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V
l^ich d r i e d ' f r e e z e  d r i e d ,  a i r  d r i e d ,  f r o z e n  and l i q u i d  b o v i n e  p l as ma  ( f r e s h l y  drawn b l o o d  
' ^ « i c a T / f c  c e n t r i f u g e d  a t  1090,  4360,  7740 and 23700  g ,  r e s p e c t i v e l y )  was s u b j e c t e d  t o

Qa i / b i o c h e m i c a l  and s e p a r a t i o n  a n a l y s e s .
fhe
lS i n e P a : a t i 0 "  m e t h o d s  e m p l o y e d  wer e  UV/ VI S  s p e c t r o p h o t o m e t r y ,  r e v e r s e  p h a s e  h i g h  p r e s s u r e  

c h r o m a t o g r a p h y  ( R P - H P L C )  and e l e c t r o p h o r e s i s  ( SDS P AGE ) .  A m u l t i p a r a m e t e r  "S. 1AC" -  
c o n  I n s t r u m e n t  was u s e d  f o r  t h e  c h e m i c a l / b i o c h e m i c a 1 p r o f i l e s

ft*l ■
r da £a  ( c h e m i c a l  as w e l l  as t h e  s e p a r a t i o n  t e c h n i q u e s )  showed f e w d i f f e r e n c e s  

fie n t h e  f r e s h  p l a s ma  s a m p l e s  p r e p a r e d  a t  t h e  v a r i o u s  c e n t r i f u g a t i o n  s p e e d s .
N  P e c t r o p h o  t o me  t r i e  r e s u l t s  showed d i f f e r e n c e s  b e t we e n  f r e s h  and f r o z e n  vs s p r a y - d r i e d
n senr  d r \ ed P lasnla s a m p l e s  and vs t h e  f r e e z e - d r i e d  p l a s ma  s a m p l e s .  Ma r k e d  d i f f e r e n c e s  
hi f f  o f  u n i d e n t i t l e d  a b s o r b i n g  a g e n t s )  wer e  n o t e d  a t  412,  463 and 494 nm and a " bandOF* f* 11 T" T~ Cl if m n \Z 1 n rr o K p r t r K n n / in  r   ̂m O /I n _ a .  r\ -yo c c u r r e d ,  m o v i n g  a b s o r b a n c e  f r o m  300nm t o  297 nm, r e s p e c t i v e l y .  

r ° P h o r e t i c  p r o f i l e s  o r  d e n s i t o m é t r i e  d a t a  showed no  s i g n i f i c a n t  d i f f e r e n c e s  b e t we e n  t he1 .V D r d n Q ran -F r rt rr n n n W /r- /I n n y, J _ J __i _____ 1 . _ n . .« P l / Q p r e p a r e d ,  f r o z e n  and f r e e z e - d r i e d  s a m p l e s .  B o t h  a i r - d r i e d  and s p r a y - d r i e d  p l as ma  
°Per ? ■ P r o v e d  i m p o s s i b l e  t o  r e s o l v e  s a t i s f a c t o r i l y  due t o  t h e  i n c o m p l e t e  s o l u b i l i z a t i o n  

<- ies o f  t h e s e  s a m p l e s  d u r i n g  t h e  e l e c t r o p h o r e t i c  r u n .

i ur
¿* nt Y c l e, r / a C Vl .0 n i t r i l e  ( A C N )  aa w e l l  as t h e  p h o s p h a t e  b u f f e r / A C N  c h r o m a t o g r a m s  wer e  a l m o s t  

T h i s  i n d i c a t e d  no  s i g n i f i c a n t  d i f f e r e n c e s  b e t we e n  t h e  h e a t  and non  h e a t - t r e a t e d  
Par-.. P i a s m 3 s a m p l e s .  The p h o s p h a t e  b u f f e r / A C N  s y s t e m  p r o d u c e d  t h e  mos t  a c c e p t a b l e

X

¡•S|PI e hs emi ( Lal, a n a l y s e s  showed d i s t i n c t  d i f f e r e n c e s  b e t we e n  h e a t  and non h e a t - t r e a t e d  p l asma  
k l f e r P n t wh ! i s i  n °  s i g n i f i c a n t  d i f f e r e n c e s  wer e  r e c o r d e d  f o r  t h e  p l a s ma  s a m p l e s  p r e p a r e d  a t  
{/ , %«  £ c e n t r i f u g a t i o n  s p e e d s .  F o r  e x a m p l e ,  t h e  f r e e z e - d r i e d  p l a s ma  s a m p l e s  had l e s s

• u r e a ,  c a l c i u m ,  gamma g l u t a m i n e  t r a n s f e r a s e . l a c t a t e  d e h y d r o g e n a s e  and c h o l e s t e r o l
f r o c h  nr p n ro ii_W ri n/J n J __: r ’ .t he  c u -----------------  c o c  . l a u L a i e  u e ny u r  o g e n a s e ana c h o l e s t e r o l

° ° r deri J r e S u ° r  s p r a y ~d r i e d  p l a s ma .  S i g n i f i c a n t  i n c r e a s e s  i n  g l u c o s e  l e v e l s  wer e  a l s o  
0 t o r  t h e  f r e e z e - d r i e d  s a m p l e s .

i s
^ h e  u “ w i l d "  o r  " f i s h y "  f l a v o u r  o f  p o wd e r e d  b l o o d  p l as ma  i s  i n f l u e n c e d .

U n i d e n t i f i e d , h i g h  m o l e c u l a r  p r o t e i n - l i n k e d  m o l e c u l e sO b "  a n d / o r  p r o m o t e d  by h e a t ,  
i n s  ? )  wer e  i m p l i c a t e d .

