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Abstract 

Iron bioavailability from weaning foods prepared from 70:30 combination of 
germinated rice:mungbean (GRM); germinated rice: cowpea (GRC) and 
germinated corn.mungbean (GCM) was determined by radioisotopic 
measurements of iron absorption in human subjects. The gruels were prepared 
as plain with sugar and flavoring labeled by the extrinsic tag method, and 
served as hot porridge. It was estimated that iron-deficient infants would 
absorb 3.5% from GRM, 4.9% from GRC and 5.6% from GCM. Differences 
between absorption among the weaning foods were not statistically significant. 
Planning of diets for these age group should include other souces of iron 
especially heme. Zinc absorption from the weaning food formulations will be 
studied by the in vitro and in vivo methods. For the in vivo method on human 
subjects, the absorption of zinc will be determined from the measurement of 
the whole body retention of the isotope 14 days after intake of the labeled 
meal. Serum zinc level will be determined to assess the zinc status of the 
subjects. 

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Iron deficiency anemia is a public health problem in the Philippines. The prt.alence 
of anemia was still high in 6 mo to < 1 y infant (70.4%), children (38.7 to 41.2%), the 
elderly (46.9%), pregnant women (45.2%) and lactating mothers (50.6%) [1]. This 
finding could be due to inadequate intakes of available iron since the iron intake of infants 
and children 6 mo to 6 y was 87.1 % of the recommended dietary allowance (RDA) while 
those of pregnant and lactating women met only 61.9 and 55.4% of the RDA, 
respectively. Data on food sources showed that cereals and cereal products were the 
main contributor of iron, supplying 42.1 % of total iron intake, ,/vhile fish, meat and poultry 
contributed only 25.9% [21. Non-heme iron absorption from adequate Filipino meals 
showed 6.4% absorption [31. Among children 6 mo to 6 y, the prevalence of iron 
deficient erythropoiesis was 39.4% based on EP/dL blood and 37.6% based on EP/Hb 
ratio. Anemia was present in 40.7% of the subjects based on Hb level < 11g/dL Iron 
intake met only 41.2 to 73.5% of RDA [41. In pregnant women, the prevalence of iron 
deficiency anemia based on Hb < 11g/dL and abnormal vaiues for EP/PF was 14.6% [51. 

In the Philippines, weaning foods prepared at home usually consist of bulky, 
mono-cereal foods which are inadequate in energy and nutrient content. Recently, 
weaning food formulations were prepared by the Nutritional Food Product Section, FNRI 
from 70:30 combination of germinated cereals and legumes to meet tl.e energy and protein 
needs of Filipino infants and children [6]. Benefits of this technology provided included: 
reduced dietary bulk [61, improved protein quality and micronutrient composition [71, better 
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carbohydrate digestibility due to production of malto-oligosaccharides during germination 
and gruel preparation [8] and reduction or elimination of anti-nutritional factors (91. 
Germination, drying, dehusking, roasting and cooking significantly (P<.05) reduced 
anti-nutritional factors in the materials. Phytates and tannins in cooked gruel ultimately 
were too small to be of nutritional significance. All four formulations were well-tolerated 
by infants who showed no signs of stomach disorders, vomiting, rashes or fever 
throughout the 10-day feeding test [91. There is a need, however, to conduct iron and 
zinc absorption studies from weaning foods prepared from these germinated cereals and 
legumes to support the findings of increased micronutrient composition and decreased 
anti-nutritional factors based on chemical analysis. This study aims to measure the iron 
and zinc absorption from weaning foods prepared from germinated rice:mungbean, 
germinated rice.cowpea and germinated corn:mungbean as an answer to the need for 
research relating to the development and application of local intervention programs such 
as modification of local foods to improve iron absorption [101. 

2. EXPERIMENTAL METHOD 

2 .1 . Phase I: Preparation of Weaning Foods 

2.1.1. Preparation of test meals 

Figure 1 shows the flow-sheet for the preparation of flour from germinated cereals 
and legumes. The weaning food formulations were prepared from 70:30 combinations of 
germinated rice:mungbean (GRM), germinated ricexowpea (GRC) and germinated 
corn:mungbean (GCM). The gruel was prepared as plain with sugar and flavoring like 
Pandan leaf (Pandanus Copelandii Merr.) cooked at 95°C for 15 min and served as hot 
porridge. Table I shows the standardized formulation of gruels from flours 
measuring 3,000 cps viscosity. 

2.1.2. Composition of weaning food formulations 

The weaning food formulations were analyzed for total iron [111, ascorbic acid (1 21, 
phytic acid [131 and tannic acid (141. The meals were also analyzed for iron availability 
by in vitro radiochemical method (151. Table II shows the nutrient composition of the 
weaning food formulations. 

