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S tu d ie s  on th e  optim um  p a ra m e te rs  o f  c o n c e n t r a t in g  b lo o d  p lasm a by u l t r a f i l t r a t i o n

SRI&OROV, V . ,  MARKOV, E. and RUSEV, I .  
i n s t i t u t e  o f  Meat I n d u s t r y ,  S o f ia ,  B u lg a r ia

Blood plasma is a product rich in protein, and accordingly it contains essential amino acids. 
J-ts introduction into meat products results in an improvement in yield and the water-holding 
Opacity of ground meat, and also in the improvement of the flavour and the biological quali
fies of sausages and canned meats.
°lood plasma drying in spray driers is at present one of the best methods of the long term 
Preservation of its qualities. However, it is worth noting that blood plasma has a high mois
ture content (91$), which is responsible for the inefficiency of its drying. Obviously, it is 
Necessary to effect a preliminary concentration of the product which is hard to accomplish by 
g a t i n g  without an injury to the biological qualities of the raw material.

v ie w  o f  s o lv in g  t h a t  p ro b le m , we s tu d ie d  th e  p o s s i b i l i t y  to  c o n c e n tra te  b lo o d  p lasm a by u l 
t r a f i l t r a t i o n ,  a m ethod i n  w h ic h  th e re  i s  th e  le a s t  r i s k  o f  p r o te in  d é n a tu r a t io n .

i ï a t e r i a l  s and M ethods
f i g  b lo o d  wa3 used by us as i n i t i a l  raw  m a te r ia l  to  o b ta in  p lasm a . The b lo o d  o b ta in e d  u n d e r 
^ g ie n i c  c o n d i t io n s  was s t a b i l i z e d  u s in g  a 10$ sod ium  c i t r a t e  s o lu t io n  (0 ,2 5  m l/d m o ). A f t e r  
V e te r in a ry  and s a n i t a r y  in s p e c t io n  and th e  d e te r m in a t io n  o f  th e  f i t n e s s  o f  th e  b lo o d , th e  l a t 
t e r  was s e p a ra te d  i n  an A l f a  L a v a l s e p a ra to r  w i th  an ave rag e  y ie ld  o f  b lo o d  p lasm a o f  60$. 
u l t r a f i l t r a t i o n  was con d u c te d  u s in g  a p i l o t  p la n t ,  UF 3 6 -1 8 , s u p p l ie d  by th e  D a n ish  company 
PCs. The m odule c o n s is ts  o f  3 s e c t io n s  each o f  w h ic h  has 40 ty p e  GR61PP f l a t  membranes m ounted 
lb  i t ,  o f  a s u r fa c e  a re a  o f  6 m2. The t o t a l  membrane s u r fa c e  a re a  c o n s t i t u t e s  18 m^. The s iz e  

o p e n in g s  i s  c a lc u la te d  to  w ith h o ld  m o le c u le s  o f  a w e ig h t  o f  o v e r  20 tho usan d  k g /k m o l.
Plasma te m p e ra tu re  i s  c o n t r o l le d  by a th e rm o re g u la to r ,  and c o o l in g  i s  e f fe c te d  i n  a t u b u la r  
B e a t-e x c h a n g e r ( c o o l in g  l i q u i d ,  ta p  w a te r ) .
P le a su re  and t ra n s m is s iv e  c a p a c i ty  a t  a d e f i n i t e  te m p e ra tu re  were r e g is te r e d  a t  c o n s ta n t  t im e  
in te r v a ls  by m e a s u r in g  th e  amount o f  p e rm e a tin g  m a te r ia l  p e r  m in u te .
" e in c lu d e d ' in t o  th e  programme o f  th e  e x p e r im e n ts  th e  f o l lo w in g :

an a n a ly s is  o f  th e  a f f e c t s  o f  te m p e ra tu re  and p re s s u re  on th e  c a p a c i ty  o f  th e  p la n t ;
'  an a n a ly s is  o f  changes i n  p re s s u re ,  p e rm e a tin g  m a t e r ia l ,  d ry  m a t te r  and p r o te in s  i n  th e  con 
c e n tra te  and th e  p e rm e a tin g  m a te r ia l  i n  th e  c o u rs e  o f  th e  p ro c e s s .