A u c t i o n

'o?e ba0 t e i n  s o u r c e s  { o r  human c o n s u m p t i o n  a r e  a n n u a l l y  b e c o m i n g  mo r e  l i m i t e d  on a w o r l d -  
- £rf l l s - The o b v i o u s ,  b u t  d i f f i c u l t  s o l u t i o n  i s  b i r t h  c o n t r o l .  An a l t e r n a t i v e  a p p r o a c hrf in rnnnnr-/yt~t r* wy yj y. « > -  « ___ t  J   ____ i. _ • r r

th
. ----- ------------ - ------y y  y ~ y. y „  y y „  ■, U i  l L 11 UUULIU1. Ah 31 l e m a i l V e  apPTOaCh

, ® \°  r e s e a r c h  and d e v e l o p  a l t e r n a t i v e  p r o t e i n  s o u r c e s .  Much e f f o r t  has  b e e n  i n v e s t e d  
f o l l o w i n g  a r e a s :  p r o d u c t i o n  o f  s i n g l e  c e l l  p r o t e i n s ;  e x t r a c t i o n  o f  p r o t e i n s  f r o m

, ‘ e a v e s  and o t h e r  p l a n t  t i s s u e s ;  e d i b l e  f o o d  was t e  m a t e r i a l s ,  e t c .  H o we v e r ,  a n i m a l  
\ > h y  h V e r l  P o o r ! /  o t i l i s e d . A l i m i t e d  amount  o f  wh o l e  b l o o d ,  f o r  e x a m p l e  i n  Denmar k  and
f Q ] /) y? C tl n n n W i r ry f 1 rr if p /\ W i n h nm p n y% J  . y. j. u „ r _ y> I
» l in e

• ' --  ----- - . - ------  ----- . = v ivL fu ,  i u i  example  i n  uenmarn and
' n ' e e n  S b e e n  d l r e c t l y  u s e d  m  human f o o d  i n  t h e  f o r m  o f  b l a c k  p u d d i n g  ( A l f a  L a v a l  Foo d  
i [ U i * " 8 ’ \ 9 85 ) -  The r e m a i n d e r  i s  f u r t h e r  p r o c e s s e d  i n t o  a n i m a l  f e e d s ,  p e t f o o d s  and

£*>e b n i '  I n  some l n s t a n c e s ■ t h e  a n i m a l  b l o o d  i n  t h e  a b a t t o i r  c o n t r i b u t e s  s i g n i f i c a n t l y
u r d e n  and c o s t  o f  s u b s e q u e n t  e f f l u e n t  t r e a t m e n t .

K  f j  c ° o n t n e s .  wh o l e  b l o o d  i s  l i m i t e d  i n  u s e f u l n e s s  f o r  r e a s o n s  s u c h  as r e l i g i o n  c o l o u r  
, r  b u t  P l a s i «a i s  an a l m o s t  c o l o u r l e s s  b l a n d  m a t e r i a l  w i t h  q u a l i t i e s  t h a t  a r e  u s e f u l  

\  t y p e s  o f  f o o d  p r o d u c t s .
i h o
X 0(I V o l t y  ° f  f ° ° d g r a d e  P l asma P r o t e i n  wo u l d  de p e n d  upon t h e  p r a c t i c a l  r e c o v e r y  o f  a n i ma l  
N  s e0 /  human c o n s u m p t i o n .  T h i s  i n v o l v e s  two b a s i c  o p e r a t i o n s ,  n a m e l y  a s e p t i c  c o l  l e c t i o n  
, « *  'sse q a i 10n 0 f  wh o l e  b l o o d .  The me t h o d s  by wh i c h  b l o o d  can be c o l l e c t e d  and f u r t h e r  
V '>■ Thh a v e  b e e n  f u l l y  d e s c r i b e d  e l s e w h e r e  ( A l f a  L a v a l  F o o d  E n g i n e e r i n g . 1 9 8 5 ;  G o r b a t o v  

i's , ,  e t e c h n o l o g y  f o r  f u r t h e r  p r o c e s s i n g  t h e  r e d  c e l l  f r a c t i o n  o f  a n i m a l  b l o o d  and i t s  
% ‘ So d e s c r i b e d  e l s e w h e r e  ( V a r e l t z i s  and Buc k ,  1 9 8 5 ) .  
b f
5 ^ P s C t i 0 n a i  P r o p e r t i e s  o f  b o v i n e  p l a s ma  a r e  v e r y  s i m i l a r  t o  t h o s e  o f  e g g  w h i t e .  P l a s ma  

\ « c y  h a v e  g o o d  s o l u b i l i t y , e m u l s i f y i n g  c a p a c i t y ,  f o a m i n g  a b i l i t y ,  e m u l s i o n  s t a b i l i t y  and  
'°i)p * ona° i ° d a b i H t y  t o  f o r m  g e l s .  P l as ma  g e l  f i r m n e s s  i s  u s u a l l y  use d  as an i n d i c a t o r  o f  

i •t y ' Ge l  f i r m n e s s  i s  d e p e n d e n t  upon a n u mb e r  o f  f a c t o r s .  T h e s e  i n c l u d e  p l a s ma
‘ i o n ,  t r e a t m e n t  t e m p e r a t u r e  and d u r a t i o n .  pH and s o d i u m  c h l o r i d e .  The d e t a i l s  

j ,  b l o o d  p r o t e i n  f u n c t i o n a l i t y  a r e  d i s c u s s e d  e l s e w h e r e  ( A u t i o  e t  a l ,  1 9 85 ;  E t h e r i d g e  
9g l :  Haque  and K i n s e l l a ,  1 9 88 :  H i c k s o n  e t  a l ,  1 9 82 :  H o w e l l  and L a w r i e ,  1987 :  Khan e t

1177



8:15

1 90*'
a l .  1 9 79 :  L e e  e t  a l ,  1 9 87 :  Nakamura e t  a l ,  1 9 84 ;  Se i d ma n  e t  a l ,  1 9 79 ;  S h a h i d i  e t  a l ,  3 
T e r r e l l  e t  a l .  1 9 79 ;  T y b o r e t  a l ,  1 9 7 3 ;  Yassuda e t  a l ,  1 9 8 6 ) .

nd l°The p u r p o s e  o f  t h i s  p r e l i m i n a r y  s t u d y  was t o  i n v e s t i g a t e  v a r i o u s  s e p a r a t i o n  me t h o d s  a\ 0^ 
i d e n t i f y  s e l e c t e d  c h e m i c a l  c o m p o n e n t s  o f  t h e  b o v i n e  p l a s ma  f r a c t i o n .  L i t t l e  i s  known  ■// 
t h e  c o m p o s i t i o n  o f  a n i m a l  p l a s ma  as a p r o c e s s  raw m a t e r i a l .  An a t t e m p t  was made t o  i d e  .¡t 
p o t e n t i a l  f a c t o r s  t h a t  m i g h t  c o n t r i b u t e  t o  t h e  c h a r a c t e r i s t i c  and p o s s i b l y  objection 
f l a v o u r  o f  p o w d e r e d  ( d r i e d )  p l a s ma  ( i . e .  a t  c o n c e n t r a t i o n s  > 2 o r  mo r e  p e r c e n t  d r y  v 
b a s i s  )  .

