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ABSTRACT                                       ARTICLE INFORMATION         
 

Background: Malnutrition in under-five children remains an issue of public health, especially 
in low and middle-income countries, and is associated with inadequate child development 
and poor survival. Recent public health intervention strategies for malnourished children 
allow for localized targeted supplementation with locally available materials to replace the 
imported Ready-to-Use-Supplementary-Food (RUSF) for the target group. Aims: The aim 
of the study was to develop a local supplementary food and determine its effects on 
hematological parameters of weanling rats. Material and Methods: The experimental study 
involved thirty weanling albino rats, grouped into groups A, B, and C, each consisting of ten 
rats. All the groups were acclimatized for fourteen days, thereafter, groups A and B were 
induced with moderate acute malnutrition (MAM) by feeding with only corn starch for 
fourteen days. Weight, tail length, and hematological parameters (hemoglobin level, white 
blood cell count) of all the weanling albino rats were determined and recorded as baseline 
values on the fourteenth day. Therapeutic food made from millet, soybean, and grasshopper 
blends was produced and fed to group A as the intervention, Group B was fed with corn 
starch only and group C was fed on normal rat pellets for twenty-eight days. Weight, tail 
length, and hematological parameters were determined and recorded at the end of the 
intervention. Results: Experimental group A had the lowest packed cell volume (PCV) value 
with a difference of 2.20 ± 0.56 %, the lowest hemoglobin (Hb) level with a difference of 
0.58 ± 0.02 g/dL, the control group had the highest PCV, Hb, and RBC with values of 4.10 
± 0.5 %, 1.58 ± 0.21 g/dL, and 0.9 ± 0.05 x 106 µ/L respectively. Conclusions: With the 
evidence provided by the parameters assessed in the study, it can be concluded that the 
developed therapeutic food is efficacious in the treatment of malnutrition especially in 
weanling albino rats. 

Keywords: Moderate Acute Malnutrition (MAM), Ready-to-Use-Supplementary-Food 
(RUSF) Malnutrition, Complementary feeding, Animal studies. 

 
 

 

1 Introduction 
Malnutrition in under-five children has been associated with 
inadequate child development and poor survival 1, 2. It has 
been estimated that over 200 million children in developing 
countries fail to reach their full development potential as a 

result of poor nutrition, poverty, and inadequate care 3, 4. Low-
quality local complementary foods, improper feeding 
techniques, the high cost of animal protein foods, and 
recurring infections all contribute to the undernourished diet 
of under-five children thereby increasing the risk of 
malnutrition. Malnutrition is one of the contributing factors 
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to high morbidity and mortality rates and has also been linked 
to more than half of cases of deaths among children under-
five years, especially in low- and middle-income countries. 
Recent intervention strategies for treating malnourished 
children in the public health sector allow for targeted 
supplementation with enriched maize blends, Ready-to-Use 
Therapeutic Foods (RUTF), enriched energy drinks, or a 
combination thereof for the target population. The etiology 
of protein-energy malnutrition in Nigerian children during 
the complementary feeding period has been linked to 
increased consumption of plain cereal pap 5. Cereals contain 
low amounts of protein and are deficient in lysine or 
tryptophan which are essential for the growth and 
development of under-five children. There is a need to 
introduce readily available, cost-effective foods to improve the 
nutrient content of complementary foods given to children.   

Millet is one of the numerous kinds of cereal that is 
cultivated in the northern part of Nigeria and is the most 
nutrient-dense. It is a rich source of carbohydrates which 
provides energy and contributes to the calorie requirement of 
the individual. The germ also contains a higher amount of 
protein, fatty acids, minerals, and vitamins compared to 
other cereals 6. Millets can be prepared into different 
indigenous delicacies such as pap, pudding, and millet-fufu, 
giving rise to a diversity of diets 7-9. 

Variegated grasshopper (Zonocerus variegatus) is one of the 
insects that is largely consumed especially in Northern 
Nigeria. It is a rich source of protein and B-vitamin 10. 
Generally, insects do not require a special method of 
cultivation, they are readily accessible and are more 
economical, thereby providing an alternative source of protein 
compared with meat and fish 11.  

Soybean is a common legume in Nigeria. It contains a high 
amount of protein and is considered a plant source of protein 
of high biological value. Further it is rich in some vitamins 
and minerals  12, 13. Soybean provides a cheaper alternative 
source of protein compared to animal protein foods such as 
meat, fish, eggs, etc. Soybean has been used as part of 
complementary foods in Nigeria. Cheap and affordable 
therapeutic food alternatives in the northeastern part of 
Nigeria compared with the scarce and expensive packaged 
RUSF have been solicited for by the locals 14, 15. Therefore, the 
aim of this study was to produce a complementary food from 
millet, variegated grasshopper (Zonocerus variegatus) and 
soyabean and test effectiveness of this novel food on the 
treatment of moderate malnutrition in weanling rats. 

