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ABSTRACT                     ARTICLE INFORMATION 
 

Background: Adequate nutrition during infancy is fundamental to ensuring children’s 
growth, health, and development of to their full potential. However, several national reports 
have indicated poor nutritional status and high prevalence of anemia among children living 
in low-income areas where millet-based porridge is a predominant complementary food. 
Aims: The study aimed to examine the effect of a millet-based fortified complementary food 
on the anthropometric and biochemical indices of anemic infants (6 – 24 months). Patients 
and Methods: One hundred and twenty children aged 6 – 24 months enrolled in this study. 
On six separate groups, each comprising of 20 children, they consumed Cerelac (control 
diet), millet / OFSP (test diet 1), millet / OFSP / carrot (test diet II), millet / OFSP/carrot / 
oyster (test diet III), millet / OFSP / carrot / periwinkle (test diet IV), and millet / OFSP / 
carrot / periwinkle / oyster (test diet V), respectively. The children were fed with 50 g/day of 
the diets over a period of 36 weeks during which anthropometric and biochemical assessments 
were performed before and after test product ingestion. Results: All children fed on the test 
diets had an increase in anthropometric parameters. Test diet V had the highest percent effect 
on biochemical and anthropometric parameters at the end of the study. The percentage effect 
of test diet V (109.45 %; p = 0.020) on the hemoglobin levels of the infants was significantly 
(p < 0.05) higher than other test diets.  Conclusion: Millet-based complementary diet 
fortified with carrots, OFSP, periwinkle and oyster display positive effects on the nutritional 
status of infants. Thus, it should be considered as an appropriate alternative when planning 
nutrition programs to ameliorate the nutritional status of children in areas where millet-based 
porridge is a predominant complementary food. 
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1 Introduction 
The health of infants is crucial during their first year, and the 
nutritional requirements cannot be met with only breast 
feeding. In other words, complementary feeding is required. 
Complementary feeding is the process by which solid foods 
and diet components are gradually introduced into an infant’s 
diet alongside breast milk. Complementary feeding is a 
process that starts at the age of six months when only breast 
milk is adequate to meet the nutritional needs of the infant. 
Hence, other foods are needed to complement breast milk 1. 

These foods include legumes (soybeans and cowpeas, etc.), 
tubers, and cereals (wheat, maize, and rice, etc.), and they can 
be formulated by using either one or a combination of more 
than one plant product, e.g., cereals and legumes 2. 

Malnutrition is a major nutritional issue among infants in 
developing African countries. Malnutrition can result in 
morbidity and mortality, stunted growth and mental sickness, 
and an increased risk of diseases such as diabetes mellitus and 
other cardiovascular diseases such as heart failure 3. The 
principal cause of malnutrition in infants is the low 
nutritional value of foods such as protein, vitamins, and 
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minerals in traditional complementary foods. Furthermore, 
inappropriate complementary feeding practices and 
overeating of protein-rich complementary foods are at the 
root of malnutrition in infants. Undernourishment is 
prevalent in Africa and Asia and affects millions of people 4. 
In Africa, poverty and food shortages are on the rise, leading 
to undernourishment among 70 million children. Thus, the 
affected population feeds mainly on cereal foods such as 
maize, wheat, rice, sorghum, and millet that are low in 
protein 5. Generally, malnutrition is frequent among the 
underprivileged populations who do not have access to a good 
diet and sufficient protein-rich foods. Protein-energy 
malnutrition is a public health issue in the developing 
countries of the world, where children’s nutrition remains 
stagnant and deleterious in low and middle-income families. 