sam ples were a n a ly s e d  a c c o rd in g  to  th e  fo lo w in g  in d ic e s :
'P r o t e i n  c o n te n t ,  by K je l d a l ’ s m ethod : i n  a c co rd a n ce  w i th  B u lg a r ia n  S ta te  S ta n d a rd  9 3 7 4 -7 4 , 
‘ ‘e a t and m eat p ro d u c ts .  D e te rm in a t io n  o f  p r o te in  c o n te n t “ ; 
m o is tu re  c o n te n t :  a f t e r  B u lg a r ia n  S ta te  S ta n d a rd  5712—7 4 , "M eat and m eat p ro d u c ts .  D e te rm i

n a t io n  o f  m o is tu re  c o n te n t " ;

aah c o n te n t :  a f t e r  B u lg a r ia n  S ta te  S ta n d a rd  9 3 7 3 -8 0 . 

■Shits and D is c u s s io nfie

e x p e r im e n ts  to  d e te rm in e  th e  e f f e c t s  o f  te m p e ra tu re  and p re s s u re  on t ra n s m is s iv e  c a p a c ity  
■‘■th c o n s ta n t  c o n c e n tra t io n -a n d  c i r c u la t i o n  f lo w  were con du c te d  by us by r e c i r c u la t i n g  th e  

P erm ea ting  m a te r ia l  and th e  c o n c e n tra te  i n  a r e c e iv e r  ta n k .  We changed o p e r a t io n a l  p re s s u re  in  
che range  fro m  0 ,4  to  0 ,8  MPa; te m p e ra tu re ,  fro m  25 to  40°C . The v a lu e s  o f  t r a n s m is s iv e  cap a - 
jf1<-y in  te rm s  o f  l / h .m ^ ,  a re  shown in  T a b le  1 and i n  th e  g ra p h  o f  F ig .  1. 

r °m th e  d a ta  i n  th e  t a b le  i t  i s  o b v io u s  t h a t ,  upon th e  c o n s e c u tiv e  change o f  p re s s u re  from  0 ,4  
°>8 MPa a t  each 0 ,1  MPa, th e  in c re a s e  i n  t r a n s m is s iv e  c a p a c i ty  w i t h in  t h a t  ran ge  i s  in s ig -  

” l f i c a n t :
„  a t  a te m p e ra tu re  o f  25°C , 4 ,7 -1 2 ,5 $ ;
,  a t  a te m p e ra tu re  o f  30°C , 5 ,9 -1 0 ,0 $ ;  
j, a t  a te m p e ra tu re  o f  40°C , 8 , fc>—11,99^«
o°W ever, upon a s a l t a t o r y  change o f  p re s s u re  fro m  0 ,4  to  0 ,8  MPa, th e  in c re a s e  i n  t r a n s m is s iv e
° aP a c ity  becomes s i g n i f i c a n t .  Thus, f o r  in s ta n c e ,  a t  te m p e ra tu re s  o f  25 , 30 , and 40°C , i t  i n -

- - - - •eases to  3 8 ,7 ,  3 6 ,2 , and 4 9 ,1 $ , r e s p e c t iv e ly .
--------- 4 ______ ____  - r  4- __________ 4 _____4 ------------ ---  4 ^  4 - V . aq1® c o m p a riso n  o f  t r a n s m is s iv e  c a p a c i ty  i n  th e  ’ m i l d '  u l t r a f i l t r a t i o n  t r e a tm e n t :  p re s s u re ,

tU; •C’a* and te m p e ra tu re ,  25°C ; and i n  th e  's e v e r e ' t r e a tm e n t :  p re s s u re ,  0 ,8  MPa, and te m p e ra - 
l 'e ,  4o ° c ,  d e m o n s tra te s  g r e a t  p o s s i b i l i t i e s  o f  im p ro v in g  t r a n s m is s iv e  c a p a c i ty  by way o f  a p - 

j  ° P r ia te  a l t e r a t io n s  o f  th o s e  two p a ra m e te rs .
j ^ i n g  in t o  c o n s id e r a t io n  th e  r e s u l t s  o b ta in e d  i n  th e  e x p e r im e n t a t  c o n s ta n t  c o n c e n t r a t io n ,  i t  