2 Material and Methods 

2.1 Sample selection 
Millet, variegated grasshopper (Zonocerus variegatus) and 
soybean were purchased in four markets out of the seven 

markets in Maiduguri, Borno State Nigeria using a systematic 
random sampling technique. Each sample was purchased 
from different traders randomly to ensure a representation of 
the samples.   

2.2 Sample preparation 

Millet preparation 

The millet was mixed to have a homogenous mixture of 
grains. Thereafter, the homogenous millet sample was 
winnowed to separate the chaff from the grains. The grains 
were rinsed in warm water to remove the dirt and debris on 
the grain before it was milled using a disc attrition mill. The 
gruel was dried in the hot air oven at 55 oC for 90 minutes, 
the drying process was monitored by checking the samples 
every 20 minutes till the end of drying to obtain a flour 
sample and finally packed in air-tight Ziploc bags. 

Soybean preparation 

The soybean was mixed to obtain a homogenous sample. 
The homogenous soybean sample was handpicked to 
separate the seeds from stones and other debris. The clean 
soybean was washed and soaked in water at room 
temperature (22 oC) for 12 hours. Thereafter it was washed 
by rubbing between the palms to remove the testa (skin) and 
rinsed several times with more water to ensure that there 
were no more seed coats. The clean soybean was then soaked 
in hot water at 85 oC for 15 minutes, air-dried for 48 hours, 
and then roasted in an oven at 70 oC for 30 minutes. The 
dried sample was milled using a locally fabricated disc 
attrition mill to obtain a flour sample which was packed in 
air-tight Ziploc bags. 

Variegated grasshopper (Zonocerus 
variegatus) preparation 

The Variegated grasshopper (Zonocerus variegatus) was 
winnowed to remove physical debris and poured into a clean 
bowl. Thereafter, hot boiling water (100 oC) was added to 
the grasshopper to remove undesirable flavors and other 
forms of dirt. The water was sieved out and the variegated 
grasshopper (Zonocerus variegatus) was oven-dried using a 
hot air oven for 12 hours at 60 oC. The dried sample was 
milled into powder using the locally fabricated disc attrition 
mill and packed in air-tight Ziploc bags. 

Therapeutic diet processing 

The flour food samples were mixed in a ratio of 70:20:10 
(Millet: 70 %, Soybean: 20 %, and Variegated grasshopper 
(Zonocerus variegatus): 10 %) and produced into pellets of 
different sizes which were fed to the rats at different stages of 
development.  The sizes of the pellets were increasing as the 
rats were growing and increasing in size.    
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Nutrient analysis 

The proximate composition of the therapeutic diet produced 
was carried out using AOAC methods 16. The food was 
analyzed for moisture content, crude fat, fiber, and ash. 
Nitrogen content was determined using the Kjeldahl method 
and the resulting value was multiplied by a factor of 6.25 to 
estimate the protein content. Carbohydrate was determined 
by a method that involves measuring the total weight of a 
sample before and after removing non-carbohydrate 
components, such as proteins, lipids, and minerals. The 
difference in weight corresponds to the carbohydrate content 
in the sample. Total energy was calculated by multiplying 
the resulting carbohydrate content by a factor of 4 with the 
knowledge that carbohydrates provide approximately 4 
kilocalories of energy per gram. 

2.3 Animal experimentation 

Thirty weanling albino rats at 21 days old were obtained 
from the Department of Veterinary Medicine, University of 
Ibadan.  The rats were divided into three groups A, B, and C 
of ten weanling albino rats in each group. Each group was 
kept in a well-ventilated cage, and each of the rats was given 
an identification mark. Their weight and tail length were 
recorded at the entry point. They were all acclimatized for 
14 days, feeding with regular pelletized feed and water. Their 
weight and tail length were measured weekly. 

Baseline 

Group A and B were used as the experimental groups while 
group C was the control group. Rats in groups A and B were 
induced with moderate acute malnutrition (MAM) by 
feeding them with corn starch (ogi) only for fourteen days 
while group C continued feeding on commercial rat 
pelletized feed. 

Intervention 

Rats in group B were fed with the therapeutic food while 
group A continued feeding on corn starch (ogi) and group C 
continued on the commercial rat pelletized feed. The 
intervention period lasted for 28 days.   

The initial and final results were compared to determine the 
effect of the therapeutic diet on the nutritional status of the 
weanling albino rats induced with moderate acute 
malnutrition. 

Anthropometric measurement 

At baseline, each group was measured for weight and tail 
length following standard procedures and recorded as the 
initial anthropometric status. All measurements were carried 
out very early in the morning between 7 am – 9 am. A 
digital weighing scale was used to measure the weight of the 

rats to the nearest 0.1 kg. The tail length was measured with 
a meter ruler. The rats were stretched on the ruler. The 
measurements were taken to the nearest 0.1 cm.    

