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Background
P orcin e b lo o d  is an ed ib le  by-p rod u ct gen erated  in a great v o lu m e in industrial abattoirs. T h e  red b lo o d  c e lls  fraction  (R B C ) con stitu tes  

the 40%  o f  p orcin e b lo o d  and m a in ly  con ta in s the h em o g lo b in  (H b). H em o g lo b in  (90%  o f  the R B C  p rotein ) has g o o d  fu n ction a l properties  
(T ybor et al., 1975; R anken , 1980; N ak am ura  et al., 1984; W ism er-P ed ersen , 198 8 ). M oreover, th is fraction  is a lso  an im portant sou rce  o f  iron  
(G orbatov, 1 9 8 8 ) that is better absorb ed  than ferrou s sa lts c o m m o n ly  u sed  in  fo o d  su p p lies. T h ese  factors m ake the R B C  in terestin g  as a fo o d  
ingred ient.

P rev iou s stu d ies d ev e lo p ed  in  ou r laboratory (Toldrä, 2 0 0 2 )  sh o w ed  that raw R B C  from  p orcin e  b lo o d  can  h ave a qu ite  h igh  lev e l o f  
m icro b io lo g ica l con tam in ation  d ep en d in g  on  the b lo o d  co lle c t io n  sy stem . R B C  u sed  in  th is study had m icrob ia l lo a d s around 106 cfu-mL" 
*. Spray dry in g  is  the m o st co m m o n ly  e m p lo y ed  tech n o lo g y  to  preserve the b lo o d  and its fraction s. H ow ever, in  order to  im prove its 
m icro b io lo g ica l qu ality  it is  n ecessa ry  to  find an e ffe c tiv e  m eth od  o f  d econ tam in ation  that, ap p lied  to the R B C  prior to dehydration , can  
m aintain  its nutritional, org a n o lep tic  and  fu n ction a l quality . S in c e  the R B C  and its protein  are h ig h ly  m od ified  or d am aged  b y heat treatm ents, 
the u se  o f  a n on-therm al p reservation  m eth od  as h igh  h yd rostatic pressure (H H P ) treatm ent is required.

In a p rev iou s w ork  (Toldrä et al., 2 0 0 2 ) , taking n o tice  o f  the e ffe c ts  o f  H H P  treatm ent at several pressure, tem perature and tim e con d ition s  
on  the m icro b io lo g ica l qu ality  o f  the R B C , w e  co n c lu d ed  that the m o st adequate p ressurization  co n d itio n s w ere  4 0 0  M P a at 20°C  for  15 m in. 
T h is treatm ent p roduced  a sig n ifica n t im p rovem en t o f  the m icro b io lo g ica l quality , d id  not ad verse ly  a ffec t the co lor, the protein  so lu b ility  w as  
not ser io u sly  a ffec ted , and the R B C  fraction  rem ain ed  fluid  after the treatm ent.

Objectives
T h e o b jec tiv es  o f  th is study w ere  to  eva lu ate  the fun ction al p roperties at acid  (4 .5 )  and neutral (7 ) pH  o f  the p orc in e  red b lo o d  c e lls  fraction  

subm itted  to h igh  h yd rostatic  p ressure treatm ent and su b seq u en t spray-drying.

Methods
A  ran d om ized  co m p le te  b lo ck  d esig n  exp erim en t w ith  rep lications w as ap p lied  on  5 sa m p les o f  R B C  fraction  treated on  d ifferent d ays but 

under the sam e con d itio n s . E ach  sa m p le  w a s d iv id ed  in to  2  a liq u ots o f  about 5 0 0  m L , o n e  w as u sed  as a n on -p ressu rized  con tro l and the other  
w as pressu rized  b efore  spray d rying. S a m p les  w ere  a lw ays p ressu rized  and spray dried  w ith in  2 4  hours o f  the b lo o d  co lle c t io n .

HHP Treatments w ere  p erform ed  on  a batch  iso sta tic  press (A lsto m , N an tes, F rance) at 4 0 0  M P a at 20°C  for 15 m in . A fter  p ressurization , 
non-treated  (con tro l) and p ressu rized  sa m p les w ere  c o o le d  and kept at 5°C  until spray drying.

Spray drying: sa m p les w ere  dehydrated  on  a lab eq u ip m en t B iich i M in i Spray D ryer B - 191 (B ü ch i L ab ortechn ik  A G , F law il, S w itzerlan d ). 
Tem perature in let and ou tle t w ere  140  and 77°C  resp ective ly .

