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SUMMARY: Hemeiron f o r t i f i e d  foods  (7 -42 .5  mg/lOOg) were 
supp l ied  t o  d i f f e r e n t  p o b la t i o n a l  groups (A : "h e a l th y  p e o p le " ,
B:pregnant women, C:women s u f f e r i n g  i r o n  d e f f i c i e n c y  anemia and 
D: burned p a t i e n t s ) .
In  group A, c h i ld r e n ,  women and peop le  o ld e r  than 60 improved i t s  
hemoglobin va lu es  when they  a te  the  f o r t i f i e d  foods .
For groups B and C, the  f o r t i f i e d  foods  could s u c c e s s fu l l y  
s u b s t i tu t e  the  usual, t rea tm ent  ( f e r r o u s  fumarate) w h i l e  in  group 
D p a t i e n t s  who a te  the  f o r t i f i e d  foods  s tayed  s h o r t e r  a t  the 
h o s p i t a l  and needed l e s s  volumes o f  b lood  t r a n s fu s io n .

INTRODUCTION:Blood c e l l s  a re  not on ly  the  most v a lu a b le  source 
o f  heme i ro n  but i t s  p r o t e in  con ten t  i s  g r e a t e r  than those  o f  
meat, l i v e r ,  whole b lood  and plasma ( Wismer-Pedersen, 1988 ) .  
However, i t s  use i s  l im i t e d  mainly because o f  the  changes in  
sensory  a t t r i b u t e s  in  foods in  wich they  are  added ( Fernandez et 
a l ,  1989 ) .
In  s p i t e  o f  the  f a c t  th a t  many foods con ta in  i r o n ,  i r o n  
d e f i c i e n c y  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  world 
(De Meayer, 1985). The poor b i o d i s p o n i b i l i t y  o f  the  i r o n  in 
common foods  l i k e  r i c e ,  wheat, maize and o th e r  v e g e t a b l e  o r i g i n  
foods  can e x p la in  t h i s  f a c t  ( INAGC, 1981 ) .
The aim o f  t h i s  paper i s  t o  e va lu a te  the  in f lu e n c e  o f  us ing  heme 
i ro n  f o r t i f i e d  foods in  the  p r e v en t ion  and t rea tm ent  o f  i ron  
d e f f i c i e n c y  anemia in  some r i s k  human groups -

MATERIALS AND METHODS: Meat and f l o u r  products  w i th  the  f o l l o 
wing com pos i t ion ,  were used: p r o t e in  ( 11 -  19 % ) ,  f a t  ( 1 5 - 2 5  
% ) ,  ash (3 -  5 % ) ,  heme i ro n  ( 7 -  42.5 mg/lOOg ) .
-S tu d ie s  on the  p r e v en t ion  o f  i r o n  d e f f i c i e n c y  anemia.
Vo lun ta ry  p eop le  (male and female )  were c l a s s i f i e d  in  one o f  two 
g rou ps :
Peop le  in  the  c o n t r o l  group kept  i t s  usual d a i l y  food  in ta k e .  The 
second group was supp l ied  w ith  the  f o r t i f i e d  heme foods  f o r  6 
months hav ing  an e x t r a  8 i r o n  mg/day in take .
The b iochem ica l  e v a lu a t i o n  o f  i r o n  s ta tus  was done b e f o r e  and 
a f t e r  o f  the  i r o n  f o r t i f i e d  food  supply.
For fem ale ,  i r o n  s t o r e  ( INACG, 1981 ) and the  in ta k e  o f  meat, 
t o t a l  i r o n  and a s c o rb ic  a c id  in  each meal were c a l c u l a t e  in  orde f  
t o  s t a b l i s h  the  q u a n t i t y  o f  absorbed i r o n  ( Monsen e t  a l ,  1978; 
Monsen, 1982 )
-S tu d ie s  on pregnant women.
Prenant women ( 88 ) were c l a s s i f i e d  in  one o f  two groups:
Women in  c o n t r o l  group ( 47»)  r e c e i v e d  f e r r o u s  fumarate as i ron  
supp lem ent ,wh i le  the  o th e r  ( 41 ) a t e  the  hemeiron f o r t i f i e d  
foods as s o l e l y  i r o n  supplement.
A l l  women were 2 0 - 3 0  yea rs  o ld  and those  women who presen ted  
any f a c t o r  hav ing  p o s s ib l e  in f lu e n c e  on newborn* s w e igh t  o r  i r d 1 
s ta tus  were l e a d  out o f  the  exper iment.
The b iochem ica l  e v a lu a t io n  o f  i r o n  s ta tu s  was done a t  the  moment