Millets are highly variable small-seeded grasses grown as cereal 
crops 6, and they contain about 7 – 12 % protein, 2 – 5 % fat, 
65 – 75 % carbohydrates, and 15 – 20 % dietary fiber 7. 
Among them, pearl millet has 12 – 16 % protein, which is 
considered a considerably high proportion of protein, as well 
as 4 – 6 % lipids. Millets can be boiled, baked, fermented, and 
processed into flour, which is then combined with other flours 
to make complementary foods 6. However, being plant-based, 
it is limited in essential amino acids, has low energy and 
nutrient density, and a high content of antinutrients such as 
phytates and tannins 8. The prominent use of millet has been 
attributed to the existence of high levels of child malnutrition 
among some communities 9. A survey carried out by Isingoma 
et al. 10 showed higher percentages of stunted, underweight, 
and wasted children in millet-consuming communities in 
Uganda. Animal-source foods such as periwinkle and oyster, 
which are rich in protein, bioavailable minerals, and omega-3 
fatty acids 11, 12, can be blended with millet-based 
complementary foods to improve the nutritional status of 
infants. 

Complementary foods are considered to contain a high 
density of energy with adequate protein composition, 
required vitamins, and minerals while retaining their 
chemical and sensory properties 13. In Nigeria, 
complementary foods have been found to be inadequate in 
micronutrients such as iron, iodine, and vitamin A 14, 15. Most 
of the traditional complementary foods are cereal-based and 
are not sufficient for infant growth and development, which 
may further lead to the problems of undernutrition and 
micronutrient malnutrition. Several studies and extensive 
research have been carried out on how to ameliorate the 
nutrient value of existing complementary foods by combining 
cereals, legumes, and other staples in order to leverage the 
efficiency of their proteins for weaning infants 2, 16. However, 
very little is known about the effect of these formulations on 

the nutritional status of infants. There is very little evidence 
that formulated diets can improve infant growth and 
nutritional status in vivo. Therefore, the aim of this study was 
to investigate the effect of a millet-based fortified 
complementary food on the anthropometric and biochemical 
indices of anemic infants. 

2 Patients and Methods 

2.1 Collection of raw materials 
Orange-flesh sweet potatoes (Ipomoea batatas L), millets 
(Eleusine coracana) and carrots (Daurus carota L) were 
purchased from Nsukka, Enugu State. Periwinkle 
(Tympanatonus fuscatus) and oysters (Crassostrea madrasenis) 
were bought from Creek Road Market in Port Harcourt Local 
Government Area, Rivers state, Nigeria. 

2.2 Processing of raw materials 

2.2.1 Preparation of orange-fleshed sweet 
potato flour 

Orange-fleshed sweet potato was pulverized into fine powder 
according to the method of Kolawole and Ade-Omowaye 17. 
Seventy kilograms (70 kg) of orange-fleshed sweet potatoes 
were peeled, washed, and sliced, then immediately immersed 
in a water bath of 1 % sodium metabisulfite for 10 min to 
prevent enzymatic browning. The orange-fleshed sweet 
potatoes were drained and oven dried at 55°C in a 
conventional oven (Gallen Kamp Co., Ltd., London, 
England) for 8 hrs. It was thereafter dry-milled in a laboratory 
mill (Thomas Willey mill model ED-5) into powder and 
sieved into flour using a (0.4 mm) sieve aperture. The flour 
sample was packed in ziplock bags and stored in a refrigerator 
at -4 oC for analysis and formulation of the complementary 
food. 

2.2.2 Preparation of millet flour 

Millet was processed into flour using the method of Iombor 
et al. 18. 100 kg of maize gains were sorted, cleaned, soaked in 
clean water in a container, covered, and fermented at 37 oC 
for 24 hrs. After fermentation, the water was drained and the 
fermented grains were rinsed with 500 mL of water and oven 
dried at 80 oC for 3 hrs. The oven-dried grains were milled 
with a laboratory hammer mill (Thomas Willey mill model 
ED-5) and sieved into fine flour using a 30 mm sieve 
aperture. The flour sample was packed in ziplock bags and 
stored in a refrigerator at -4 oC for analysis and formulation 
of the complementary food. 

2.2.3 Preparation of carrots flour 

Thirty kilograms (30 kg) of carrots were washed, then 
scrapped to remove the epidermis and some sub-epidermal 
tissues, and then blanched at 80 °C for 6 mins, sliced, and 
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dried at 30 °C for 3 hrs in a conventional oven. The dried 
carrots were then milled into flour using a Kenwood milling 
machine, model AT941A. The carrot powder was stored in 
airtight ziplock bags at a room temperature of 25 oC away 
from light and humidity for analysis. 

