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Forma físico-química do nutrimento 
Promotores de absorção 
Inibidores de absorção 
Interacções entre nutrimentos e  
 com componentes alimentares 

Acidez gástrica 
Secreções intestinais 
Motilidade intestinal 
Estado redox intestinal 
Estado nutricional 
Mucosa intestinal 
Exigências anabólicas 
Efeitos endócrinos 
Inflamação e stress 
Genética 
Flora intestinal 

Utilização metabólica de nutrimentos 



Iron 
Functions 

ü  Iron oxidation states in biological systems 
•  Primarily ferrous (+2), ferric (+3), and ferryl (+4) 
•  Interconversion by  

•  Electron transfer  
•  Bind ligands (oxygen, nitrogen, and sulfur atoms)  

ü  Iron-containing proteins  
•  Heme proteins (hemoglobin, myoglobin, cytochromes)  
•  Sulfur enzymes (flavoproteins, heme- flavoproteins)  
•  Storage and transport (transferrin, lactoferrin, ferritin, 

hemosiderin) 
•  Iron-containing or activated enzymes (sulfur, nonheme enzymes) 



Effects of inadequate intake  

ü  Impaired physical work performance 
•  Reduces performance during brief but intense exercise  
•  Endurance exercise is more markedly impaired by 

intracellular iron deficiency in skeletal muscle cells  
ü  Cognitive development and intellectual performance  

•  Lower mental and motor test scores and behavioral 
alterations in infants  

ü  Adverse pregnancy outcomes  
•  Increased perinatal maternal mortality 



Kramer, 2013; Uauy et al., 2013 

Birthweight 



Lower birthweight and later life 
ü  Reduced ‘human capital’ 

•  Shorter stature 
•  Lower lean body mass 
•  Poorer cognition, educational achievement, work capacity, income and 

reproductive performance 

ü  Increased risk factors for later disease 
•  Higher blood pressure  
•  Central adiposity  
•  Insulin resistance  
•  Stress responses 
•  Reduced glucose tolerance, lung function, glomerular filtration rate and 

immune function 

ü  Increased clinical disease (type 2 diabetes, CHD, chronic renal 
disease and chronic lung disease) and increased all-cause and 
cardiovascular mortality Fall CHD, 2013 



Nutritional interventions during pregnancy 
Authors Location Mothers Effect  

BW 
N Intervention 

Stein et al. Guatemala High-energy-protein drink 
Control: low energy drink 

No 257-3
32 

Age: 32(4) 
↓Tg ↑C-HDL 

Hawkesworth et 
al. 

Gambia High-energy biscuit*.  
Control: * for 20 weeks after 
delivery 

Yes +136 g 1317 Age: 14(2) 
↓ glicemia 

Kinra et al. India Corn-soya flour/soybean oil + 
health education* + anemia 
control*. Control:* 

Yes +61 g 1165 Age: 16(1) 
↓ HOMA,↓LBM 
↑ Height 

Vaidya et al. Nepal MMN. Control: FA+Fe Yes +77 g 917 Age: 2.5 
Heavier; Larger 
head; ↓SBP 

Stewart et al. Nepal Vit A plus: 1) FA; 2) FA+Fe; 
3) FA+Fe+Zn; 4) MMN. Control: 
Vit A 

Yes 2) +37 g 
4) +64 g  

3524 Age: 6.2-8.5 
↓ Tg in 3) 
↓ MetSy in 1) 
↑ Height in 3) 

Iannotti et al. Peru Fe + FA + Zn. Control: Fe + FA No 546 Age: 1 
Heavier;  

Persson et al. Bangladesh Fe (30 mg) + FA; Fe (60 mg) + FA; 
MMN. Control: “Early” food sup 
(600 kcal) from 9 w gest OR 
“usual”  food sup. 14 w (delivery) 

No 3000 Age: 5 
Early: ↓stunting; 
MMN: ↑stunting, 
↓IGF-1/insulin  Adapted from Fall, 2013 
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were from Asia  [12–20] , six from sub-Saharan Africa  [21–26] , one from Europe 
 [27] , and one from Central America  [28] . Only one trial was conducted among 
HIV-positive pregnant women in Tanzania in which women were assigned to 
one of 4 groups, namely MM with or without vitamin A, vitamin A only and 
placebo; all women received IFA  [21, 22] . Supplementation began in the first or 
second trimester of pregnancy for most studies with a few that began only in the 
third trimester and sample sizes ranged from 100 in the study in France  [27]  to 
31,290 in Indonesia  [18] . The MM group received supplements containing 5 or 