796

i



in which pregnancy was s t a b l i s h e d  and in m ed ia t ly  a f t e r  the  c h i l d  
b i r th .  Newborn's  we igh t  was a l s o  measured.
'S tu d ie s  w i th  women s u f f e r i n g  i r o n  d e f f i c i e n c y  anemia.
Iron  d e f f i c i e n c y  was cons idered  when hemoglobin ( Hb ) was l e s s  
than 120 g/L, t r a n s f e r r i n  s a tu ra t io n  ( TS ) was l e s s  than 16 % 
and f r e e  e r y th r o c y t e  p r o to p o r p h i r in  (FEP) was l e s s  60 mg/lOOmL. 
Contro l  group (25) r e c e i v e d  f e r ro u s  fumarate as i r o n  supplement, 
Gaining 100 i r o n  mg/day w h i l e  the  o th e r  ( 32 ) a t e  200g o f  
f o r t i f i e d  food/day, maining 24 -  52.5 i r o n  mg/day.
The b iochem ica l  e v a lu a t io n  o f  i r o n  s ta tu s  was done a t  the  
beg inn ing  o f  the  t rea tm ent  and a t  the  moment in  which Hb reached 
l20g/L and e v e ry  month a f t e r  u n t i l  FEP and TS reached the  normal 
v a lues .  Mean w h i l e ,  Hb was measured e v e ry  o th e r  week.
'S tu d ie s  on burned p a t i e n t s .
p a t i e n ts  ( 123 ) were c l a s s i f i e d  acco rd ing  t o  the  e x t e n t  o f  i t s  
f b j u r i e s  in  3 c l a s s e s :  l e s s  g r a v e , g r a v e  and most g ra v e .  The 
c° n t r o l  group ( 60 ) r e c e i v e d  the  usual d i e t  w h i l e  the  o th e rs  (
63 ) a t e  200g o f  f o r t i f i e d  foods/day. H o s p i t a la r y  s ta y  and 
volumen o f  b lood  t r a n s fu s io n  were c o n t r o l l e d .
'B iochem ica l  e v a lu a t i o n :  Hemoglobin co n c en t ra t io n  was es t im ated  
as cyanomethemoglobin, TS was computed by d i v i d i n g  serum i ro n  by 
t o t a l  F e -b ind ing  c a p a c i t y  (L o i ra ,196 8 )  and FEP was measured 
f l u o r o m e t r i c a l l y  ( P i o m e l l i , 1975).

RESULTS AND DISCUSSION:
"S tu d ies  on the  p r e v en t ion  o f  i r o n  d e f i c i e n c y  anemia.
Biochemical v a lu es  o f  peop le  e a t in g  heme f o r t i f i e d  food  were 
improved ( t a b l e  1 ) ,  main ly  c h i ld r e n  1 - 9  y ea rs  o ld  ( A, B ) ,  
women ( D ) and p eop le  o l d e r  than 60 ( F ) .  Hemoglobin was the  
t r i a b l e  hav ing  the  most important changes.
b iochemica l  va lu es  o f  the  c o n t r o l  group d i d n ' t  change ( t a b l e  1) .  
However, a t r en d  t o  s l i g h t l y  d ec reas in g  in  i r o n  s t o r e s  was 
°bse rved  in  sub-groups C ( 10 — 15 yearfe ) and F ( > 60 yea rs  ) .