MATERIAL AND METHODS
„iS

The b o v i n e  p l a s ma  was p r e p a r e d  by p o o l i n g  f r e s h l y  c o l l e c t e d  b o v i n e  b l o o d  ( 5 0 L )  t h a ¡̂i 
a s e p t i c a l l y  drawn f r o m  s e v e r a l  e x p e r i m e n t a l  a n i m a l s .  P r i o r  t o  p o o l i n g ,  t h e  b l o o  e 
t r e a t e d  w i t h  SABAX Tr  ans  f  u s o - V a c  a n t i c o a g u l a n t  ( SABAX I n c . ,  D e e r f i e l d ,  I l l i n o i s  USA)  ■ .fgtl

c i t r a t e  d i h y 0> »«h u n d r e d  c m3 o f  b l o o d  was m i x e d  w i t h  70 c m3 o f  a n t i c o a g u l a n t  ( s o d i u m  
( 1 . 8 4 g ) ;  c i t r i c  a c i d  m o n o h y d r a t e  ( 2 2 8 . 9  mg )  and p h o s p h a t e  d i h y d r a t e  ( 1 7 5 . 7  mg )  -  
c m3 s t e r i l e ,  p y r o g e n - f r e e  w a t e r ) .  The p o o l e d  b l o o d  was s e p a r a t e d  i n t o  p l a s ma  and r e  
f r a c t i o n s  a t  4 ° C  by means o f  c e n t r i f u g a t i o n  ( i . e .  a t  1090g .  4360g ,  7740g  and < ^
r e s p e c t i v e l y ) .  One l i t r e  o f  t h e  p l a s ma  f r a c t i o n  was f r o z e n  a t  - 1 8 ° C  f o r  2 m o n t h s , o ¡¡t
c o o l e d  a t  4 ° C  and t h e  r e m a i n i n g  p l a s ma  was s u b - d i v i d e d  i n t o  two f r a c t i o n s . One f r  
was d r i e d  u n d e r  vacuum ( - 7 0  t o r r )  f o r  10 days  and t h e  o t h e r  f r e e z e - d r i e d  ( p l a t e  t emper  
o f  2 0 ° C  and vacuum - 7 0  t o r r ) .  P r i o r  t o  a n a l y s i n g  t h e  a b o v e  s a m p l e s ,  f r e s h l y  drawn P 0j 
( p r e p a r e d  by t h e  same m e t h o d s  as a b o v e  b u t  c e n t r i f u g e d  a t  4360 g )  was i n c l u d e d  as the0 1
c o n t r o l .  F r e s h  p l a s ma  ( 2  L )  was a l s o  f r e e z e - d r i e d  a t  a p l a t e  t e m p e r a t u r e  o f  < 0 6
vacuum o f  - 7 0  t o r r .  C o m m e r c i a l  s p r a y - d r i e d  b l o o d  p l a s ma  s u p p l i e d  by t h e  A m e r i c a n  ¡fit 
P r o t e i n  C o r p o r a t i o n  ( 2 5 1 5  E l wo o d  D r i v e ,  S u i t e  106 Ames,  I owa 50010 USA)  was used t¡t
d r y / p o w d e r  c o n t r o l .  The m o i s t u r e  c o n t e n t  o f  a l l  t h e  d r i e d  s a m p l e s  was < 6X.  The v 
and f r e e z e - d r i e d  s a m p l e s  p r e p a r e d  a t  4360 g wer e  use d  i n  t h e  a n a l y t i c a l  t e s t s .

The f o l l o w i n g  s t a n d a r d  c h e m i c a l  a n d / o r  p r o t e i n / e n z y m e  t e s t s  wer e  c o n d u c t e d  by means t
m u l i t i p a r a m e t e r  "SMAC"  ( T e c h n i c o n  I n s t r u m e n t s  I I .  T a r r t o w n ,  New Y o r k )  on f r e s h  b o v i n e
s e p a r a t e d  a t  d i f f e r e n t  g - v a l u e s ,  and 6X ( m/ v )  s p r a y - d r i e d  and f r e e z e - d r i e d  ( c e n t r i l  B p f  
4360 g )  t e s t  s a m p l e s .  The a n a l y t i c a l  m e t h o d s  use d  i n c l u d e d  t h e  f o l l o w i n g : -  Al bum
b i n d i n g - b r o m o c r e s o  1 g r e e n  w i t h  s u c c i n a t e  b u f f e r  CV 2X;  B i c a r b o n a t e : C o l o r i m e t r i c  ¡ ¡ ¡ r  
u s i n g  p h e n o l p h t a l e n e  i n d i c a t o r  CV 5X:  B i l i r u b i n :  S u p h a n i l i c  a c i d  w i t h  c a f f e i n e -  ¡1 
a c c e l e r a t o r  CV 5 X ; C a l c i u m :  C o l o r i m e t r i c  m e t h o d  u s i n g  c r e s o l p h t a l e i n  complexone 
C h l o r i d e :  C o l o r i m e t r i c  m e t h o d  u s i n g  m e r c u r i c  t h i o c y a n a t e / f e r r i c  n i t r a t e  CV I X
C h o l e s t e r o l  o x i d a s e :  C r e a t i n e :  J a f f e  end p o i n t  r e a c t i o n :  G l u c o s e :  H e x o k i n a s e ; 
P h o s h o m o l y b d a t e  r e d u c t i o n  w i t h  s t a n n o u s  c h l o r i d e - h y d r a z i n e  CV 2X;  P o t a s s i u m : 
e l e c t r o d e  CV 2X;  P r o t e i n :  End p o i n t  b i u r e t  r e a c t i o n  CV 2X;  S o d i u m :  I o n  s e l e c t i v e