2.2.4 Preparation of periwinkle and oyster 
meat flour 

Periwinkle and oyster meat were converted into fine powder 
following the method used by Ufot et al. 11. Thirty kilograms 
(30 kg) of periwinkle and oysters were washed with tap water 
to remove dirt and debris. It was then placed in a stainless pot 
of boiling water and allowed to cook for 5 minutes at 100 oC, 
then drained using an aluminum sieve and cooled to a room 
temperature of about 25 oC. The meat was manually removed 

from the shell using a stainless pin or needle, washed in tap 
water, drained, and oven-dried at 55 oC overnight. The dried 
meats were pulverized to flour using a Kenwood milling 
machine model AT941A. After pulverizing, the flour was 
stored in airtight ziplock bags at a room temperature of 25oC 
away from light and humidity. 

2.3 Formulation of composite flour from 
millet-orange fleshed sweet potato-
carrot periwinkle and oyster meat 

The protein content of the food materials was determined 
using the Kjeldahl method as described by AOAC (2012). 
The composites were formulated based on the recommended 
formulation of complementary food for infants (6–12 
months) according to FAO/WHO 19. A formulation 
containing all the processed flours was formed in ratios as 
shown in Table 1. 

2.4 Experimental design, study participants 
and feeding intervention 

2.4.1 Experimental design 

This randomized controlled study involved 120 subjects 
divided equally into six groups based on their age, sex, 
weight, and height. A total of 20 children (10 boys and 10 
girls) were assigned to the control group who received 
Cerelac. Twenty (20) children (10 boys and 10 girls) were 
assigned as study group I who received millet and orange-
fleshed sweet potatoes. Twenty (20) groups (10 boys and 10 
girls) were assigned as study II who received millet / orange-
fleshed sweet potatoes / carrot. Twenty (20) children (10 boys 
and 10 girls) were also assigned as study III who were fed 
with millet / orange-fleshed sweet potatoes / carrot / oyster. 

Twenty (20) children (10 boys and 10 girls) were also 
assigned as study IV who was fed with millet / orange-fleshed 
sweet potatoes / carrot / periwinkle. Group V was composed 
of 20 children (10 boys and 10 girls) who were fed millet, 
orange-fleshed sweet potatoes, carrots, oysters, and 
periwinkle. 

2.4.2 Experimental participants 

One hundred and twenty children (120), aged 6 – 24 
months), were recruited for the study. The health of the 
children was considered by checking the children’s vital signs 
by a healthcare professional, and any child displaying a sign of 
weakness was not included in the study. The children were 
screened for congenital and infectious diseases such as 
measles, whooping cough, and inability to swallow 
complementary foods. The inclusion criteria included 
screened and confirmed healthy children who would have 

 

Table 1: Quantity of protein to be provided by each food item and the quantity of food item required to supply the required 
protein (15 g) 

Sample Ratio 
Millet  

(g) 

OFSP  

(g) 

Carrot  

(g) 

Oyster  

(g) 
Periwinkle (g) 

Total  

(g) 

M Cerelac - - - - - 14 

MO 70:30 10.50 (150.1) 4.50 (144.3) - - - 15 (294.4) 

MOC 57:32:11 8.55 (122.1) 4.80 (153.8) 1.65 (183.3) - - 15 (459.2) 

MOCOM 65:20:5:10 9.75 (139.3) 3.00 (96.2) 0.75 (83.3) 1.50 (2.3) - 15 (321.1) 

MOCPM 49:29:7:15 7.35 (105.0) 4.35 (139.4) 1.05 (116.7) - 2.25 (3.2) 15 (364.3) 

MOCOMPM 70:13:3:7:7 10.50 (150.1) 1.95 (62.5) 0.45 (50.0) 1.05 (1.62) 1.05 (1.5) 15 (265.8) 