Table 1.  Characteristics of included trials in the meta-analyses of MM supplementation during pregnancy

Country Year Sample
size

Intervention Control  Outcome(s) reported

LBW SGA GA PTB SB ND MA

Tanzania [25] 1998 1,075 MM ± vit. A1 placebo1 
vit. A1

ض ض ض ض

Nepal [17, 18] 2003 4,926 MM1 vit. A only; 
vit. A+ IFA1,
vit. A + Zn + IFA1

ض ض ض ض ض ض

Mexico [32] 2003 873 MM1 Fe only1 ض ض ض

Zimbabwe [27] 2004 1,669 MM1 placebo1 ض ض

France [31] 2004 100 MM placebo ض

Guinea-Bissau [28] 2005 2,100 MM2 IFA1 ض ض ض

Nepal [21] 2005 1,200 MM2 IFA1 ض ض ض ض ض

India [20] 2007 200 MM1 calcium1 ض ض ض

Niger [29] 2007 2,550 MM2 IFA1 ض

Tanzania [26]4 2007 1,078 MM ± vit. A1 placebo1

vit. A1 
ض ض ض

Burkina-Faso [30] 2008 1,426 MM2 IFA1 ض ض ض ض ض ض ض

Indonesia [22] 2008 31,290 MM2 IFA2 ض ض

China [24] 2008 5,828 MM2 IFA1 ض ض ض ض ض ض ض

Pakistan [16] 2009 2,378 MM2 IFA1 ض ض ض ض ض

Indonesia [23] 2009 843 MM2 IFA1 ض ض ض

Bangladesh [19] 2010 4,436 MM2 IFA1,2 ض

 GA = Gestational age; SB = stillbirth; ND = neonatal death; MA = maternal anemia during third trimester.
All studies that reported LBW also reported mean birthweight except the earlier trial from Tanzania. All studies 
that reported MA also reported mean hemoglobin except the one from Burkina-Faso.  
1 Received supplements containing at least 60 mg iron. 
2 Supplements contained 30 mg iron. Ramakrisshnan et al. 2013 
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more micronutrients including iron, and the control group received  ˯  3 micro-
nutrients that typically included iron alone or iron plus folic acid (IFA). The 
amount of iron in the MM supplement was 30 mg for 9 trials, many of which 
were the UNIMMAP formulation containing 1–2 RDA of several micronutri-
ents  [2] , while others provided supplements containing at least 60 mg iron to 
both intervention and control groups. 

 The overall pooled estimates and results for stratified analysis by the amount 
of iron for the key outcomes of interest are shown in  tables 2 and 3, respectively . 
The impact on mean birthweight was reported for 14 trials that compared MM 
supplementation with iron alone or IFA supplementation  [12, 13, 15–17, 19, 20, 
22–28] . The effects on birthweight ranged from 4 g in Mexico  [28]  to 251 g in 
France  [27] , and the pooled analysis showed an overall increase of 55 g in the 
mean birthweight of the offspring of women who received prenatal MM supple-
ments compared to iron or IFA (WMD: 54.5 g; 95% CI: 45.4–63.5 g). Few stud-
ies reported other measures of birth size such as birth length. The pooled analy-
sis also showed a 14 and 16% reduction in the risk of LBW and SGA (p < 0.05 
for both outcomes), respectively. The reduction in the risk of delivering LBW 
infants was greater in the subgroup of six trials  [13, 14, 16, 21–23, 28]  that com-
pared MM supplements containing  ˰  60 mg iron with the control group receiv-
ing  ˰  60 mg iron with or without folic acid, but was not significantly different 
from the subgroup of eight trials  [12, 15, 17, 19, 20, 24–26]  that compared MM 
supplements containing 30 mg with the control group who received  ˰  60 mg 

Table 2.  Summary estimates of effects of MM supplements during pregnancy

Outcome Studies  Sample size Effect size
(95% CI)MM control

LBW 15 1,387/12,190 1,576/12,065 0.86 (0.81–0.92)
Birthweight, g 14 11,676 11,575 54.5 (45.43–63.48)1