iOUC j-v

CV I X :  U r e a :  D i a c e t y l  mo n o x i me  me t h o d  CV 2X:  U r i c  a c i d :  C o l o r i m e t r i c  u r i c a s e - p e r o x i
2X:  A l a n i n e  t r a n s a m i n a s e  ( G P T ) :  R a t e  r e a c t i o n  a t  334/340/356  nm, L a l a n i n e  c o n c e n t e r  ¡¡it1

i s  b u f f e r ;  A l k a l i n e  p h o s p h a t a s e  ( A L P ) :  p - n i t r o p h e n y 1 p h o s p h a t e  s u b s t r a t e ^  
i l  b u f f e r :  A s p a r t a t e  t r a n s a m i n a s e  ( G O T ) :  R a t e  r e a c t i o n  a t  334/340/ ^

t r a n s f e r a s e  ( G G T ) :  
L a c t a t e

225 mM i n  t r i s  
m e t h y l  p r o p a n o l
a s p a r t a t e  c o n c e n t r a t i o n  > 100 nM. t r i s  b u f f e r ;  Gamma g l u t a m y l
g l u t a m y l - 4 - n i t r o  a n a l i d e  s u b s t r a t e ; L a c t a t e  d e h y d r o g e n a s e  ( L D H ) :  
r e a c t i o n  334/340/366  nm. The i n t r a b a t c h  X C V ' s  f o r  t h e  e nzymes  
w h i l s t  t h e  i n t e r b a t c h  C V ' s  f o r  t h e  e nz yme s  wer e  a p p r o x i m a t e l y  6 - 7 X .  
c o n t r o l  s e r a  wer e  i n c l u d e d  i n  e a c h  r u n .  The r e s u l t s  wer e  a c c e p t e d  o n l y  i f  t h e  
t h e  c o n t r o l s  wer e  w i t h i n  a c c e p t e d  l i m i t s .

and r e a g e n t s  use d  f o r  t h e  e l e c t r o p h o r e t i c ,

p y r u v a t  y t  
were  a p p r o x i m a t e 33 

C o m m e r c i a l

d *.«l
s p e c t r o p h o t o m e t r i c  anr U et

wer e  o f  a n a l y t i c a l  r e a g e n t  g r a d e  o r  b e t t e r  e x c e p t  t h e  g l y c e r o l  wh i c h  was o t
A l  1 t h e  c h e m i c a l s  
a n a l y s e s
g r a d e .  Wa t e r  was p r e p a r e d  by a M i l l i p o r e  M i l l i - Q t w a t e r  s y s t e m .

E l e c t r o p h o r e s i s  ¡̂S

P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  i n  t h e  p r e s e n c e  o f  s o d i u m  d o d e c y l  s u l p h a t e  ( S D S - P ^ g  
c a r r i e d  on a B i o - R a d  M i n i - P r o t e a n 1* v e r t i c a l  e l e c t r o p h o r e s i s  u n i t  a c c o r d i n g  P ’J  
m a n u f a c t u r e r s  i n s t r u c t i o n s .  The t o t a l  g e l  s i z e  was 7 x 10 x 0 . 1  cm.  A c o n t i n u°  ^  i  :j 
s y s t e m  ( T r i s ,  G l y c i n e  and SDS )  was u s e d  w i t h  s e p a r a t i n g  g r a d i e n t  g e l  c o n c e n t r a t i o n  [ e) .i 
a c r y l a m i d e  ( B i o - R a d  c a t a l o g u e  n u mb e r  1 6 1 - 0 9 0 3 ) .  Two g e l s  wer e  s u b j e c t e d  t o  e 1 e a t r °Z rlt ’  t1 
f o r  2 h a t  a c o n s t a n t  v o l t a g e  o f  200V.  The g e l s  wer e  s t a i n e d  w i t h  C o o m a s s i e  B r i l 1 
R250,  d e s t a i n e d  and s c a n n e d  w i t h  a DU- 7 0  S p e c t r o p h o t o m e t e r . S a m p l e  l o a d  was v 
o p t i m i s e  r e s o l u t i o n .

S p e c t r o p h o t o m e t e r

Known c o n c e n t r a t i o n s  o f  p l a s ma  p r o t e i n  wer e
m e t e r

The n i t r o g e n  c o n t e n t  ( mgN/100 c m3)  o f  t h e  s a m p l e s  was:

l O
e r e  s c a n n e d  s p e c t r o p h o t o m e t r i c a 11y be t ween  

and 590 nm u s i n g  a D U -7 0  S p e c t r o p h o t o m e t e r  i n  s c a n  mode i n  a c c o r d a n c e  w i t h  mand
i n s t r u c t i o n s .

N i t r o g e n  ( m g N / l O O m l )

Two m o n t h - o l d  s a m p l e s  : -
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" F r e s h "
F r o z e n  
A i r - D r i e d  
S p r a y - D r i e d  
F r e e z e - D r i e d  I

F r e s h  s a m p l e s : -

F r e s h  1 0 5 7 . 5  ( u n f r o z e n )
F r e e z e - D r i e d  I I  1 8 9 . 7  ( + / -  I X  s o l u t i o n )

F r e e z e - D r i e d  I  d r i e d  a t  2 0 ° C  
F r e e z e - D r i e d  I I  d r i e d  a t  < 0 ° C

1 0 2 2 . 5  ( u n f r o z e n )
1 0 2 2 . 4

9 3 . 9  ( + / -  I X  s o l u t i o n )
1 0 3 . 6  ( * / -  I X  s o l u t i o n )
1 1 5 . 3  ( + / -  I X  s o l u t i o n )

B P L C

The f o l l o w i n g  e q u i p m e n t  was u s e d :
712 U I S P  ( V a t e r s  I n t e l l i g e n t  S amp l e  P r o c e s s o r )
501 HPLC Pump 
510 HPLC Pump
S I M  Box  ( S y s t e m  I n t e r f a c e  M o d u l e )
490 P r o g r a m m a b l e  M u l t i w a v e l e n g t h  D e t e c t o r  
D i g i t a l  LA50 P r i n t e r
D i g i t a l  P r o f e s s i o n a l  350 M i c r o c o m p u t e r  

C o l u m n s :

