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4c<to n e .^ i!^  haeme and globln have been separated w ith  organic so lvents , the  
recent ly n  devel°P ed by Tybor e t a l .  (1973) being the most famous. More 
••tic hvrt iPper et al* (1981) have described a method based on p a r t ia l  enzy- 
t̂hod bar °  ys1s haemoglobin 1n the acid  pH-range and Sato e t  a l .  (1981) a 

sed on carboxym ethylcellulose (CMC)-column chromatography.

JJonai i
f  Tyboraf4t C*1ardc^e r ^zat10n acetone-treated  globin prepared by the method 
iS^ lfy in  a^‘ ^1973  ̂ has shown I t  to  possess good w ater-b ind ing capacity and 
« « pr°Pe rt1es a t  pH 6 and lower but to lack the g e la tio n  property

that°n1and Torr)berg, 1976). Hayakawa e t a l .  (1982) were the f i r s t  to re - 
t ter bei 9 ' 0bln made by the CMC-column chromatography method forms a firm  gel

1soiatn9 beated in  the very narrow pH-range 5 -6 . Evidently  the methods used' - - - -  - -  . . . . .

*>«

- --»vtu mi ciic vcijr liai i un yn-ianyc j-w . l i ivichi. ij his uiGviiwua u»u
Product°bi° bas 3 s"*9n i^Icant. e f fe c t  on the functional p roperties  o f the

?*c1ty and the present study was to  determine s o lu b il i ty ,  w ater-b ind ing  ca- 
f cMC-r.a s ify in g  and g e la tio n  p roperties  fo r  g lobln préparâtes made by
?ncentratiC^P^®t i ° n method (A utio  e t  a l . ,  1983, A u tio , 1983). The e ffe c t  o f 
^acteri 0n and dfy i n9 on the functional behaviour has been included in  the

The functional p roperties  o f préparâtes are compared w ith a 
made by the method o f Clegg e t  a l .  (1966 ).

.]âug^ n of g loblns: Bovine blood c e l l  concentrate was obtained from a 
j * 1file CoU?VSe in  H e ls in k i, F in land , where the blood was c o lle c ted  under hy- 
^ • t l o n  t1ons and separated In  an A lfa-Laval c e n trifu g a l separator. The 
^ 1° J ° f  haemoglobin in to  haeme and globin fra c tio n s  has been described by 
In! frozen * ^1983) and Autio (1983 ). A fte r  separation the p ro te in  so lu tion
il 1rnati ° r  ^reeze-dr1ed, or concentrated by u l t r a f i l t r a t io n  (Paterson Candy 

s° ) to a dry m atter content o f 10 % and spray -d ried . Globln was

V u-
Pr*Pared by the cold-acetone method as described by Clegg e t  a l .  (1966 ).

^ e l e c t r i c  focusing was performed on 0 .5  mm polyacrylam ide gels ac- 
it°1yte$ 7 Jhe method o f Gorg e t  a l.  (1 9 80 ). About 25 % o f LKB c a r r ie r  am- 
c 15 '~9 and 8 .0 -9 .5  were added to  the g e l. The pH-gradient was measured

^  W1th a microglass e lec tro d e .

^ s u re m en ts  were c a rr ie d  out as described by Lawhon and Cater 
•oiubti'J® e ffe c t  o f pH and NaCl-concentration was studied . Determinations

5p0ni ■y were c a rrie d  out in  dup lica te .

j/Jbfd bySu!!ptake water was measured w ith  the Baumann apparatus as de
f i e d ,  y . Hermansson (1 9 79 ). The in fluence o f pH and Ion ic  s trength was also  
^¡•Per^u At lea s t two dup lica te  experiments were made sim ultanously. The 

l *r ' ° f  the sample was m aintained a t 15 *C by c irc u la t in g  thermostated 
anks were used to co rrec t the evaporation.

Native and CMC-treated globlns formed a firm  gel a t  the concentration o f 3 % a t  
pH-value 5 -6 . The force necessary fo r  penetration o f g lobin gels was g reatest 
fo r  the CMC-treated g lobin th a t had not been d ried . I t  formed a gel a t  1 .5  % 
concentration. At lower p ro te in  concentration the g e la tio n  took place a t 
higher pH-value o f 6 -6 .5 .  The re la tio n s h ip  between force o f penetration  and 
pro te in  concentration is  i l lu s tr a te d  in  F ig . 8 and th a t between force o f 
penetration  and pH in  F ig . 9 . I t  has been reported th a t globin made by the  
method o f Tybor e t  a l . (1973) does not form a gel (Hermansson and Tornberg,
1976). The ge la tio n  property seems to  be a good in d ica to r o f  the denaturatlon  
o f g lobin .

The very good w ater-b ind ing capacity and the em ulsifying and g e la tio n  pro
pe rties  of the present g lobin allowed i t  to be used espe c ia lly  1n semi s o lid  
and s o lid  meat products.
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of°v a c t iv i t y  (EA) and s ta b il i t y  (ES) were determined according to  the  
i i^ n  D_ Yasi*nat$u e t  a l .  (1972 ). Two re p lic a tio n s  were prepared fo r  every 
^  ^  testsr a t * ° n a t  d^ e ren t pH-values and s a lt  concentrations fo r  both the ES

P°r th
>  1nteXture measurements o f g lobin  ge ls , 10 ml o f g lobln so lu tion  was p1p- 
Chi* penettubes an inner d im e te r  o f 25 mm. Total heating time was 30 
•t r'e* A f i at1on measurements were made w ith  the Instron Universal Testing Ma- 
c. •  a t  c1rc u la r punch w ith  a diameter o f 5 mm penetrated the sample gel

^O mm/m1n. Four re p lic a te s  were made. The e f fe c t  o f  p ro te in  con-
and pH on the penetration  was studied.

