
HEME IRON FORTIFIED FOODS PRODUCTION
RAUL DIAZ, SERGIO FERNANDEZ, PEDRO REYES, MARIELA PARDO, MAGALY 
SEVARES, JUAN OCHOA and IRAN PRATTS.
UNIVERSITY o f  HAVANA, HAVANA 10400, CUBA

SUMMARY: Bovine b lood  c e l l s  were used in  food  formulae 
f o r t i f i c a t i o n .  Meat products  formulae c on ta in in g  20-40 % pork 
meat, 6-10 %animal f a t  and 15-60 % b lood  c e l l s ,  b i s c u i t  b lends o 
c o n ta in in g  5 % b lood  c e l l s  and sweets formulae c o n ta in in g  7-30 < 
b lood  c e l l s  were prepared .  Heme i ron  conten t  ranged 2 .5 -42 .5  
mg/100 g.
The f o r t i f i e d  foods  were accepted  as ranked by judges and t h e i r  
s h e l f  l i f e s  were s im i l a r  t o  th a t  o f  the  u n f o r t i f i e d  foods .

INTRODUCTION: I r on  d e f i c i e n c y  anemia i s  the  most common 
n u t r i t i o n a l  d e f i c i e n c y  in  the  wor ld  (Sweeten e t  a l , 1 9 8 6 ) . I r o n  
f o r t i f i c a t i o n  o f  foods i s  a common p r a c t i c e  and in o r g a n ic  i ron  
has been w id e l y  used f o r  t h i s  purpose, hav ing the  foods  between 
and 7 mg Fe/100 g (Lee and G re g e r ,1983).  In  s p i t e  o f  the  f a c t  
th a t  b lood  c e l l s  a re  an e x c e l l e n t  source o f  n u t r i e n t s  s p e c i a l l y  
p r o t e in  andiron, they  a re  s t i l l  g r e a t l y  u n d e r u t i l i z e d  mainly 
because o f  the  p s i c h o l o g i c a l  b a r r i e r s  (W ismer-Pedersen, 1988).
Whole b lood  has been used as source o f  i r o n  in bread 
(Ranken, 1977) , m i lk  and b i s c u i t s  (Morales and Topp, i983 )  and mi* 
and whey (K iran  e t  a l , 1 9 8 6 ) .  The aim o f  t h i s  paper i s  t o  asses 
the  way o f  us ing  bov ine  b lood  c e l l s  in  o rde r  t o  o b ta in  heme i r o n 
f o r t i f i e d  foods ,  hav ing good sensory p r o p e r t i e s  and approp ia te  
s h e l f  l i f e s .

MATERIALS AND METHODS: Bovine b lood  c e l l s  c o n cen tra te  was t 
ob ta ined  from a s laughterhouse in  Havana C ity ,Cuba,  and were keP 
f r o z e n  (-20 °C) u n t i l  i t s  use.
Blood which was used in  meat products  was p r e v i o u s l y  cured by 
adding 2.5 g a s c o rb ic  a c id  p lus 0.5 g sodium n i t r i t e  t o  1 L o f  
b lood  c e l l s  1-3 h b e f o r e  i t s  use. For some products  (morcel laS/  ̂
pudding, c r o q u e t t e ,  b i s c u i t  and s w e t s ) ,b l o o d  c e l l s  were precooK® 
t o  a s o l i d  s t a t e .  P roduct ion  was done us ing the  common t e ch n o l0*̂  
f o r  each one o f  them. Prepared sweets w e re : n apo leons , t a r t s  and 
r o l l s .  T a r t s  and r o l l s  were f i l l e d  w ith  f r u i t  j e l l i e s  and 
napoleons w ith  stawberry  f l a v o u re d  whipped cream. B i s c u i t s  were 
f i l l e d  o r  not w i th  cream
Cold s to ra g e  ( 2 - 4 ’ C) was used when necessary .