Guar d  -  S u p e l c o s i l  LC308,  C 8 . 5, 300 A p o r e  s i z e ,  2cm x 4.6mm 
S e p a r a t i o n  -  S u p e l c o s i l  : L C 3 0 8 ,  C8,  5 , 300 A p o r e  s i z e ,  25cm x 4.6mm

S o l  v e n t s :

S o l v e n t  A -  100X V a t e r  w i t h  0 . 1 X  TFA 
S o l v e n t  B -  100X ACM w i t h  0 . 1 X  TFA

S o l v e n t  A -  100X P h o s p h a t e  B u f f e r  
S o l v e n t  B -  100X ACN w i t h  0 . 1 X  TFA

( S o l v e n t  8 must  n o t  e x c e e d  70X o f  t o t a l  e l u e n t  t o  a v o i d  p h o s p h a t e  p r e c i p i t a t i o n )  

P h o s p h a t e  B u f f e r s :

S o d i u m D i h y d r o g e n  P h o s p h a t e  20mM L ~ ‘ pH 4 . 7 5  
D i s o d i u m  H y d r o g e n  P h o s p h a t e  20mM L ~ ‘ pH 9 . 4 5

P r o g r a m s  : -

V a t e r / A C N  s y s t e m  ( R e f e r  to F i g . l )

Time 
( min )

Flow
(c m 3/min)

* A X B Curve

0 0.5 100 0 *
5 1 100 0 6
20 2 55 45 3
25 2 40 60 3
30 1 100 0 8
35 0.5 100 0 6

Experimental conditions:

^ a m p le 1 o a d : 10 pL

P h o s p h a t e  B u f f e r / A C N  s y s t e m (Refer to Fig

Time Flow * A X B Curve
(min ) (cm3/min )

0 1 70 30 *
30 1 35 65 8
40 1 70 30 6
45 1 70 30 6

E x p e r i m e n t a l  c o n d i t i o n s :

S i m i l a r  to t h e  w a t e r / A C N  s y s t e m .  R u n n i n g  t i m e :  45 m i n
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RESULTS AND DISCUSSION

P r o t e i n  s e p a r a t i o n s  by means  o f  t he  r e v e r s e  p h a s e  HPLC co l umn and t he  s e l e c t i o n  o i  j 
s u i t a b l e  c a r r i e r  p h a s e  p r e s e n t e d  s e v e r a l  o p e r a t i o n a l  p r o b l e m s .  I n i t i a l l y '  ^
w a t e r / a c e t o n t r i 1e g r a d i e n t  s y s t e m was  u s e d .  I t  became c l e a r  t h a t  i n a d e q u a t e  s e p a r a t i o n  * 9S
o c c u r r i n g ,  p a r t i c u l a r l y  f r o m 15 m i n u t e s  o n w a r d s .  T a i l i n g  was  a l s o  e v i d e n t .  T h i s  
t h e o r i s e d  as  b e i n g  due t o  t he  i o n i s i n g  p r o p e r t i e s  o f  the  p r o t e i n s  i n  t he  p l a s ma  samP1̂  
To o v e r c o me  t h i s ,  a p h o s p h a t e  b u f f e r  s y s t e m  was  t r i e d .  T h i s  s y s t e m a l s o  p r o v e d  t o  be ® j 
d i f f i c u l t  t ha n  a n t i c i p a t e d  r e g a r d i n g  t he  e l i m i n a t i o n  o f  t he  t a i l i n g  p r o b l e m .  The t a i 5' vi 
can be s e e n  a t  a p p r o x i m a t e l y  30 m i n u t e s  i n  F i g u r e  1.  V a r y i n g  t he  pH d i d  l i t t l e  t o  re® j 
t he  p r o b l e m .  A b o v e  pH 7 p o o r  s e p a r a t i o n s  o c c u r r e d  wh i c h  i mp r o v e d  s l i g h t l y  as  the .^
d e c r e a s e d .  W i t h  t h i s  t y p e  o f  b u f f e r  s y s t e m t he  b e s t  s e p a r a t i o n  t h a t  c o u l d  be o b t a i n e d  ' ^ 
2 . )  o c c u r r e d  a t  pH 4 . 7 5  i e . 100X s od i um d i h y d r o g e n  p h o s p h a t e  20 mM L ' 1 pH 4 . 7 5  as  s o l v e n t  [
A t t e m p t s  t o  d e c r e a s e  t he  pH e v e n  f u r t h e r  may i mp r o v e  t he  s e p a r a t i o n .  C u r r e n t l y ,  d i f £er tpe 
m e t h o d o l o g i e s  a r e  b e i n g  t e s t e d / p u r s u e d  t o  f i n d  a s u i t a b l e  b u f f e r e d  s y s t e m  w i t h i n
c o n s t r a i n t s  o f  s i l i c a  co l umn c h e m i s t r y .

From F i g u r e s  3 and 4 mar ked  d i f f e r e n c e s  ( a b s e n c e  o f  s p e c i f i c  a b s o r b i n g  a g e n t s )  w e r e  n o t e 15 .
r , rw _ _  _ .. _________ , , _____  „ „  _ _ . . . ___ _  ̂ _ i  r C ’  ,412,  463 & 494nm and a

f r o z e n  and two m o n t h - o l d  
f r e e z e - d r i e d  p l a s m a .  I t  was  
s p e c t r u m  s u b t l y  d i f f e r e n t  
o f  t he  c u r v e  l e a d i n g  to

band s h i f t "  o c c u r r e d  b e t w e e n  300nm to  297nm b e t w e e n  t he  £retpe 
“ f r e s h "  p l a s ma  a g a i n s t  t he  s p r a y - d r i e d ,  a i r - d r i e d  p l a s ma  an

f u r t h e r  n o t e d  t h a t  the  f r e e z e - d r i e d  p l a s ma  g a v e 10P
t o  t he  s p r a y - d r i e d  and a i r - d r i e d  p l a s ma  s a m p l e s  i n  t h a t  the ŝ ei

b e t w e e n  t he  p l a s ma  s a m p l e s  w i t h  d i f f e r e n t  g v a l u e s .
t he  m a j o r  p e ak  a t  297nm was s h a r p e r .  No d i f f e r e n c e s  were n°