Data are presented as amount of food protein in grams. Abbreviations: M= Cerelac (Control diet); MO= millet/orange-fleshed sweet potato 70:30 (Test diet 1); MOC = 
millet/orange-fleshed sweet potato/carrot 57:32:11:0:0 (Test diet 2); MOCOM= millet/orange-fleshed sweet potato/carrot/oyster meat flour 65:20:5:10 (Test diet 3); MOCPM 
= millet/orange-fleshed sweet potato/carrot/periwinkle meat flour 49:29:7:15 (Test diet 4); MOCOMPM = millet/orange-fleshed sweet potato/carrot/oyster/periwinkle meat flour 
70:13:3:7:7 (Test diet 5) 
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been screened by a healthcare professional and were free from 
any health disorder and could eat well. 

2.4.3 Feeding intervention 

The administration of test food (diets supplemented with 
orange-fleshed sweet potatoes, carrots, periwinkle, and 
oysters) lasted for thirty-six weeks. The experimental group 
was instructed to consume 50 g of the test diets every day as 
breakfast for thirty-six weeks. Each serving of the test diet (50 
g) was stirred into 250 mL of boiling water and stirred with a 
wooden spoon until a smooth consistency was obtained. 
About three (3) grams of sugar were added. The porridges 
were distributed to the intervention group daily as breakfast. 

2.5 Anthropometric measurements 

Anthropometric measurements consisted of measuring body 
weight, height, and head and mid-upper arm circumference 
of the children were taken at baseline and at the end of the 
study using the method recommended by the WHO 20. The 
percentage difference between the two values (baseline and 
endline) was calculated by dividing the absolute value of the 
difference between the two values by the average of the values 
and multiplying by 100. A British weighing scale was used for 
weight measurements. The subjects were placed nauseous on 
the scales, and their weights were recorded to the nearest 0.1 
kg. The measurements were taken before and after feeding 
the subjects. The subjects' height and length were assessed 
using a microtome height meter (20-205 cm; Seca 213 
Standiometer). All the measurements were taken with an 
accuracy of 0.01 cm. The length of the subjects was collected 
with the aid of an infantometer (range 300-1100 cm; 
Chasmors Ltd, London, Uk) to the nearest 0.5 cm 21. 

The heads of the children were measured with a narrow, non-
stretchable Chinese measuring tape (superior tailoring rule). 
The tape was placed across the forehead just above the 
supraorbital ridges. It was passed around the head at the same 
level on both sides of the occiput. It was fixed well to obtain 
the maximum circumference to the nearest 0.1 cm. The mid-
upper arm circumference of the subjects was measured from 
the left upper arm. This was done between the tip of the 
shoulder and the tip of the elbow using a measuring tape (the 
superior tailoring rule). The mid-upper arm circumference 
was obtained to the nearest 0.1 cm 22.  

2.6 Biochemical analysis of blood samples 

Biochemical analysis of the children was taken at baseline and 
at the end of the study. Similarly, the percentage difference 
between the two values (baseline and endline) was calculated 
by dividing the absolute value of the difference between the 
two values by the average of the values and multiplying by 
100. The blood sample of each infant was collected into two 
(2) different sample bottles. One bottle contained 2 l of blood 
and the other contained anti-coagulant K-EDTA (potassium 

Ethylene Diamine Tetracetic acid) to prevent interface with 
hemoglobin (HB) estimation. The blood samples were taken 
to the laboratory for analysis within 2 hours of collecting 
them to avoid spoilage. Hemoglobin content was determined 
using the UV-VIS Spectrophotometer, while serum calcium 
concentration was determined using a colorimeter as 
described by Dacie & Lewis 23. 

2.7 Ethical considerations   

Ethical approval was obtained from the Ethics and Research 
Committee of the Rivers State University Teaching Hospital, 
Port Harcourt. The study was carried out following the ethics 
as stipulated by the Nigerian National Code for Health 
Research Ethics and Committee (NHREC). The informed 
consent of the caretaker of the motherless baby’s home at 
Good Shepherd Foundation, Woji Road, Port Harcourt, was 
sorted three weeks before the commencement of the study. 