SGA 8 1,340/7,920 1,519/7,877 0.83 (0.73–0.95)1

Gestational age, weeks 10 9,200 9,273 0.07 (0.00–0.14)
Preterm birth 9 4,973/23,139 4,903/22,770 0.99 (0.96–1.03)
Stillbirths 10 670/24,517 690/24,233 1.00 (0.84–1.21)1

Neonatal death 9 599/23,190 607/22,553 1.07 (0.87–1.32)1

Maternal anemia2 7 654/1,873 645/1,820 1.03 (0.94–1.12)
Hemoglobin, g/dl2 5 1,546 1,594 0.01 (–0.08–0.06)

 Effect sizes were estimated by RR for all outcomes except birthweight, gestational age, and hemoglo-
bin, which were estimated by weighted mean difference. Sample sizes are presented as number of 
events/total for categorical variables and total for continuous variables. 
1 Third trimester. 
2 Using random effects models.

Ramakrisshnan et al. 2013 

Effects of MM supplements during pregnancy  
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iron with or without folic acid ( table 3 ). There were also no differences in the 
estimates by amount of iron for SGA and by timing of initiation for LBW, SGA 
and mean birthweight.

  Gestational age was reported in 10 trials  [12, 16, 17, 19, 20, 22, 23, 26–28] , 
and we found a borderline significant effect of increased gestational age for 
MM compared to those given iron or IFA (WMD = 0.07 weeks; 95% CI: 0.00–
0.14 weeks). There were no differences by the amount of iron or timing of in-
tervention. The pooled analysis revealed no significant differences in the over-
all risk of PTB, maternal anemia, stillbirth and neonatal death. Stratified anal-
ysis did not reveal any differences for these outcomes as well. We found no 
evidence of publication bias except for the studies of effect of MM on birth-
weight based on visual examination of funnel plots and by Egger’s weighted 
regression and Begg’s rank correlation methods.

  Discussion 

 Supplementation of women during pregnancy with five or more micronutrients 
significantly reduced the risk of delivering LBW and/or SGA infants when com-
pared to supplementation with three or fewer micronutrients including IFA. 
The birthweight of infants whose mothers were given MM was on average 55 g 
greater than the controls who received IFA with borderline increases in mean 
gestational age. There were no significant differences in the risk of PTB, still-

Table 3.  Estimates of the effects of prenatal MM supplementation stratified by the amount 
of iron in the MM supplements

Outcome MM containing 30 mg Fe  MM containing 60 mg Fe

studies effect size (95% CI) studies effect size (95% CI)

LBW 8 0.87 (0.80–0.96) 6 0.78 (0.63–0.97)1

Birthweight, g 8 58.36 (43.1–73.6)1 5 44.12 (13.4–74.8)1

SGA 2 0.90 (0.80–1.00) 6 0.78 (0.63–0.96)1

Gestational age, weeks 5 0.07 (–0.01–0.16) 4 0.12 (0.01–0.23)
Preterm birth 3 1.01 (0.84–1.21) 5 0.97 (0.90–1.05)
Stillbirths 6 1.13 (0.93–1.38) 3 0.92 (0.60–1.41)1

Neonatal death 6 1.24 (0.96–1.60) 2 1.08 (0.61–1.90)1

 Effect sizes were estimated by RR for all outcomes except birthweight and gestational 
age, which were estimated by weighted mean difference. 
1 Using random effects models.

Ramakrisshnan et al. 2013 

Effects of prenatal MM supplementation stratified by 
the amount of iron in the MM supplements  
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FERRO 
ü  Não-heme 
ü  Heme 
ü  Biodisponibilidade 

•  Fitatos     
•  Polifenóis 
• Cálcio  
•  Proteínas 

 
 
 
 

• Contaminação 



www.healthgrain.org 







FERRO 
ü  Não-heme 
ü  Heme 
ü  Biodisponibilidade 

•  Fitatos     
•  Polifenóis 
• Cálcio  
•  Proteínas 

 
 
 
 

• Contaminação 

Coffee, black tea, herb teas  
Vegetables, legumes, fruits, cereals 
Herbs such as oregano, chili 
Red wine 
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FERRO 
ü  Não-heme 
ü  Heme 
ü  Biodisponibilidade 

•  Fitatos     
•  Polifenóis 
• Cálcio  
•  Proteínas 

• Vegetais (soja) 