P o s s ib le  to  m a in ta in  t h a t  i t  i s  e x p e d ie n t to  e f f e c t  b lo o d  p lasm a u l t r a f i l t r a t i o n  a t  th e  
q, Shest p o s s ib le  te m p e ra tu re  and p re s s u re .
R anges i n  u l t r a f i l t r a t i o n  p a ra m e te rs  and th e  c h e m ic a l c o m p o s it io n  o f  th e  c o n c e n tra te  a re  d i~  
4® ° t ly  de pe nd en t on th e  d u r a t io n  o f  th e  p ro c e s s . T h is  i s  shown i n  T a b le  2 and F ig .  2 . From th e  

®ta shown i t  i s  o b v io u s  t h a t ,  d u r in g  th e  p ro c e s s ,  as a r e s u l t  o f  th e  in c re a s e  in  th e  v i s c o s i -  
° f  th e  c o n c e n tra te ,  an in c re a s e  i n  p re s s u re  o c c u rs ,  fro m  0 ,5  MPa i n  th e  b e g in n in g  to  0 ,6 3  

s a i n  th e  end o f  th e  p ro c e s s .A t  th e  same t im e ,  th e  p re s s u re  o f  th e  fe e d in g  pump and on th e  
'Vi+v o f  th e  m odule re m a in s  unchanged : 0 ,2 0  and 0 ,2 8  MPa, r e s p e c t iv e ly .
Uj t h  an i n i t i a l  amount o f  b lo o d  p lasm a o f  274 dnw, 18O dm-1 o f  p e rm e a tin g  m a te r ia l  i s  o b ta in e d  
c i im a t e ly ,  w h ic h  p o in ts  to  a vo lum e c o n c e n t r a t io n  o f  2 ,91  h a v in g  been a c h ie v e d , 
j, b c e n tz -a tio n  f a c t o r s  o f  p r o te in s  and d ry  m a t te r  c o n s t i t u t e  2 ,3 6  and 2 ,2 5 .

3 shows th e  change in  t r a n s m is s iv e  c a p a c i ty  d u r in g  th e  p ro c e s s . The c u rv e  o f  th e  g ra ph  
b d ic a te s  t h a t  r i g h t  a f t e r  th e  s t a r t  o f  th e  p la n t  a g ra d u a l d e c re a se  i s  fo u n d  i n  th e  t r a n s m is -  

C a p a c ity  o f  th e  membranes. T hus, i f  i n i t i a l l y  we have a h ig h  t r a n s m is s iv e  c a p a c i ty :  14 ,3  
^  , w i t h in  15 m in u te s  i t  i s  red uce d  by 28$ , and w i t h in  40 m in u te s  i t  i s  lo w e r  th a n  th e  i n i -

41 one by 50$.
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T a b le  1. Dependence o f  th e  t r a n s m is s iv e  c a p a c i ty  o f  th e  membranes on th e  te m p e ra tu re  and 
th e  p re s s u re  o f  th e  p lasm a t r e a te d

P re s s u re , T e m p e ra tu re . °C
MPa 25 30 40

0 ,4 12,9 16, 0 17 ,7
0 ,5 13 ,8 17, 0 19 ,8
0 ,6 15 ,2 18, 7 2 2 ,0
0 ,7 17,1 19, 8 2 4 ,3
0 ,8 17,9 21 , 8 2 6 ,4

T a b le 2 . Changes i n  th e  c h e m ic a l 
i n  th e  d i f f e r e n t  phases

c o m p o s it io n  o f  th e  p e rm e a tin g  m a te r ia l  
i and e x p e r im e n ts  on u l t r a f i l t r a t i o n

and th e  c o n c e n tra te

Sample
No.