Color parameters C IE  L *a*b *  w ere  d eterm in ed  u sin g  a M in o lta  C R -3 0 0  chrom a m eter w ith  a C R -A 3 3 Í  g la ss  ligh t-p ro jection  tube  
(M in olta  C o . Ltd., O saka, Japan).

Protein Solubility w a s d eterm in ed  b y the m eth od  d escrib ed  b y  M orr et al. (1 9 8 5 ). T h e  so lu b ility  w a s  ca lcu la ted  as the p ercen tage  o f  
so lu b le  protein  con ten t in  the supernatant rela tive  to  the total protein  con ten t in the sam p le.

Foaming capacity and foam stability: 0 .5%  so lu tio n s o f  p ow d ered  R B C  fraction  w ere  w h ip p ed  in a m ix er  at m ax im u m  sp eed  for 10 m in. 
T he fo a m  cap acity  w a s d eterm in ed  as th e  v o lu m e  o f  fo a m  form ed . T h e fo a m  stab ility  w a s d eterm in ed  u sin g  a grav im etr ic  m eth od  ca lcu la tin g  
the fo a m  p ercen tage that rem ain ed  stab le  for 2  hours.

Emulsifying activity: a turbid im etric m eth od  b a sed  on  the tech n iq u e d escrib ed  b y P earce and K in se lla  (1 9 7 8 )  w as u sed . O il-in -w ater  
em u lsio n s w ere  ob ta in ed  b y  p rem ix in g  25%  (v /v )  co m m erc ia l corn  o il w ith  the aq u eou s protein  so lu tion  and h o m o g e n iz ed  at 1 2 ,0 0 0  rpm  for 1 
m in w ith  a k n ife -h o m o g e n iz er  P o ly tron  P T 3 0 0 0  (K in em atica  A G , Littau, S w itzer lan d ). T he absorb an ce o f  the d ilu ted  em u lsio n  w as m easu red  
ut 5 0 0  nm .

Heat-induced gels preparation: so lu tio n s at 17%  dry m atter o f  p ow d ered  R B C  w ere  prepared and pH  adjusted. S o lu tio n s w ere  in troduced  
m to p lastic  b ags and h eated  in  a w ater bath at 80°C  for 3 0  m in , c o o le d  and stored  overn igh t at 5°C .

Texture profile analysis (TPA) tests  w ere  p erform ed  w ith  a TA X T 2  texturom eter (S tab le  M icro sy stem s L td ., Surrey, E n g lan d ) u sin g  a 
flat cy lin d rica l a lu m in u m  prob e o f  5 0 -m m  d iam eter. S a m p les  o f  R B C  g e ls  (2 5  m m  d iam eter and 15 m m  th ick n ess) w ere  co m p ressed  tw ic e  until 
a 30%  o f  in itia l h e igh t at a co m p ress io n  rate o f  1 m m /s.

Water holding capacity (WHC) o f  R B C  g e ls  w a s d eterm in ed  b y a m eth od  co m b in in g  cen tr ifu gation  and filtration  as d escr ib ed  b y  Pares 
et al. (1 9 9 8 ). W H C  w a s ex p ressed  as the p ercen tage (w /w )  o f  w ater rem ain ing  in the g e l after centrifu gation .

Results and discussion

Color C IE  L *a*b *

T he ap p lica tion  o f  the H H P  treatm ent w as n o t fou n d  to  have sign ifican t in flu en ce  on  the co lo r  param eters o f  the spray dried R B C  sa m p les  
0 .0 5 )  a lthou gh  p ressu rized  R B C  had C IE  L *a*b *  co lo r  va lu es s lig h tly  h igh er than p ow d er from  untreated R B C . T h erefore , the ox id a tiv e  

ect o n  h em in ic  iron in d u ced  b y spray d ry in g  w a s dom in an t, and p ressu rized  sa m p les w ere  as m uch  su scep tib le  as control sa m p les to  the 
°x id a tio n  o f  the h em  group  p rod u ced  b y the dehydration .
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P rotein  so lu b ility