2.8 Statistical analysis   

Data obtained from this study was analyzed using statistical 
software, SPSS Version 21 (Statistical Package for Social 
Sciences Version 17). Continuous variables were expressed as 
means and standard deviation. Association between the 
baseline and endline were evaluated using Chi (X2) square 
statistics. Test results were considered as significant if p-value 
was < 0.05. 

3 Results 

3.1 Anthropometric status of infants after 
feeding the formulated complementary 
foods 

Table 2 shows the anthropometric status of infants after 
feeding the complementary foods. Length of the infants at the 
baseline ranged from 55.06 – 68.95 cm while it ranged from 
59.23 – 72.06 cm at the end line. Infants who consumed 
MOC had the highest length (72.06 cm) at the endline and 
this was significantly (p < 0.05) different from all other 
groups. However, MOCOP produced the highest percentage 
effect (7.30 %) on the length of the infants. The percentage 
effects of MO, MOC, MOCO and MOCP on the length of 
the infants were similar (4.32 %; p = 0.025, 4.41 %; p = 
0.004, 4.67 %; p = 0.015, and 4.41 %; p = 0.021, 
respectively).  

Weight of the infants at the base line ranged from 5.01 kg in 
infants who consumed MOCO to 7.31 kg in infants who 
consumed MO. At the end line, infants who consumed the 
control diet (Cerelac) had the highest weight (11.67 kg) 
and this was followed closely by infants who consumed 
MOCOP (10.66 kg) which produced the highest percentage 
effect (57.96 %; p = 0.016) on the weight of the infants. 
There was no significant (p<0.05) difference in the weight of 
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infants who consumed MO, MOCO and MOCP at the end 
line.  

Mid-upper circumference of the infants at the baseline ranged 
from 9.23 cm in infants who consumed Cerelac to 10.82 
cm in infants who consumed MOCO. At the endline, infants 
who consumed Cerelac had the highest mid-upper 
circumference (14.87 cm) while infants who consumed MO 
had the lowest (12.49 cm). The percentage effect showed that 
Cerelac had the highest percentage effect (46.80 %; p = 
0.041) on the mid-upper circumference of the infants and 
this was followed closely by infants who consumed MOCOP. 
MOCP and MOC had similar percentage effect (25.74 %; p 
= 0.005 and 24.85 %; p = 0.019, respectively) on the mid-
upper circumference of the infants. 

Head circumference of the infants at the baseline ranged from 
39.83 cm to 44.31 cm with the infants who consumed 
Cerelac having significantly (p < 0.05) higher head 
circumference (44.31 cm). At the endline, infants who 
consumed Cerelac also had significantly higher head 
circumference than other groups. However, the highest 
percentage effect was observed in MOCOP (6.18 %; p = 

0.033) and MOCP (5.81 %; p = 0.028) while MO produced 
the lowest percentage effect (0.90 %; p = 0.214) on the head 
circumference of the infants. The percentage effects of 
MOCO and Cerelac on the head circumference of the 
infants were similar (2.83 %; p = 0.016 and 2.78 %; p = 
0.044, respectively). 

3.2 Biochemical parameters of infants fed 
with the formulated complementary 
foods 

Table 3 presents the biochemical parameters of infants fed 
with the formulated complementary foods. The 
concentration of iodine of the infants at the baseline ranged 
from 0.27 mg/dL to 0.68 mg/dl with the highest value (0.27 

mg/dl) recorded in infants who consumed Cerelac while 
infants who consumed MO had the lowest iodine 
concentration. At the endline, infants who consumed 
Cerelac also had the highest iodine concentration (1.78 
mg/dL) while infants who consumed MOC had the lowest 
iodine (0.27 mg/dL). The highest percentage effect (89.43 %; 
p = 0.041) was observed in infants who consumed Cerelac 

 

Table 2: Anthropometric Indices of Infants fed with the formulated Complementary foods (n=120) 

Measures Samples 
Baseline 

(mg/dl) 

End line  

(mg/dl) 