-Meat products  e v a lu a t io n :
a) y i e l d :  cook ing  lo s s e s
b) chemical a n a ly s i s :  p r o t e in ,  f a t ,  n i t r i t e ,  m o is ture ,  ash, 

c h l o r i d e ,  pH and i ro n  (heme and t o t a l ) .
c)  m i c r o b i o l o g i c a l  a n a ly s i s :  c o l i f o r m s  ( f a e c a l  and t o t a l ) ,  

coauga lase  p o s i t i v e  s ta p h y lo c o c c i  and t o t a l  counts o f  
m e s o f i l i c  aerobes and f a c u l t a t i v e  anaerobes.

d) sensory  e v a lu a t i o n :  hedonic  responses o f  untra ined  judges 
was measured using the f o l l o w in g  s c a l e :
1-  " I  would never  e a t  i t "
7- " I  woul e v e r  e a t  i t "  ^

e) nutritional evaluation:pump calorimetry, Oser-Mitchell ind



(OMI) and biological value (BV) of protein were determined. 
"Non meat products evaluation:
£) roicrobiological°analysis: coiiforms (faecal and. to ta l, . 

coaugalase positive staphylococci and total counts of 
mesofilic aerobes and facultative anaero • -iudaes

o) sensory evaluation: hedonic responses of untrained judges 
was measured using the following scale.
1-  " I  d i s l i k e  i t  ex t rem ly "
7- " I  l i k e  i t  ex t rem ly "

'^tor-age evaluation: v evaluation were performed
Microbiological analysis and sensory . fined hV a loweringat appropilte time intervals.End point was ^ ^ b y ^ l o w e r a n g
i t  th e  sensory  sco re  g r e a t e r  than on 
sh e l f  l i f e s  v a lu es .

RESULTS AND DISCUSSION:
"Heme iron f o r t i f i e d  meat products  r e ta in e d  in  ourCooking l o s s e s  ( t a b l e  1) were s im i l a r  t o  those  ob ta in ed^ in  our
laboratory for unfortified meat products u | Y s for an
p o k i n g ,  but they  a re  g r e a t e r  than ^ ^ t a b l e  2) showed th a t

S e U~ - - i a l - ? - CeS^ ^ :  S S i S i i  w im b le d  C lose ly  that o f the¿nciustrial processing. Chemical an“^ “ ° vclosely that of the non 
Ijhe composition of the products resembl specially iron
fo r t i fied meat products, only tha  ̂ Pjotein^ thanYothers
( t a b l e  3 ) ,  a re  g r e a t e r .  T h e , x^on^ J  1983^ Morales and Topp,1983) 
P r e v io u s ly  r e p o r t e d  (Lee and Greger ,  1983^ M ^  CQUld fae 
Peing a h i g h l y  b io d is p o s a b le  one. I f  cooKi g
reduced, iron levels would be also sligth y 
content would s t i l l  be considerably high.

cou ld  be 
t o o ,  but i ron
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Tab le  1 . -  Average  cook ing l o s s e s  f o r  f o r t i f i e d  meat products

Product Cooking lo s s e s  (a)

F ran k fu r te r  2 2.7 
M o r ta d e l la  12.8 
Sausage " C o l in a ” 30.5

(a) Mean o f  fou r  r e p l i c a t i o n s

Tab le  2 . -  Average  chemical va lu es  f o r  f o r t i f i e d  meat products .

Product C h lo r id e  M o i s t u r e N i t r i t e  Fat P r o t e in  Ash pH
(%) (%) ppm (%) (%) (%)

F rank fu r te r 2.8 44.2 34.0 22.3 14.0 4.0 5.9
M or ta d e l la 3 .0 48.7 9.2 20.1 14.0 3 . 6 6.4
Sausage 4.4 50.9 32.7 12.3 18.1 5.2 5.6
L i v e r  Product 2.6 48.2 4.4 27.1 17.0 3.4 6.1
Croquette 2.9 45.2 38.1 10.6 11.4 4.2 5.9
M o rce l la  1 1.9 51.6 - 36.5 15.8 6.0 7.0
M o rce l la  2 1.9 53.6 - 13.6 15.3 5.2 7 .0
M o rce l la  3 2.0 43.6 - 36.0 11.0 2.7 7.0

Mean o f  e i g t h  r e p l i c a t i o n s

Tab le  3 . -  I r on  va lu es  f o r  f o r t i f i e d  meat products .