 
 
 
 

• Contaminação 
•  Fortificação 
•  Ác. ascórbico 

• Poder redutor 
• Compl. Solúveis 

•  Tec. animais 
 



Increased iron content of some Chinese foods due to 
cooking in steel woks 

Zhou et al. J Am Diet Assoc 1994;94:1153-6 
 Ferro (mg/100 g)

Crú Vidro Ferro

Môlho
Carne de vaca
Cenouras
Tofu
Couve chinesa
Peito de galinha
Carne de porco
Arroz

0.12
1.14
0.43
0.42
0.26
0.40
0.88
0.13

0.16
1.30
0.42
0.52
0.23
0.46
0.97
0.16

7.10
4.60
3.53
3.13
1.10
0.82
1.27
0.39



 Fe 
 (%) 

Biodisponibilidade 
(estudos no homem) 

Custo  
relativo 

Sulfato ferroso  
Gluconato ferroso 
Lactato ferroso 
 
Fumarato ferroso 
Sucinato ferroso 
Sacarato férrico 
 
Ortofosfato férrico 
Pirofosfato férrico 
Ferro elementar 
    
NaFe EDTA 
Hemoglobina 

20 
12 
19 
 

33 
35 
10 
 

28 
25 

97-98 
 

14 
0.34 

100 
89 

106 
 

100 
92 
74 
 

25-32 
21-74 
5-148 

 
28-416 

100-700 

1.0 
5.1 
4.1 

 
1.3 
4.1 
5.2 

 
4.1 
2.3 

0.2-1.0 
 

6.0 
- 

 

 

Adaptado de Hurrell 1997 



FERRO 
ü  Não-heme 
ü  Heme 
ü  Biodisponibilidade 

•  Fitatos     
•  Polifenóis 
• Cálcio  
•  Proteínas 

 
 
 
 

• Contaminação 
•  Fortificação 
•  Ác. ascórbico 

•  Poder redutor 
•  Compl. Solúveis 
•  Libertação inibidores 

(fitato, taninos) 
•  25 mg, 2x 
•  50 mg, 3-6x 



AH2            AH- + H+ 
 

 AH- + O2
-. + H+           A-. + H2O2 

 
 H2O2 + Mn            Mn+1 + OH. + OH- 

 
 

 AH- + Mn+1 + O2            A
-. + Mn + HO2

. 
 

 HO2
. + RH            H2O2 + R. 

 
 H2O2 + Mn            Mn+1 + OH. + OH- 

ASCORBATO 
ACÇÃO PRÓ-OXIDATIVA 



 
Vi

ta
m

in
a 

C
 

Com 
 Ferro + = ? 



FERRO 
ü  Não-heme 
ü  Heme 
ü  Biodisponibilidade 

•  Fitatos     
•  Polifenóis 
• Cálcio  
•  Proteínas 

 
 
 
 

• Contaminação 
•  Fortificação 
•  Ác. Ascórbico 
•  Tec. Animais 

• Carne, peixe, aves 
• 30 g ≈ 25 mg ác. asc. 



Unresolved iron bioavailability issues 

ü  Vitamin A can affect iron metabolism 
•  Erythropoiesis and release of iron from ferritin stores  
•  Vitamin A and b-carotene enhance iron absorption?  
•  Different findings may be related to the vitamin A status of 

the subjects? 
ü  Nondigestible carbohydrates  



Lower pH, formation of soluble iron complexes, reduction of ferric to ferrous iron by gut microflora, a 
 proliferation of the absorptive area in the colon, and an increase in iron-absorption proteins  

www.healthgrain.org 



Algorithms for estimating dietary iron 
bioavailability  

ü  Iron absorption algorithm  
•  Phytate 
•  Polyphenols 
•  Ascorbic acid 
•  Calcium 
•  Eggs, meat, seafood, soy protein, and alcohol 
•  No physiological benefit to maintain more than a minimal 

iron store  
ü  Dietary iron bioavailability  



Three levels of iron bioavailability for EAR 
 FAO/WHO  

ü Typical diversified U.S. and Canadian diets  
•  Generous quantities of flesh foods and ascorbic acid: 15% 

bioavailable 

ü Constrained vegetarian diets 
•  Mainly of cereals and vegetable foods with only small 

quantities of meat, fish, and ascorbic acid: 10% bioavailable 

ü Very restricted vegetarian diets 
•  5% bioavailable  

ü For individuals who were not anemic, but had no 
storage iron (serum ferritin of 15 µg/L) 