2.2. Phase II: Determination of Iron Bioavailability: 

2.2.1. Subjects 

The test weaning food formulations was studied in 14 healthy, normal human 
subjects, 6 males and 8 females, aged 20-38 years with no history of hematological 
abnormalizes or disorders known to influence gastro-intestinal absorption. A written 
informed consent was obtained from subjects before the study after receiving full 
explanation of the nature and purpose of the study. The study was approved by the 
National Health Research Ethics Committee, Philippine Council for Health Research and 
Development. 

2.2.2. Experimental design 

The meals were labeled with two radioiron tracers 5 9Fe and 5 5Fe and fed in four 
consecutive days as follows: GRM (59Fe), GRC (55Fe), GRC (5 5Fe), GRM (59Fe) to take into 
consideration the day-to-day variation in iron absorption. After fourteen days, blood was 
extracted from the subjects after an overnight fast for radioiron measurement. On the 
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next four days, the following formulations were fed: GCM (5 9Fe), Reference Dose r Fe), 
Reference Dose (5 5Fe), GCM (59Fe) and after fourteen days blood was again extracted from 
the subjects for radioiron measurements 116). Before the absorption study, blood was 
drawn from the subjects for determination of initial hemoglobin 117], hematocrit, serum 
ferritin [18], serum iron and total iron binding capacity 119]. These determinations were 
repeated at the end of the study. The test meals were consumed between 7:00 to 
9:00 AM after a 10 h overnight fast. Only water was allowed for 3 h after every 
administration of the meals and reference dose. The feeding protocol is shown in 
Appendix I. Each subject received 300 mL of gruel and an additional 200 mL was given 
to each subject as desired. The subjects were instructed to consume all the test meals 
entirely. 

2.2.3. Oral reference dose 

A solution of 10 mL of O.01 M hydrochloric acid containing 3 mg Fe as FeS0 4 and 
30 mg ascorbic acid labelled with 18.5 kBq (0.5 //Ci) 5 5Fe was used as the reference 
solution in the study. The 10 mL vials containing the Fe solution were rinsed twice and 
the rinsings were also consumed. Each subject received two reference doses after an 
overnight fast on two consecutive days. This oral reference dose was used to measure 
the absorptive capacity of each subject so that he can serve as his own control. 

2.2.4. Iron absorption measurements 

Relative absorption of 5 9Fe and 5 5Fe was calculated from analyses of blood samples 
by the method of Eakins and Brown 116]. The radioactivity was measured in a liquid 
scintillation counter available at the Philippine Nuclear Research Institute, DOST. 
Percentage absorption in each subject was calculated on the basis of a blood volume 
estimated from the sex, height and weight of the subjects on the assumption that 8 0 % 
of the absorbed radio-activity was incorporated into the circulating red cells 120]. 

2.2.5. Sta tis tical analysis 

Because the distribution of iron absorption data is positively skewed when expressed 
as a percentage of the administered dose, statistical analysis was performed on logarithms 
and the results reconverted to antiiogarithms to recover the original units [21 ]. Differences 
in iron absorption, from the weaning food formulations were tested by analysis of variance. 

2.3. Phase III - Determination of Zinc Bioavailability 

Zinc absorption from the weaning food formulations will be studied by the in vitro 
and in vivo method. For the in vivo the absorption of zinc will be determined on 30 human 
subjects, 10 for each weaning food from the measurement of the whole body retention 
of 6 5 Zn 14 days after intake of the labeled meal. Serum zinc level will be determined to 
assess the zinc status of the subjects. The weaning foods will be analyzed for zinc (AAS), 
calcium (AAS), magnesium (AAS) and nitrogen (kjeldahl). 

3. RESULTS AND DISCUSSION 

Estimates of the amount of iron absorbed from each meal in iron-deficient children 
was obtained by correcting the percentage absorption to a reference value of 6 0 % [22]. 
Table III shows the estimated iron absorption from the weaning food formulations adjusted 
for iron status. The geometric mean values are 3.5% for QRM, 4.9% for GRC and 5.6% 
for GCM. Thus children who take 100 g supplement daily might derive only 0.11 mg from 
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GRM, 0.21 from GRC and 18 mg from GCM. The daily requirement for absorbed iron has 
been estimated as 1.21 mg for 6 mo to < 1 y and 0.73 mg for 1-3 y children (23). The 
recommended quantity of 100 g/d might satisfy about 15. 29 and 25% of the iron 
requirements of 1 to 3 y children from GRM. GRC and GCM, respectively. 