The e l e c t r o p h o r e t i c  p r o f i l e  o r  d e n s i t o m e t r i c  r e s u l t s  i l l u s t r a t e d  i n  F i g .  5 ( u s i n g  a po 
g r a d i e n t  p o l y a c r y l a m i d e  g e l  i n  t he  p r e s e n c e  o f  s od i um d o d e c y l  s u l p h a t e )  i n d i c a t e d ^ « ,  
s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t he  f r e s h l y  p r e p a r e d  and two m o n t h - o l d  " f r e s h  safl>P* ed 
f r o z e n  o r  f r e e z e - d r i e d  s a m p l e s .  Bo t h  t he  a i r - d r i e d  and s p r a y - d r i e d  s a m p l e s  Pr ° teiJ
i m p o s s i b l e  to  r e s o l v e  s a t i s f a c t o r i l y .  The t r a c k s  c o n t a i n i n g  t h e s e  s a m p l e s  i 1 l u s t r ¿pi 
e x t r e m e  s t r e a k i n g  t h a t  c o u l d  no t  be e l i m i n a t e d  w i t h  c e n t r i f u g a t i o n  ( 9200  g f o r  30 ' ^el 
a n d / o r  f i l t r a t i o n  ( 0 . 4 5  p  d i a m e t e r  m e m b r a n e / s i e v e ) .  Such s t r e a k i n g  i s  i n d i c a t i v e  o f  e l êle 
p a r t i c u l a t e  m a t t e r  ( u n l i k e l y  i n  v i e w  o f  t he  a b o v e )  o r  incomP^ofe
s o l u b i  1 i s a t i o n / p r e c i p i t a t i o n  d u r i n g  t he  e l e c t r o p h o r e t i c  r u n . The l a t t e r  i s  t h o u g h t  the  
l i k e l y  wh i c h  wo u l d  i n d i c a t e  t h a t  some m o l e c u l a r  c h a n g e ( s )  h a s / h a v e  o c c u r r e d  to  the  P1 
p r o t e i n s  .

,asr
The c h e m i c a 1/ b i o c h e m i c a 1 r e s u l t s  showed i n  T a b l e  1 c o n f i r m e d  t h a t  ( 1 )  t he  b o v i n e  P ' . j a5 
f r a c t i o n s  p r e p a r e d  by t he  d i f f e r e n t  c e n t r i f u g a t i o n  s p e e d s  o f  w h o l e  b l o o d  w e r e  v e r y  slli

p la s m a  ( w a t e r  / A C N  s y s t e m )

1180



8:15

F ig u r e  2 . H P L C  c h r o m a t o g r a m  o f  s p r a y - d r i e d  b o v in e  

p la s m a  ( p h o s p h a t e  b u f f e r  / A C N  s y s t e m )

Figure 3. UV / vlsable spectra (seen) of spray-dried (1 ), air-dried (2 ), freeze-dried 

(at 20°C plate temperature) (3 ), freeze-dried  (at 0°C plate temperature) (4 ), fresh (5), 

■fresh’  (stored at 4°C for 2 months) (6 ) and frozen (for 2 months at -18°C ) (7 )

bovine plasma

1181



Wavelength (nm)
Figure 4. UV / visible and 1st derivative spectra (scan) of spray-dried (1 ) and 

fresh (2 ) bovine plasma

separated by using SDS-PAGE (4 - 20% gradient, 200V, 2h)



8:15
>

«*b  I S e  I e o t e d  c h e m i  c  a  I /  fc> i o o h e m i  c a  
b l o o d  p I a s m a d a t a  o n  b o v i n e

Component
Plasma prepared from whole blood at

var ious c e n t r i fu g a t io n  speeds (rpm) /  g values Powdered plasma

W ? " .  (mmol /L
■mi- -¡urn (nmol/L)
'Carkde (mmol/L) 
rSs ° na,e (mmol/L) 
r j  (wnoi/L) 

ïrlp 1 ne (nmol/L)
J»u.ac id (nmol/L)

(r,Inol/L)
,r0tdha,e (nmol/L) 
lbu!'n <9/L)

Sa? 2 <9/L)rOhi Bl 1 i rubl n (umol /L) 
\|i'“9ated Bi I i rub i n (/mol/L;
^  ! U/D
» ( ! U/L>

* IU/L)
& T, < iu/L)
S l ' l u / L )

V o * ,ero1 (nmol/L)
Se (nmol/L)

(3000) (6000) (8000) (14000) Spray-d r ied  F reeze-dr ied
1090 4360 7740 23700 (6% m/v)

139 140 140 140
4.2 4.3 4.4 4

101 99 99 100
23 22 23 22

7.6 7.2 7.2 7
74 70 67 76

1.04 0.92 0.89 0
2. 17 2. 17 2. 15 2
1.80 1.80 2.06 1

86 
_a 89 87 89

0 0 0 0

140
4.4

50
2.0
2.7

75
0.47 
1.64 
1.33 

45 
24 

0

38 38 38 38
32 32 32 33
88 87 83 88
24 41 22 32

788 844 828 865
4.40 4.64 4.58 4
2.9 1.6 1.4 1.7

33 44
16 10
14 0
10 15

152 134
2.40 1.20
1.6 4.4

% l l 2 )  t he  f r e s h  p l a s ma  f r a c t i o n s  d i f f e r e d  f r om t he  s p r a y - d r i e d  and f r e e z e - d r i e d  p l a s ma  
i r6 s . T h i s  was  p a r t i c u l a r l y  o b v i o u s  when the  c o n c e n t r a t i o n s  o f  t he  f o l l o w i n g  co mpo ne nt s  
%  c o mp a r e d :  s o d i u m.  c h l o r i d e ,  b i c a r b o n a t e ,  u r e a .  GGT, GOT. LDH. G P T . c h o l e s t e r o l  and