Ah important change in  q u an t i t y  and q u a l i t y  o f  absorved i r o n  i s  
^Ue t o  th e  f o r t i f i e d  foods  ( t a b l e  2 ) .  Women in  t h i s  group 
Raised t h e i r  l e v e l s  o f  absobed i r o n  t o  th e  f i g u r e  propossed by 
^Ao/who ( 1988 ) t o  reduce the  r i s k  o f  d e v e lo p in g  i r o n  d e f i c i e n c y  
hernia  f o r  menstruat ing  women.
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Tab le  1 . -  Average  va lu e  o f  b iochem ica l  indexes  a t  the  beg inn ing
(B) and a t  the end (E) o f  the exper iment

Hb (g/L) TS (%) FEP (mg/100mL)

Group Age Number B E B E B E

Tes t 1 - 4 22 117b 123a 18.5b 2 4 .3a 56.9b 52.2a
5 - 9 12 120b 127a 2 3 .9a 24.2a 50.8b 43.8a

10 -  14 10 130a 132a 2 8 . 6a 25.9a 51.9b 36.3a
women 36 122b 128a 2 5 .6a 26.5a 5 5 .0a 5 0 .0a

men 16 149a 152a 34.2a 3 6 .2a 3 4 .2a 38.6a
>60 26 128b 133a 32 .0a 31.9a 4 4 .2a 45.8a

Con tro l 1 - 4 15 115a 116a 22. 1a 22.3a 5 3 .0a 5 2 .5a
5 - 9 14 123a 123a 2 6 . 6a 21.5a 4 3 .4a 40. la

10 -  14 9 123a 120a 2 4 .6a 23.7a 44.4a 68. 8b
women 35 123a 125a 2 5 .5a 25.9a 45.4a 45.2a

men 12 149a 149a 34.1a 36.6a 41.9a 45.7a
>60 22 134a 135a 3 3 •8 â 34.0a 38.7a 4 4 .9a

Means w i th  d i f f e r e n t  l e t t e r  in the  same group and the  same row 
and the  same v a r i a b l e  d i f f e r s  s i g n i f i c a t i v e l y  (p <0 .0 5 ) .

Tab le  2 . -Heme, non heme and t o t a l  i r o n  absorbed (mg) by women, at 
the  beg inn ing  (B) and during the  exper iment (.D) .

I r on  absorbed(mg)
Group heme no heme t o t a l

(B) (D) (B) (D) (B) •(D)
t e s t 0.16 1.60 0.69 0.77 0.85 2.37

c o n t r o l 0.12 0.63 0.75 -

-S tu d ie s  on pregnant women.
Women s u f f e r i n g  i r o n  d e f f i c i e n c y  anemia a t  the  beg inn ing  o f  the 
exper iment ,  p resen ted  a s i g n i f i c a t i v e  r a i s e  in  Hb v a lu e s ,  be ing  
t h i s  change g r e a t e r  in  the  exper im en ta l  group than in  c o n t r o l  
group ( t a b l e  3 ) .  Some p s y c h o lo g i c a l  r e j e c t i o n  t o  f e r r o u s  
fumarate because o f  the  n e g a t i v e  r e a c t i o n s  i t  cou ld  produce 
cou ld  e x p la in  t h i s  f a c t .
A p o s s ib l e  a s s o c ia t i o n  between newborn's w e igh t  and f o r t i f i e d  
food  in take  was suggested  because newborn's  w e igh t  was g rea te r  
( t a b l e  4) f o r  the  exper im enta l  group than f o r  c o n t r o l  group. one 
o f t h e  bab ies  i n t h i s  l a t e r  group w a s c la s s i f e d  as two l i t t l e  
a cco rd ing  t o  the  pregnancy t im e .  As f o r t i f i e d  food  not  on ly  
supply i r o n  but h igh  q u a l i t y  p r o t e in  t o o  as w e l l ,  t h i s  
a s s o c ia t i o n  cou ld  be reasonab le .
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Tab le 3 . -  B iochemica ls  va lu es  obta i f tea  in  pregnant women a t  the  
W i n n i n g  (B) and a t  the  end (E) o f  the  exper iment

Hb(g/L) TS (%) FEP(mg/lOOmL)

Group Number B E B E B E

Fl 28 118a 115a 29.8a 21.5b 58.1a 93.1b
F2 13 104a 112b 15.5a 18.3a 113.0a 9 8 .5a
Cl 34 119a 117a 29.3a 24.2a 58.3a 7 4 .4b
C2 13 103a 106a 16.0a 18.0a 69.4a 87 . lb