Product
C a lcu la ted  va lu es

Heme Iron  T o ta l  I r on

Measured
Iron

F rank fu r te r 12.5 18.0 —
M or ta d e l la 17.0 23.2 21.6
Sausage 17.0 23.2 21.3
L i v e r  Product 19.0 22.0
Croquette 12.5 13.5 13.6
M o rce l la  1 51.5 61.6
M o rc e l la  2 42.5 56.4 —
M o rc e l la  3 42.5 56.4

Mean o f  e i g t h r e p l i c a t i o n s

M i c r o b i o l o g i c a l  a n a ly s i s  showed the h igh  s a n i t a r y  q u a l i t y  o f  the 
products :  c o a g u la s e - p o s i t i v e  s ta p h y lo c c o c i  and f a e c a l  c o l i f o r m s  
were absent w h i le  counts o f  m e s o f i l i c  aerobes and f a c u l t a t i v e  
anaerobes and c o l i f o r m s  were lower  than 10 4 and 10 c o l/ g  
r e s p e c t i v e l y ,  a t  the  end o f  the  exper iment.
Sensory a n a ly s i s  showed ( t a b l e  4) th a t  a l l  products  were
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f a v o u ra b le l y  ranked by judges and th a t  s h e l f  l i f e s  were a t  l e a s t ,
as l o n g e r  as expec ted .

-able 4 .- Average values f o r  hedonic response o f  f o r t i f i e d  meat
Products

Product Judges

f r a n k fu r t e r  
M or tade l la  
Sausage 
L i v e r  Product  
Croquette  
n o r c e l l a  1 
M° r c e l l a  2 
^ o r c e l l a  3

Time

15 21

N u t r i t i o n a l  e v a lu a t i o n  ( t a b l e  5) showed th a t  the  m®a t
Products r e p re s en ts  an important source o f  energy PP y 9 
uigh q u a l i t y  mix o f  p r o t e in s .

^ubl e  5 . -  N u tr i t i o n a l  indexes f o r  f o r t i f i e d  meat products,

Product OMI BV Energy (R ea l/100 g) (a )

F rank fu r te r  
N o r t a d e l l a  
s&usage 
L i v e r  Product
Croquette 
Norcelia l 
^°rcelia 2 
N°rcelia 3

388.0
371.0
319.0
342.0
300.0
505.0
411.0
479.0

(a ) Mean o f  3 r p p l i c a t i o n s

'^eine i r o n  f o r t i f i e d  non-meat products . •  hl a o o r e c ia t e
Hedonic resnonse ( t a b l e  6) shows th a t  peop le  h i g h l y  a p p r e c ia t e  

\ 7 r e s Ponse Vtauxe „ . . v  the  b lood  co rpu sc les
StaL*lnd °f fo<?ds' 5eiig ;aSi ihi? their i r o n ’s con ten t  ( t a b l e  E d i t i o n .  In  s p i t e  o f  the  f a c t  th a t  the  ^  p roducts ,  the  non

 ̂ l s  low e r  than those  o f  the  f o r t i f i e  i L n r t a n t  source o f
f o r t i f i e d  products  could r ep resen ts  ^ ^ P ^ ^ a r v  w a l i t y

^ h l y  b i o d i s p o s a b le  i r o n .  They showed a 1 moul ds eSd Y
ta p h y io c o c c i  and f e c a l  c o l i f o r m s  were a s  - ^ e s o o h i l i c  aerobes

were lower  than 10 co l/ g  and c ^ n t s ° ? 2m® ^ e i c e p f  Tot 
f a c u l t a t i v e  anaerobes were lower  than 10 2 c o l/ g  excep t  t o r

Pudding ( l o w e r  than 10~3) _hnT.prl th a t  the
uth r e s u l t s ,  m i c r o b i o l o g i c a l  and sen so r ia  , eXDected one fc 

Shel f - l i f e  o f  t h i s  products  i s  s im i l a r  t o  the  expec ted  one f o r
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unriched foods .

Tab le  6 . -  Average  va lu es  f o r  hedonic  responses f o r  the  non-meat 
f o r t i f i e d  foods  (90 untra ined  judges )

Product
Time (days)

1 2 7 15 21 30 45

Pudding 5.90 5.80 5.50 4.96
B is c u i t  ( f i l l e d ) 6.63 6.70 6.42 6.43
B is c u i t 6.30 -  -  - 6.00
Tar t 6.20 6.20 -
Napoleon 6.60 6.50 - _ _ _

R o l l s 6.30 6.50 - - -

Tab le  7 . -  Average  i r o n  va lues f o r  thenon-meat f o r t i f i e d  foods

Product g/Unit mg Fe/Unit mg Fe/100 g

Pudding — _ 34.3
B is c u i t  ( f i l l e d ) - - 4.7

B is c u i t - — 6.5
T a r ts 63 1.60 2.6

Napoleons 44 1.12 2.6
R o l l s 81 1.80 2.3
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