k
S j  UV/VI S  s p e c t r o p h o t o m e t r i c  and e l e c t r o p h o r e t i c  r e s u l t s  and t he  s e l e c t e d  
l" 1 ecu ? / b i o c h e m i c a l  d a t a  i n  t h i s  s t u d y  showed  s o l u b i l i t y ,  c h e m i c a l  and e n z y m a t i c  a s  w e l l  as  
(°vinp a r  d i f f e r e n c e s  b e t w e e n  f r e s h l y  d r a wn ,  f r e e z e - d r i e d ,  f r o z e n  and two m o n t h - o l d  " f r e s h "  
k f f er plasi I ia v s s p r a y - d r i e d  and a i r - d r i e d  b o v i n e  p l a s m a .  W h i l s t  t he  HPLC r e s u l t s  showed no 
S  e n c es  b e t w e e n  h e a t -  and non h e a t - t r e a t e d  p l a s ma  s a m p l e s ,  t he  s u c c e s s f u l  s e p a r a t i o n s  by 
t at i g g P e l c o s i  1 LC308 r e v e r s e  co l umns  ( r e f e r  t o  F i g u r e s  1 and 2 ) ,  h o w e v e r ,  i n d i c a t e d  no

i n  t he  P l a s ma  p r o t e i n  h y d r o p h o b i c  p r o p e r t i e s  ( i t  i s  t h e o r i s e d  t h a t  t h i s  co l umn
, i s , es p r o t e i n s  b a s e d  on t h e i r  i n h e r e n t  ( o r  non d e n a t u r e d )  h y d r o p h o b i c  c h a r a c t e r i s t i c s .  
¡rs l s  a s i g n i f i c a n t  o b s e r v a t i o n  b e c a u s e  t he  h y d r o p h o b i c  p r o p e r t i e s  o f  " d e n a t u r e d "  p r o t e i n s  
lff l U e n ° Wn t0 a f f e c t  f l a v o u r .  Most  i n t a c t  p r o t e i n s  ha ve  l i t t l e  f l a v o u r  but  t he v  c o u l d
»N.V n ° 6 f l a v o u r by b i n d i n g  f l a v o u r  compounds  ( B i g e l o w ,  1 967 ) .  The HPLC r e s u l t s  iri t h i s
rH ei  S u g g e s t e d  t h a t  t he  " w i l d "  f l a v o u r  o f  p l a s ma  p r o t e i n s  was  p r o b a b l y  no t  c a u s e d  by 
v n h y d r o p h o b i c  i n t e r a c t i o n s .

!l
> c 6 s , r e s u l t s  i n  t h i s  s t u d y  c o n f i r m e d  t h a t  h e a t  ( u s e d / g e n e r a t e d  d u r i n g  t he
tkVor l n B / p r e s e r v a t i o n  o f  l i q u i d  p l a s m a )  i n f l u e n c e d  ( d i r e c t l y  o r  i n d i r e c t l y ) ,  i n d u c e d  
(?*8 P r o mo t e d  t he  d e v e l o p m e n t  o f  t he  u n d e s i r e d  n o t e s  i n  p o wd e r e d  p l a s m a .  In s u p p o r t  o f  
V  P a t 6"  v a r i o u s  raeat and ca ke  p r o d u c t s  we r e  p r e p a r e d  w i t h  and w i t h o u t  p l a s ma  p o w d e r .  Meat  
i N b )  .V and l o c a l  f r e s h  s a u s a g e  f o r m u l a t i o n s )  and e g g  a l b u m i n  ( a  v a r i e t y  o f  cake  
tN r e ! i i o n s > was  P a r t i a l l y  s u b s t i t u t e d  by f r e s h ,  f r e e z e - d r i e d  and f r o z e n  b o v i n e  p l a s ma  and  
' l'  d d t o  p r o d u c t s  f o r m u l a t e d  w i t h  and w i t h o u t  s p r a y - d r i e d  p l a s m a .  The c o n c e n t r a t i o n  o f  
n ’’H i d » 6 '1 p l a s ma  i n  t he  f o r m u l a t i o n s  r a n g e d  f r om 1 to  5X ( m/ v )  and 5 t o  30% ( m/v )  w i t h  
ij Cq ' p l a s m a ,  r e s p e c t i v e l y  ( u n p u b l i s h e d  d a t a ) .  The s u b s t i t u t e  p r o d u c t s  ( i . e .  w i t h  p l a s ma  

m a C e n t r a t r ° ns  f a r  g r e a t e r  t ha n  wha t  i s  a c c e p t a b l e  by c o n s u me r s  s e n s i t i v e  t o  t he  p r e s e n c e  
,,i)ej ^ a s ma i n  meat  and o t h e r  f o o d  p r o d u c t s )  w e r e  f a v o u r a b l y  ( i . e .  > 98%)  a c c e p t e d  by the  

k j i l a a t s - T h e s e  r e s u l t s  we r e  f u r t h e r  s u p p o r t e d  by p r e s e n t i n g  t he  same p a n e l i s t s  w i t h  
V c®Pt f ° ° d P r o d u c t s  ( as  i n d i c a t e d  a b o v e )  p r e p a r e d  w i t h  a i r - d r i e d  p l a s m a ,  p r e v i o u s l y  
1t6 af.r a t e d  and d o w a t e r e d  w i t h  u l t r a f i l t r a t i o n  and r e v e r s e  o s m o s i s  me mbr a nes ,  r e s p e c t i v e l y .
) % t a  e p t a n c e  by t he  co ns umer  p a n e l i s t s  was  e q u a l l y  f a v o u r a b l e  ( i . e  > 97% o v e r a l l  
(o f.days n?e ) • The  a i r - d r i e d  p l a s ma  u s e d  i n  t he  l a t t e r  e x p e r i m e n t s  w e r e  a i r - d r i e d  a t  35°C f o r

i n s t e a d  o f  10 d a y s .  I n  a d d i t i o n ,  t he  p l a s ma  p r o d u c e d  u n d e r  t h e s e  m i l d  he a t  
tking ° ns was  more b l a n d  and w i t h  t e x t u r e  and f l a v o u r  q u a l i t i e s  s i m i l a r  t o  t he  f r e e z e - d r i e d  

C(i P l a s ma  ( u n p u b l i s h e d  d a t a ) .  U n f o r t u n a t e l y ,  t he  l a t t e r  was  r e s e a r c h e d  months  b e f o r e  
r r ent  s t u d y  and w a s .  t h e r e f o r e ,  no t  s u b j e c t e d  to  t he  same a n a l y t i c a l  t e s t s .  The
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quality of the dried plasma powder was probably enhanced by reducing the ash content ( i e 
means of the membrane systems).