Percentage difference 

(%) 
p-value 

Length 

Cerelac 
MO 
MOC 
MOCO 
MOCP 
MOCOP 

60.31±0.52 
65.39±0.39 
68.95±0.38 
62.14±0.39 
66.51±0.63 
55.06±0.20 

63.70±0.46 
68.28±0.08 
72.06±0.03 
65.11±0.08 
69.51±0.25 
59.23±0.07 

5.47 
4.32 
4.41 
4.67 
4.41 
7.30 

0.019* 
0.025* 
0.004* 
0.015* 
0.021* 
0.044* 

Weight 

Cerelac 
MO 
MOC 
MOCO 
MOCP 
MOCOP 

6.55±0.20 
7.31±0.16 
5.46±0.29 
5.01±0.03 
5.07±0.12 
5.87±0.08 

11.67±0.23 
8.63±0.17 
7.80±0.16 
8.37±0.21 
8.65±0.48 

10.66±0.07 

56.20 
16.56 
35.29 
50.22 
52.19 
57.96 

0.029* 
0.144 
0.022* 
0.042* 
0.013* 
0.016* 

Mid-upper circumference 

Cerelac 
MO 
MOC 
MOCO 
MOCP 
MOCOP 

9.23±0.05 
10.57±0.03 
10.43±0.03 
10.82±0.10 
10.46±0.06 
9.53±0.25 

14.87±0.17 
12.49±0.11 
13.39±0.08 
13.46±0.07 
13.55±0.06 
14.06±0.11 

46.80 
16.65 
24.85 
21.66 
25.74 
38.41 

0.041* 
0.001* 
0.019* 
0.021* 
0.005* 
0.028* 

Head circumference 

Cerelac 
MO 
MOC 
MOCO 
MOCP 
MOCOP 

44.31±0.08 
39.83±0.25 
43.23±0.11 
42.79±0.18 
42.27±0.11 
43.11±0.08 

46.45±0.25 
40.19±0.69 
44.13±0.07 
44.02±0.08 
44.80±0.03 
45.86±0.03 

4.72 
0.90 
2.06 
2.83 
5.81 
6.18 

0.044* 
0.214 
0.341 
0.016* 
0.028* 
0.033* 

Mean values are of duplicate determinations. Mean values within a column with different superscripts are significantly different at (p < 0.05). Abbreviations: MO = 70 % Millet: 
30 % Orange-fleshed sweet potato; MOC = 57 % M: 32 % O: 11 % C; MOCO = 65 % M: 20 % O: 5 % C: 10 % Oyster; MOCP = 49 % M: 29 % O: 7 % C: 15 % Periwinkle; 
MOCOP = 70 % M: 13 % O: 3 % C: 7 % Oyster: 7 % Periwinkle. 
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and this was followed closely by infants who consumed 
MOCOP (63.41 %; p = 0.008). MOC and MOCO 
produced similar percentage effects (20.41 %; p = 0.149 and 
20.56 %; p = 0.277) on the iodine concentration of the 
infants.  

Calcium concentration of the infants at the baseline ranged 
from 1.07 mg/dL in infants who consumed Cerelac to 3.90 
mg/dL in infants who consumed MO. At the endline, infants 
who consumed MO also had the highest calcium 
concentration (8.22 mg/dL) while infants who consumed 

Cerelac had the lowest calcium (4.61 mg/dL). However, 
MOCP produced the significantly (p < 0.05) higher 
percentage effect (137.95 %; p = 0.028) on the calcium 
concentration of the infants while MO had the least 
percentage effect (71.29 %; p = 0.017).  

Hemoglobin concentration of the infants at the baseline 
ranged from 4.56 – 5.52 mg/dL with the infants who 
consumed Cerelac recoding the highest hemoglobin 
concentration while infants who consumed MO had the least 
concentration (4.56 mg/dL). At the endline, infants who 
consumed MOCOP recorded the highest hemoglobin 
concentration (18.01 mg/dL) while infants who consumed 
MO had the least concentration (11.79 mg/dL). The 
percentage effect of the diets on the hemoglobin levels were 
higher in infants fed with MOCOP (109.45 %; p = 0.020) 
than other groups. 