U ^ n tr a t t re obta1"ed f ° r  both the na tive  and the CMC-treated g lob lns . Further 
^te «I01* of 9lob1n did not change the Ip 's  o f g loblns. I t  seems th a t g lobln  

v stable against acid treatm ent and spray-drying.
. * s

«s a n9 reaction  o f g lobln occurs when haeme Is  removed from the molecules, 
^ in . I * Sul t  the Is o e le c tr ic  po in t o f g lobin 1s higher than th a t o f haemo- 

8.0 *2 the focusing pa tte rn  two main bands, w ith is o e le c tr ic  points o f 7 .7

f u i w « *  curves o f fre e z e -d r ie d , spray-dried  CMC-treated and na tive  globlns  
w l'C o iw 1 ?n ° f  pH are presented 1n F ig . 2. Figure 3 i l lu s tr a te s  the e ffe c t  of 
V | Ve 9 lo M a t* on' globlns showed a minimum s o lu b il i ty  a t  pH 8 .0 . The 
hi oie g ° b' n which had been prepared by the cold-acetone method was more soluble  
c s a w  a1 pH than the CMC-treated g lob lns . This d iffe re n ce  1s due to  the 

r* t i 0n concentrat1on o f globlns made by the CMC-method. Even 1 % NaCl con- 
« t ( p f "  dras t1c a lly  decreases the s o lu b il i ty  o f g lobln near the is o e le c tr ic  

(iQ7,? ) *  The same kind o f  s o lu b il i ty  p r o f i le  has been reported by Tybor 
t^ °d  (t^ 2' and Hermansson and Tornberg (1976) fo r  g lobln made by the acetone- 

° r  ̂ • w ith the exception th a t the s o lu b il i t ie s  were lower near the
1^  tric points.

C ^erttr£~bi nding c ap ac ities  o f globlns as a function o f pH and s a lt  
l a t h e d  n are shown In  F igs . 4 and 5. The spray-dried  g lobln made by the 

CMC t  0SSesses g reater w ater-b ind ing capacity than the na tive  and fre e z e -  
“tre a ted g lob lns . This d iffe re n ce  1s probably due to  the v aria tio n s  1n 

" V C1t l esesu1 tin g  from the d if fe r e n t  drying techniques. The w ater-b ind ing  
f|C °n f 0* are g reates t a t acid  pH-values although very good a lso a t  pH 7. i 

Sal t  tbe 1ow w ater-b ind ing  capacity  o f  fre eze -d rie d  g lobln may also be 
^$*y' dr i e!t0n* en*  in  the dry powder. On the other hand the water absorption of 
V  Autl and nati ve g lobln  was higher 1n NaCl-solutions than in  water a t  pH 

cif)e gi ° . et  a l .  (1984) have reported much lower w ater-b ind ing capac ities  fo r

One
the

9loblne, especially In the presence of salts.

ng a c t iv i ty  and s ta b il i ty  are I l lu s tr a te d  fo r  n a tiv e , fre e ze -d r ie d  
ed 9lob i ns in  Figures 6a , 6b, 7a and 7b as a function  o f pH and s a lt  

f0r ' ° n* The data reveal th a t w ith  no added NaCl, both EA and ES are about 
* 0  910K?a t t ve and fo r  spray-dried  g lob ln , whereas the ES Is  weaker fo r  freeze - 
W|'  hlghJJ!* The study o f em ulsifying p roperties  a t  various pH-values showed 

?t em ulsify ing a c t iv i ty  and s ta b il i t y  1s around pH 4 -5 . At the same 
hi« t«d k obin  « Iso forms a gel a f te r  being heated. In con trast to  the re su lts  
'•O ft^ ls if Jtermansson and Tornberg fo r  acetone-treated  g lobln (Tybor's method), 
% ?l*c tM Ty*n9 p roperties  o f the globlns studied here are q u ite  good even a t  the  

* ' dr1ed po in t* Sai1 decreased the em ulsify ing p roperties  o f native  and 
a CMC-treated g lo b ln , having a much greater e f fe c t  on the form er.

0 1 2
SODIUM CHLORIDE (Z>

F1g. 1 E lectrofocuslng pattern  o f 
na tive  and CMC-treated, 
spray-dried  bovine globlns

F1g. 3 The s o lu b il i ty  o f globlns  
1n water as a function of 
NaCl concentration.

F ig . 2 The s o lu b il i ty  o f globlns as a function o f pH
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PH

F1g. 4 The sw elling  o f globins as a function o f pH F1g. 7b The em ulsify ing s ta b il i t y  o f 
globins as a functions o f 
HaCl-concentration

F ig . 8 Strength o f  globi nJ » -S , (maximal force of P' 
«ration) as a fu" V,

SALT CONCENTRATION (ZJ

F ig . 9 Strength o f g lobln gels as a function o f  pH.

F ig . 5 The sw elling o f globins as a function  o f NaCl- 
concentration

F ig . 6a The em ulsifying a c t iv i ty  o f 
globins as a function  o f pH

F1g. 6b The em ulsify ing s ta b il i t y  of 
globins as a function o f pH

SODIUM CHLORIDE (Z)

F1g. 7a The em ulsify ing a c t iv i ty  o f g lobln as a function  
o f NaCl concentration
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