tHe
The presence of glucose (Table 1) in the different treated plasma samples together wit1’ j,e.... . .. , t - ...--1 ... x u - --- «01plasma proteins justifies further research in an attempt to examine the significance
Maillard reaction (non-enzymatic browning) as a means of contributing undesired ,ias; a u u i u ii v nu u ciuijuiokiw i/ i u ■ ui ug / u u u uibuttu « * “ " “ " » ̂  D --- ---- -
flavours. This reaction occurs when reducing sugars are present with free amino 8
(e.g. lysine). Albumins and globulins could be very sensitive to this reaction (especi ^  
in the presence of heat). In practice, a product can be discoloured as well as de  ̂jji 
acceptable or unacceptable flavours (Fox and Condon, 1981). This area will be addresse
future research programs. The authors intend treating fresh plasma proteins with giuc°:
oxidase prior to spray-drying or ball-drying (a mild drying technique (< 60°C) describ „„d 
Nilsson. 1971), after which the dried product will be chemically, physically
sensorically evaluated. According to the study of Morales et al (1976) on the solub

albumin (BSA) and BSA complexed with D-glucose (i.e. bychanges of native bovine serum albumin (BSA) and BSA complexed with D-glucose (i.e. i cl>e“ , 
Maillard reaction), no dénaturation was observed below 70°C and a maximum of 70X was re
at 100°C. These reseach workers claimed that the 
plasma proteins by protecting them against changes in internal configuration.

ofglucose increased the stability
Further® V

1® Jvisible brown pigmentation was observed after heating BSA and glucose at 55°C for11 U Vibiuie Ul U W ll JJJ 5 ill c 11 L a L 1 U U W a o v u o c i v c u a x k. c l ncai. xn© u u n & * v, ̂ w ̂  » v - - l
These observations suggest that the globulin fraction might be involved with ut!„ups

11 i s a we 11 documented fact that plasma consists of three main g r°“J-5 
fibrinogen (0.2-0.4 g/ 100 c m 3 ), globulin (1.9-2.8 g/100 c m 3 ) and albumin

flavour notes 
proteins:
g/100 c m 3 ). The albumins are water soluble whilst the globulins are salt-soluble
NaC 1 ) . The alpha and beta globulins contain fractions of lipoproteins (Pri®® 
Schweigert. 1971). The involvement of fibrinogen proteins (i.e. with off'f fi®
development) is unlikely, if they are sucessfully removed during centrifugation- tl® 
importance of researching the various plasma fractions further is accentuated j’L n  0
information reviewed by Lawrie (1982). In his review on the isolation and utilize ,{()('

gel* f„i)5food proteins, Lawrie ( 1982 ) summarised the findings of Howell regarding the t
foaming and emulsifying properties of whole blood plasma and the three plasma ft® ■i>- 
prepared 
to a cake-type
which tends to develop during auuiagc m  wnuic uxuuu o W1,ca xcx, xx, x,x. cv* ( ^
three separate plasma fractions. The crux of this study was that intensive inte ¡gsj, L6f 
between the proteins present in the other ingredients and those of the various W r(
fractions, took place. These interactions differed in nature and degree, as r e f 1ecome 
the various organoleptic parameters of this study. It could be speculated that s> 5  L

by means of DEAE-cellulose chromatography. When the different fractions were ,
model system, at different times and heating temperatures, the "fishy tT o> 

storage of whole blood plasma appeared to be absent

these interactions could cause plasma proteins to undergo conformational changes
partial proteolysis. For example, partial proteolysis of casein, soy and gluten is kn°tftl(1et k
yield bitter peptides. The bitternes of these peptides is related to 
hydrophobicity or apolar character (Lawrie, 1982).

t h e i r i»;

1 iP̂og)Lipoproteins consist of triglycerides, free and esterified cholesterol and phospho 
The presence of cholesterol is indicated in Table 1 (refer to the review of Gorbotov^'^o
and Donnelly et

CllUicblcl Ul la illUiLdicu ill lauic x \ i c j. c i i. w ^ ^ ^
al (1978) for additional information on the chemical c o m p o s i t i o n ^

blood and blood plasma of domestic animals) and at different concentrations in ttienSitJ' 
spray-dried and freeze-dried plasma samples. These polar lipids are known to be ar®J.
to oxidation and impart a "warmed-over

Ul P 1 e a . 1 1 1CDC p U 1 a 1 lipiuo a  i xv n w »» n I. V ~ - gj

flavour" (W0F) to food products within 48 h (^ „
Love and Shorland. 1 977 ). The exposure of plasma proteins to heat might induce a ¿t«11 s

_    1 « « J l « v a /4 T 1 n <T n n T K ft i n /I 1 IIO i Atl () 1 ** IWOF-type
chelating

of reaction(s) that may lead to undesired flavours. The inclusion of
prior to air-drying and s p r a y - d r ^agents and anti-oxidants to fresh plasma

currently being investigated as a potential means of eliminating the wild flavour - qU- .in3plasma proteins. In addition, trace amounts of haemoprotein (due to -- p
centrifugation of red cell fraction and its subsequent haemolysis) and lipids in tn s 
fraction could lead to undesired flavours. Intimate contact between the haem p r 0 ■¿¿ty 
the lipids could probably contribute to the development of both oxidative r a n d ° c()r 
discolouration. Hence, the importance of centrifuging whole blood under the g{ 
conditions. Great success in our laboratory has been achieved with the separati0 
red cell fraction by means of inorganic membranes.

CONCLUSIONS

The UV/V1S spectrophotometric and electrophoretic results and the ••ISW®1
chemical/biochemical data in this study showed solubility, chemical and enzymatic a® -frfpisL  U c l l l  i  L  d  1 / U  1 U  L  11 c  111 i  L  a  1 U  d  L a  i l l  U l l b  O t u u j  o  u u  w o u  j u i u u i i i v j  , w  ** *  ^  --- ------- . J A .

molecular differences between freshly drawn, freeze-dried, frozen and two month-ol° I. • ,_____________ T_ XV,« data * 1bovine plasma vs spray-dried and air-dried bovine plasma. In addition, the data ^  
preliminary investigation confirmed that heat (used / gener a t ed duri

influenced (directly or indirectly)'
investigation confirmed 

processing/preservation of liquid plasma) 
and/or promoted the development of the undesired flavour notes in powdered plasma.
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