P ro - P re s s u re , MPa Con- P e rm e a tin g  m a te r ia l C o n c e n tra te _.
cess
d u ra 
t io n ,
m in

C ir c u 
l a t i n g

F e e d in g  
pump in

A f t e r
th e

cén
t r a t e
tem 
p e ra 
t u r e ,

°C

T ra n s m is s iv e
c a p a c ity

D ry
m a t-

P ro 
t e in

P ro -  
, t e in ,

Dry
m a t-

Ash
con-*

pump m odule m odule i / h l / h .m ^ t e r ,
°h

% % t e r ,
1°

ten t»
1°

1. 0 0 ,1 9 0 ,5 0 ,2 8 30 257 14,3 1,77 0 ,1 6 6 ,9 6 8 ,6 2 0 ,72
2. 15 0 ,2 0 0 ,5 2 0 ,2 8 30 185 10,3 - - 10 ,47 12,02 0,75
3. 45 0 ,2 0 0 ,5 2 0 ,2 8 30 139 7 ,7 - - 13 ,62 15,97 0 ,76
4. 60 0 ,2 0 0 ,6 0 0 ,2 8 30 120 6 ,7 - - 15,06 17,01 0 ,6  0
5. 75 0 ,2 0 0 ,6 2 0 ,2 8 30 86 4 ,8 - - 16,05 18,35 0,61
6 . 85 0 ,2 0 0 ,6 3 0 ,2 8 30 58 3 ,8 1 ,78 0 ,1 5 16,45 19 ,37 0 ,7  0

F ig .  1. G ra p h ic a l p r e s e n ta t io n  o f  th e  dependence o f  membrane t ra n s m is s iv e  c a p a c i ty  
on te m p e ra tu re  and p re s s u re .

376



2. Changes i n  th e  c o n te n ts  o f  a sh , p r o te in  and d ry  m a t te r  i n  th e  c o n c e n tra te  
1. ash c o n te n t ;  2 . p r o te in ;  3- d ry  m a t te r .

«I ^ ^ f i l t r a t i o n  i s  a s u i ta b le  te c h n o lo g y  o f  c o n c e n tr a t in g  b lo o d  p lasm a . I n  a s h o r t  p e r io d  
ly  c o n c e n tra t io n  f a c t o r s  o f  p r o te in s  and d ry  m a t te r  in c re a s e  to  2 ,3 6  and 2 .2 5 .  r e s o e c t iv e -
2 .  ’ 'pand vo lum e c o n c e n tr a t io n  re a c h e s  2 , 9 1 . *
view a? 8 m is a iV e . c a p a c lty  i s  d i r e c t l y  dependen t on te m p e ra tu re  and p re s s u re .  From th e  p o in t  o f  
is  n ? p r e s e r v in g  th e  o p e r a t in g  q u a l i t i e s  o f  th e  b a s ic  m a c h in e ry  and e q u ip m e n t, ho w e ve r, i t
3. o recommended to  o p e ra te  a t  te m p e ra tu re s  above 30°C and a p re s s u re  above 0 5 MPa
P i w r  e x p e r ie n c e  shows th a t  b lo o d  p lasm a u l t r a f i l t r a t i o n  i n  250 d tp  b a tc h e s  i s ’ th e  m ost a p - 
t * i b . , î a t V û w?le w  n f  a V 0 ld in g a lo n ê s ta n d in g  o f  c o n c e n tra te  i n  th e  p la n t .  T h is ,  i n  t u r n ,  c o n - 
ia ne “  ea P r e s e rv a t io n  o f  th e  m ic r o b io lo g ic a l  s ta tu s  o f  th e  f in is h e d  p ro d u c t  w i t h in  th e
i t 3*  ° i  s ta n d a rd  re q u ire m e n ts  and to  th e  q u ic k  r e g a in in g  o f  th e  c a p a c i ty  o f  th e  p la n t  a f t e rwashing.

s~n/r?

F ig *  3. Changes i n  th e  t ra n s m is s iv e  
c a p a c i ty  o f  membranes in  th e  
c o u rs e  o f  th e  p ro c e s s .
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