4 Discussion 
The assessment of the anthropometry of the infants indicated 
that infants that were fed millet, OFSP, carrots, oysters, or 
periwinkle had longer statures, even when they had low 
baseline statures at the onset of the feeding. The increase in 
length after feeding might be attributed to the addition of 
OFSP, periwinkle, and oyster. Ivon and Eyo 12 asserted that 
shellfish such as periwinkle and oysters are valuable, cheap, 
and good sources of protein. When shellfish (protein) and 
millet (carbohydrate) were combined, the length of infants 

increased. With the addition of carrots, they all had better 
growth patterns in infants. Thus, enriched complementary 
foods can be used to address malnutrition issues. 

The formulations had an increasing effect on the weight of 
the infants. Chipili et al. 24 had already reported a better 
growth pattern in children fed a maize-based diet with the 
addition of fish powder to the infant’s usual powder. The 
inclusion of carrots, orange-fleshed sweet potatoes, 
periwinkle, and oysters in infant food formulation could help 
to reduce malnutrition among vulnerable groups. The 
formulations also had a significant (p > 0.05) effect on the 
endline data. Upper mid-arm circumference has been 
identified by Mwangome et al. 25 as a critical tool that enables 
the implementation of community-based management of 
acute malnutrition. The result showed that Cerelac and 
MOCOP produced a significantly (p < 0.05) higher 
percentage effect on the mid-upper circumference of the 

 Table 3: Biochemical indices of infants fed with the formulated complementary foods (n=120) 

Measures Samples 
Baseline 

(mg/dl) 

End line  

(mg/dl) 

Percentage difference 

(%) 
p-value 

Iodine 

Cerelac 
MO 
MOC 
MOCO 
MOCP 
MOCOP 

0.68±0.01a 
0.27±0.01e 
0.22±0.01f 
0.48±0.01b 
0.34±0.01d 
0.42±0.01c 

1.78±0.01a 
0.31±0.00e 
0.27±0.00f 
0.59±0.00d 
0.62±0.00c 
0.81±0.00b 

89.43 
13.79 
20.41 
20.56 
58.33 
63.41 

0.041* 
0.205 
0.149 
0.277 
0.032* 
0.008* 

Calcium 

Cerelac 
MO 
MOC 
MOCO 
MOCP 
MOCOP 

1.07±0.41cd 
3.90±0.91a 
1.12±0.56c 
1.82±0.40b 
1.21±0.37c 
1.19±0.30c 

4.61±0.17e 
8.22±0.11a 
4.24±0.18f 
7.34±0.19b 
6.59±0.21c 
5.36±0.16d 

124.65 
71.29 

116.42 
120.52 
137.95 
127.33 

0.009* 
0.017* 
0.024* 
0.011* 
0.028* 
0.004* 

Hemoglobin 

Cerelac 
MO 
MOC 
MOCO 
MOCP 
MOCOP 

5.52±0.38a 
4.56±0.23d 
5.00±0.52c 
4.62±0.20d 
5.16±0.38b 
5.27±0.47b 

15.47±0.25c 
11.79±0.03f 
12.53±0.69e 
13.62±0.46d 
16.72±0.03b 
18.01±0.08a 

94.81 
88.51 
85.91 
98.67 

105.67 
109.45 

0.003* 
0.013* 
0.032* 
0.026* 
0.042* 
0.020* 

Mean values are of duplicate determinations. Mean values within a column with different superscripts are significantly different at (p <0.05). Abbreviations: MO = 70 % Millet: 
30 % Orange-fleshed sweet potato; MOC = 57 % M: 32 % O: 11 % C; MOCO = 65 % M: 20 % O: 5 % C: 10 % Oyster; MOCP = 49 % M: 29 % O: 7 % C: 15 % Periwinkle; 
MOCOP = 70 % M: 13 % O: 3 % C: 7 % Oyster: 7 % Periwinkle. 
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infants. Hence, MOCOP could be used for the management 
of acute malnutrition. Head circumference measurement 
reflects head growth and is a useful tool for tracking and 
monitoring child growth and development 26. The result from 
the present study showed that MOCP and MOCOP 
produced a significantly (p < 0.05) higher percentage effect 
on the head circumference of the infants. According to the 
WHO 27, infants as young as 12 months are supposed to 
triple their birth age, with their head and chest being equal 
within this age range. This was achieved at the end of the 
feeding for the control sample and the formulations 
MOCOP, MOCO, and MOCP. 