Pl and F2 a t e  i r o n  f o r t i f i e d  foods .  Cl  and C2 mean c o n t r o l  
^ mean th a t  Hb was l e s s e r  than 110 g/L a t  t im e B 
7eans in  the  same row and v a r i a b l e  d i f f e r s  s i g n i f i c a t i v e l y  
(P<0.05) * *

^ab le  4 . -Newborn 's  w e igh t  (g )

Group Number Average  w e igh t
F l 28 3447ab
F2 13 3499a
Cl 33 3282c

^  C2 13 3382b

^®^hs in  the  same column w ith  d i f f e r e n t  l e t t e r s  d i f f e r s  
X ^ j i o i f i c a t i v e l y  (p<0.05)

Studies w i th  women s u f f e r i n g  i r o n  d e f f i c i e n c y  anemia.
^m©n in  both groups reached the  r e f e r e n c e  l i m i t s  s t a b l i s h e d  f o r  

j  1 v a r i a b l e s  ( t a b l e  5 ) not  even t rea tm ent  w i th  f e r ro u s  
Umarate was s h o r t e r .  A l l  p eop le  in  the  exper im en ta l  group 
^ported th a t  t y p i c a l  symptons (apathy, i r r i t a b i l i t y ,  impeared 

^ .b®nt iveness  and p i c a )  o f  t h i s  n u t r i t i o n a l  d e f i c i e n c y
*ssapeared between 7 - 1 5  day a f t e r  s t a r t  e a t in g  th e  f o r t i f i e d  

i ° 0cis, as i t  has been r e p o r t e d  f o r  o th e r  t rea tm ents  ( Crosby, 
j ! 76 ) . 40 % o f  peop le  in  t h i s  group was i n t o l e r a n t  t o  in o rga n ic  
y °h ( o r a l  o r  p a r e n t e r a l  w a y ) . They reached normal b iochem ica l  
c h ^ es ea^ in g  the  f o r t i f i e d  foods  a f t e r  had been s u f f e r i n g  
C o n i c a l  i r o n  d e f f i c i e n  anemia during up t o  20 y e a r s .
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Tab le  5 . -  B iochemica ls  va lu es  ob ta ined  in  the  i r o n  d e f i c i e n c y  
t rea tm ent  w i th  i r o n  f o r t i f i e d  foods  ( t e s t )  o r  f e r r o u s  fumarate
( c o n t r o l ) a t  the  beg inn ing  (B) and a t the  end (E)

Group V a r ia b l e

Hb (g/L) TS ( %) FEP (mg/lOOmL)
B E B E B E

T es t 98b 126a 8.7b 21.9a 194.7b 78.7a

Con tro l 94b 125a 7.9b 2 2 .6a 207.7b 6 2 .0a

Means w ith  d i f f e r e n t  l e t t e r s  in  the  same v a r i a b l e  and in  the  same 
row d i f f e r s  s i g n i f i c a t i v e l y  (p<0.05)

-S tu d ie s  on burned p a t i e n t s .
Burned p a t i e n t s  in  c o n t r o l  group s tayed  a t  the  h o s p i t a l  l o n g e r  
(24 days) than p a t i e n t s  e a t in g  the  f o r t i f i e d  food  (18 days ) .
A lso  needs o f  b lood  t ra n s fu s io n  were h ig h e r  f o r  p a t i e n t s  in 
c o n t r o l  group (200 mL) than f o r  the  o th e rs  (130 m L) . For patients 
c l a s s i f i e d  as most g rave  th e re  was not any d i f f e r e n c e  between 
both groups.

CONCLUSIONS: The in take  o f  i r o n  f o r t i f i e d  foods  h e lp s  human 
n u t r i t i o n .  When some d i s o rd e r s  appears in the  i r o n  s ta tu s ,  they  
can be used t o  improved i t ,  be ing  s p e c i a l l y  u s e f u l l  f o r  peop le  
r e j e c t i n g  o th e rs  sources o f  i r o n .
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