sp i r a t i on  and 
the f a s t e s t  r a t e  of ca rbohydra te  r equ i r emen t :  The c h a r a c t e r  of this dependence in the range  up to 50 h of 
fe rmenta t ion  is  l inear ,  as  is  seen f r o m  Fig. 4, However ,  subsequently the r a t e  of hydroca rbon  r e q u i r e m e n t  
d e c r e a s e s  significantly,  while the in tens i ty  of r e sp i r a t i on  is re ta ined  at quite a high level  approx imate ly  up 
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to 80-85 h of development .  Evidently,  during this t ime  per iod  the growth p r o c e s s  continues,  although not as 
intensely as in the f i r s t  per iod of development .  De te rmina t ion  of the weight of myce l l e s  in the desc r ibed  ex-  
p e r i m e n t s  (which could have conf i rmed  the given hypothesis)  was  in t e r f e red  with by the he terogenei ty  of the 
fe rmenta t ion  medium used; however ,  it was es tab l i shed  upon using an analogous homogeneous medium in 
f lasks  on a shaker  that the growth of p roduce r  continues up to 70-80h of development .  

Thus, as expe r imen t s  show, a b r i e f  i n c r e a s e  in heat  l ibera t ion occu r s  in the per iod  of intensive deve l -  
opment  of the t e t racyc l ine  p roduce r  (up to 50 h); a v i r tua l ly  l inear  dependence is obse rved  between i ts  in-  
tensi ty  and r e sp i r a t i on  of the m i c r o o r g a n i s m .  These  data agree  with r e su l t s  obtained in the study of . interre- 
lat ions between oxygen r equ i r emen t ,  r e sp i r a t ion ,  and heat  l ibera t ion  in the p r o c e s s  of cult ivation of y e a s t s  
and b a c t e r i a  [4]. However ,  in our  case  this dependence is  d is turbed in the second per iod  of fe rmenta t ion ,  
upon advance of the phase  of act ive antiobiotic format ion.  
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