H igh  hydrostatic pressure and pH  had sign ifican t e ffe c ts  (P < 0 .0 5 )  on  the protein  so lu b ility  o f  spray dried R B C  fraction . T h e  so lu b ility  at 
neutral p H  (7 ) w a s le s ser  than at ac id  pH  (4 .5 )  in both  untreated  and p ressu rized  R B C  sa m p les. T he ap p lication  o f  the H H P  treatm ent led  to  
red u ced  so lu b ility  in spray dried  R B C . A lth o u g h  the d ecrease  in  so lu b ility  at neutral pH  w a s h igh er in p ressu rized  and su b seq u en t spray dried  
R B C , there w as not foun d  a sig n ifica n t in teraction  b etw een  treatm ent and pH . P ressu rization  in creased  the su scep tib ility  o f  H b  to  the denaturant 
e ffe c ts  o f  d eh ydration , e s p e c ia lly  at pH  7  (pi), s in c e  after b oth  p ro cesses , a d ecrease  in protein  so lu b ility  at neutral pH  w as ob served .

F oam in g  and em u ls ify in g  p roperties

R egard in g to fo a m in g  prop erties o f  R B C , the v o lu m e o f  fo a m  form ed  from  p ow d ered  R B C  so lu tio n s w a s sig n ifica n tly  a ffec ted  (P < 0 .0 5 )  
b y H H P  and pH . T he denaturant e ffe c t  o f  H H P  treatm ent o n  the H b led  to  a low er  fo a m in g  cap acity  o f  R B C  p ow d er  at neutral and acid  pH  
(P < 0 .0 5 ) . T h e fo a m in g  cap acity  w a s h igh er at neutral pH  due to  the fact that the fo a m in g  p roperties o f  p rotein s u sed  to  b e m ax im u m  at pH  
valu es c lo s e  to  their p /. O n  the o ther hand, pressu rization  d id n ot a ffec t the fo a m  stab ility  o f  spray dried R B C  so lu tio n s. N e ith er  a n ega tive  e ffec t  
o f  the ap p lication  o f  the H H P  on  the em u ls ify in g  a ctiv ity  o f  H b  w a s ob served . T he m ax im u m  em u ls ify in g  a ctiv ity  o f  H b  w a s reach ed  w ith  a 
1.5%  o f  dried  R B C  at pH  7  and 1% at pH  4 .5 .

Texture and w ater h o ld in g  ca p a city  o f  h ea t-in d u ced  g e ls

TP A  param eters revea led  th e  rh eo lo g ica l characteristics o f  tw o  k in ds o f  h ea t-in d u ced  g e ls  ob ta in ed  from  p ow d ered  R B C  so lu tion s  
d ep en d in g  on  the pH  con d ition . A t neutral pH , com p act, firm  and co n sisten t g e ls  w ere  form ed , w h ereas at acid  pH , the p astes w ere  very  v isco u s , 
co h es iv e , not m uch  co n sisten t, le s s  hard, m ore e la s tic  and m ore ad h esiv e  than the pH  7  o n es . O n the o ther hand, ac id  p astes had h igh er  w ater  
h o ld in g  cap acity  than th o se  o f  pH  7  g e ls , in  w h ich , the w ater w a s reta ined  b y  cap illarity  in  the interior o f  the protein  n etw ork  pores. T h e  texture  
and the w ater h o ld in g  ca p a city  o f  h ea t-in d u ced  g e ls  from  R B C  so lu tio n s w ere  not a ffec ted  b y the ap p lication  o f  the H H P  treatm ent (P > 0 .0 5 ) .

Conclusions
T he pressure treatm ent in creased  the su scep tib ility  o f  h em o g lo b in  w ith  resp ect to  the denaturant e ffe c ts  o f  spray dry in g  sin ce  a d ecrease  

in  protein  so lu b ility  and fo a m in g  ca p a city  w a s ob served . H ow ever, H H P  d id  not h ave an y  n egative  e ffe c ts  o n  the fo a m  stab ility  and the  
em u lsify in g  activ ity  o f  red b lo o d  c e lls  fraction . N e ith er  texture nor w ater h o ld in g  cap acity  o f  h ea t-in d u ced  g e ls  w ere  a ffec ted  b y  pressure  
treatm ent. A t neutral p H , hard and co n sis te n t g e ls  w ere  form ed , in  w h ich  the w ater w as retained  b y cap illarity , w h ereas at ac id  p H , the p astes  
w ere  softer, m ore a d h esive  and e la s tic , and w ith  h igh er w ater h o ld in g  cap acity  than th ose  o f  pH  7  g e ls .
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