The in vitro iron availability values of the meals are shown in Table IV. The mean 
iron availability values of the three weaning foods were all comparable to the 
corresponding mean absorption. These results indicate a promising in vitro alternative to 
the in vivo method which is difficult to conduct especially on infants and children for 
ethical reasons. 

4. CONCLUSIONS 

The study showed that the iron absorption from the three weaning food formulations 
ranged from 3.5 to 5.6%. In planning diets for these age groups, other rich sources of 
iron especially heme iron should be included to meet the RDA. 
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TABLE I. STANDARDIZED FORMULATION OF GRUELS* PREPARED FROM 70:30 
BLEND OF GERMINATED CEREALS (72 h) & LEGUMES (48 h) FLOURS 
MEASURING 3.000 CPS VISCOSITY 

Ingredients of gruels GRMk GBC b GCM k 

Weight of f l o u r 75 80 70 
(70:30 c e r e a l : l e g u m e ) 
b l end , g 

Volume of wa te r , mL 400 400 460 

Sugar, g 35 35 40 

F l a v o r i n g ( o p t i o n a l ) 
Pandan l ea f (Pandanus 

c o p e l a n d i i Merr . ) 1 1 -

Yield ( g r u e l ) , mL 437 386 495 

"The g r u e l s con ta ined 8.6 t o 10.8% p r o t e i n and 
food energy t h a t range from 426 t o 468 k c a l . 
bGRM-Germinated r ice:mungbean 
GCM-Germinated corn:mungbean 
GRC-Germinated r ice :cowpea 

TABLE II. CHEMICAL COMPOSITION OF WEANING FOOD FORMULATIONS1 

PREPARED FROM GERMINATED CEREALS AND LEGUMES 

Nutrient GRM GRC GCM 
per lOOmL gruel 

Protein (g) 1.95: 2.5 1.7 
Energy (kcal) 65.9: 79 54.7 

Iron (nig) 0.55 0.89 0.44 

Ascorbic acid 0.63 0.75 1.19 
(nig) 

Phytic acid (mg 3.6 3.0 4.5 
Tannic acid (mg Tr. Tr. Tr. 

'Formulations: 70:30 cereals:legumes to yield gruel with viscosity of 3000 cps 
2Source: Marero et a/. 1988 
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TABLE III. MEAN IRON ABSORPTION FROM THE WEANING FOOD FORMULATIONS 

Subjects Test Meal 
Mean Iron 
Absorption 
% of Dose 

Absorption 
Subjects Test Meal 

Mean Iron 
Absorption 
% of Dose % *60* mg Fe 

6 Males 
and 
8 Females 

GRM 
GRC 
GCM 

1.8 + 1.2 
2.5 + 1.2 
2.9 + 1.2 

3.5 + 1.2 
4.9 + 1.2 
5.6 + 1.2 

0.11 
0.21 
0.18 

•Corrected t o 60% REF absorption 

TABLE IV. COMPARISON BETWEEN MEAN in vitro AVAILABILITY AND 
in vivo ABSORPTION FROM THE WEANING FOOD FORMULATIONS 

Test Meals A60% in vitro Iron Availability 
% 

GRM 
GRC 
GCM 

3.5 + 1.2 
4.9 + 1.2 
5.6 + 1.2 

3.6 • 1.0 
3.7 + 1.1 
4.2 + 1.0 

Appendix I 
FEEDING PROTOCOL FOR EACH SUBJECT 

DAY 
5-13 14 15 16 17 18-27 28 

Baseline GRM GRC GRC GRM No Blood 
Feeding Extraction 

Data 

GCM R R GCM No Blood 
Feeding Extrac

tion 

GRM - germinated ricermungbean 
GRC - germinated ricercowpea 
GCM - germinated corn:mungbean 
R - Reference Dose 



Rice seeds 

Flotation 

Corn 

Sorting 

Mungbean 

Sorting 

Cowpea 

Sorting 

Soak in water (1:3 w/v) for 6 hr 

Germinate with watering 2 to 3 times a day in a 
plastic wicker basket or in clay pot with cover 

72 hr for rice/corn 
48 hr for mungbean/cowpea 

Wash thoroughly 

I 
Rice, Mungbean, Cowpea Corn 

Steam for 10 min. 

Dry at 60" C to 65" C for 10 to 12 hr 

Roast in 200-g batches over a low fire (95n C) 

3 min 

Mill 

Flour (60 mesh) 

FIG. 1. Flowsheet for the preparation of flour from germinated cereals and 
legumes. 