Estimation of the average requirement of 
iron  

Overall iron absorption =  
(Fraction of nonheme iron [0.9] × proportion of 

nonheme iron absorption [0.168]) +  
(Fraction of heme iron [0.1] × 

proportion of heme iron absorption [0.25]) × 100 = 
17.6%  

 



The major components of iron need for 
young children are:  

ü  Basal iron losses 
ü  Increase in hemoglobin mass 
ü  Increase in tissue (nonstorage) 
ü  Increase in storage iron 





Principais modificações 

ü  Gordura corporal 
ü  Esqueleto 
ü  Estrutura e capacidade musculares 
ü  Gónadas e caracteres sexuais secundários 
ü  Funções respiratória e cardíaca 
ü  Peso e altura 



Necessidades nutricionais 

ü  Tempos diferentes de crescimento pubertário 
ü  Diferenças qualitativas e quantitativas de 

composição corporal 
ü  Diferenças de atividade física 





The major components of iron need for 
adolescents are:  

ü  Basal iron losses 
ü  Increase in hemoglobin mass 
ü  Increase in tissue (nonstorage) 
ü  Menstrual iron losses in girls 



Iron requirements 9 through 18 years 



 
Aumento do conteúdo  

corporal mineral (mg/dia) 

 Rapaz Rapariga Rapaz Rapariga 

Fe 
Zn 
Mg 
Ca 

0.57 
0.27 
4.4 
210 

0.23 
0.18 
2.3 
110 

1.1 
0.50 
8.4 
400 

0.9 
0.31 
5.0 
200 

   

 

10 aos 20 anos Pico de crescim. 

Forbes, 1981 



Rapazes Raparigas 
RDA/AI 9-13 14-18 9-13 14-18 
Ferro (mg) 8 11 8 15 
Folato (µg) 300 400 300 400 
Vit. B12 (µg) 1,8 2,4 1,8 2,4 
Magnésio (mg) 240 410 240 360 
Cálcio (mg) 1300 1300 1300 1300 
Vit. B1 (mg) 0,9 1,2 0,9 1,0 
Vit. B2 (mg) 0,9 1,3 0,9 1,0 
Vit. PP (mg) 12 16 12 14 
Vit. B6 (µg) 1,0 1,3 1,0 1,2 
Fósforo (mg) 1250 1250 1250 1250 
Vit. C (mg) 45 75 45 65 
Vit. A (µg) 600 900 600 700 

FNB, 2010 



Ferro (mg/100 g) 
ü  Enchidos de sangue, 

fígados, moluscos de 
concha, 6-15 mg 

ü  Carnes, aves, caça, 
ovo, enguia, sardinha, 
enchidos de carne, 
leites especiais, 2-5mg 

ü  Leguminosas secas, 
cacau, chocolate, 
5-8mg 

ü  Flocos de aveia, milho, 
couve galega, 
lombarda, repolho, 
espinafre; figos e 
outras frutas passas, 
amêndoa e sementes, 
3-5 mg 

ü  Pães integrais, broa de 
Avintes, 2-3 mg 



Alimentos de maior aversão 

ü  “Peixe”, Bacalhau, Sardinha, Carapau 
ü  Fígado, Carne de porco 
ü  Batata cozida, Massa, Arroz 
ü  “Sopa”, Legumes, Leguminosas 
 
 



Alimentos preferidos em adolescentes 

ü  Fruta, Sumos 
ü  Leite, Iogurte 
ü  Frango 
ü  “Carne”; Bife com batata-frita e ovo 
ü  “Marisco” 
ü  Batatas-fritas 
ü  Bolos 
ü  Gelados 
ü  Choocolate 







Conclusions 

ü  Iron bioavailability  
•  Industrialized countries would appear to range from 14% 

to 18% for subjects with no iron stores 
•  Vegetarian diets appear to range from 5% to 12% 

ü  A high intake of fortification iron  
•  Dietary bioavailability (low-bioavailability elemental iron 

powders?) 
ü  Some unresolved iron bioavailability issues 
ü  Inflammation? Obesity? Fortified foods? 
ü  Iron status intake is needed 