In the present study, none of the formulations reached the 
WHO iodine level of 70 ug/dL daily. This might be because 
the children were fed the formulations once a day. If they are 
fed the normal three or four times daily, this requirement 
might be met. FAO/WHO 28 explained that iodine is 
important in infants for the synthesis of thyroid hormones 
necessary for growth, development, and the avoidance of 
mental retardation. The infants in this study had a low 
hemoglobin level at baseline (4.56 – 5.52 g/dL). Severe 
anemia was defined as hemoglobin levels of 5.0 g/dL in 
children 29. This indicated that the infants in the present 
study had severe anemia at the base line. A high prevalence of 
anemia has been reported among Nigerian children. 
Ughasoro et al. 30 reported a prevalence of 49.2 % in south-
east Nigeria, with the highest prevalence among children 12- 
month-old, whereas Mainasara et al. 31 reported a prevalence 
of 34.8 % among children in Sokoto, north-western Nigeria. 
Hemoglobin concentration (Hb) is used clinically to 
determine the presence of anemia. Anemia is a global 
problem with a major debilitative effect, especially in children 
in sub-Saharan Africa 32. The current study further showed 
that MOCOP produced a significantly (p < 0.05) higher 
percentage effect (119.43 %) on the hemoglobin 
concentration of the infants. This suggests that periwinkle 
and oyster supplementation improved the infants' 
hemoglobin levels. The effect of millet, OFSP, carrot, oyster, 
and periwinkle on the hemoglobin levels of infants was 
significantly (p < 0.05) higher, probably because all the 
fortifications were used in the formulations. The result 
therefore showed that the formulated complementary foods 
have the potential to prevent anemia in infants and young 
children. According to Linderkamp et al. 33, an infant's 
hemoglobin level at birth ranges from 14.9 to 23.7 g/dL in 
term babies and 19.1 – 22.1 g/dL in preterm infants. 
Supplementing maize-based complementary foods with 
periwinkle and oyster may produce an acceptable result as a 
protein in red blood cells that transports oxygen to the body's 
organs and tissues. 

The resultant effect of the formulations on calcium levels 
indicated that there is a baseline calcium deficiency. After the 
feeding, the blood calcium level increased, especially for 

infants fed with millet, OFSP, carrots, or periwinkle (47.15 
%). The WHO 22 established a calcium safety level of 8.8 
ug/dl. Ruel et al. 34 observed a decrease in blood calcium in 
children, which they attributed to the low calcium content of 
their diets. Calcium aids in bone and tooth growth. Low 
calcium could result from poor growth and development of 
bones and teeth during the first 1000 days of an infant's life 
and could lead to a disease condition known as osteoporosis. 
If the infants are fed their normal three or four meals per day, 
this low calcium level may not be achieved in one meal per 
day. 

5 Conclusion 
The effect of millet-based diets supplemented with carrot, 
orange-fleshed sweet potato, oyster, and periwinkle on the 
nutritional status of infants was statistically significant. The 
assessment of the anthropometric status of the investigated 
infants indicated that infants fed with millet / OFSP / carrot / 
oyster / periwinkle had higher length, head circumference, 
iodine, body weight, calcium, and hemoglobin concentrations 
than other formulations. This suggests that periwinkle and 
oyster supplementation contained the required hemoglobin 
levels, implying that they could be more appropriate for the 
prevention of anemia and protein-energy malnutrition in 
infants in developed countries. However, to achieve 
maximum nutritional effect, the infants must be fed at least 
three times a day with the formulated complementary food. 

Study Limitations 

This study has two limitations. First, the study sample size is 
limited which may affect the generalizability of results. The 
other limitation is that the survey was conducted in an urban 
area which may not represent pastoralists living in the rural 
areas.  
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