After the intervention, the measurements of weight and tail 
length were repeatedly measured and recorded as the final 
anthropometric status. 

Blood sample collection 

Blood samples were collected through the ocular vein. The 
ocular vein was punctured using a heparinized capillary tube 
while the rats were held down not to affect the flow of blood. 
The blood samples were collected in a heparinized test tube. 
At the end of the experimental period, each animal was 
sacrificed by decapitation. Blood samples were collected into 
(i) EDTA bottles for hematological analysis and (ii) plain 
bottles for biochemical parameters. After 10 minutes, the 
blood sample for biochemical parameters was centrifuged for 
10 minutes. The serum was then carefully transferred with 
Pasteur pipettes into cleaned labeled sample bottles and 
stored at 20 oC until required 17. 

2.4 Biological parameters analysis  

The Biuret method for estimating serum total protein was 
employed 18. BCG (Bromocresol green) was used to measure 
serum albumin content according to Doumas and Biggs 19. 
Globulin was calculated by subtracting total protein from 
albumin according to Whiteside et al. 20. Serum urea was 
assessed using the colorimetric method 21 while flame 
photometry and atomic absorption spectrophotometry 
analyzed serum mineral components 22. Cynomethemoglobin 
was used to analyze Hb 23. Packed cell volume (PCV) and 
white blood cells (WBC) were measured using Linne and 
Ringsrud's techniques 24. 

2.5 Ethical consideration 

All applicable international, national, and/or institutional 
guidelines for the care and use of animals were followed and 
the study was approved by a research ethics committee at the 
institution or practice at which the studies were conducted. 
The ethical approval obtained from the study was obtained 
from the Animal Care Use and Research Ethics Committee 
(ACUREC). University of Ibadan. With the assigned 
number: UI-ACUREC/17/0040. 

2.6 Statistical Analysis 

The data were analyzed using Statistical Package for Social 
Sciences (SPSS version 20.0). Samples were analyzed in 
triplicate. Descriptive statistics such as range, mean, standard 
deviations, and percentages were carried out, and the 
inferential statistics t-test was considered significant at p < 
0.05. 
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3 Results 
The nutritional composition of the developed therapeutic 
food is presented in Table 1. The calorific value of the 
developed therapeutic food was ≈ 390 ± 29 Kcal, with a 

protein value of 20.83 ± 3.68 %. The fat and carbohydrate 
contents represented 7.20 ± 1.93 % and 60.56 ± 12.73 % of 
the total calories respectively. Furthermore, the Na, Mg and 
K have 235.5 ± 2 mg/100 g, 290.5 ± 2 mg/100 g and 827.5 
± 3mg/100 g contents respectively. 

The anthropometric measurement of weight and tail length 
are presented in Tables 2 and 3. The weight gain of the 
weanling albino was monitored over time every 7 days till 
the end of the study. Group C fed with the normal rat 
pellets had a weight gain of 47.40 ± 1.60 g, group B fed with 
the corn starch only had the least weight gain of 42.90 ± 
2.70 g. A statistically significant difference (p = 0.040) was 
observed in the weight gain of group A which was fed with 
the therapeutic food as they had the highest weight gain 
(83.16 ± 9.29 g) across the three groups. The tail length as a 
parameter for growth was assessed in the rats. Group A had a 
longer tail length with a difference of 0.66 ± 0.34 cm 
compared with group B's tail length difference of 0.45 ± 

0.02 there is no statistical significance between the tail 
lengths of each group. 

 

 

Hematological parameters  

The results of packed cell volume, red blood cells (RBC), 
WBC, lymphocytes, neutrophils, monocytes, eosinophils, 
and hemoglobin levels of the weanling albino rats before and 
after the intervention are presented in Table 4.  

The result showed that the average PCV value and the 
hemoglobin value (Hb) before and after the intervention 
across the groups had uniform progressions in value. 
However, the experimental group B fed with the corn starch 
had the least PCV count with a value of 34.60 ± 0.67 % 
from 33.80 ± 1.10 % after being fed with the corn starch. 
The changes in the RBC values were more prominent in the 
control group from 5.60 ± 0.15 x106 µ/L to 6.45 ± 0.20 
x106 µ/L followed closely by the experimental group B fed 
with corn starch only with a value of 5.50 ± 0.24 x106 µ/L, 
to 5.92 ± 0.20 x106 µ/L; while the experimental group B fed 
with the corn starch had the least increase in the RBC value. 
The difference in the RBC count across the groups was more 
notable among the Control group and experimental group A 

Table 1. Proximate analysis and mineral composition of therapeutic diet produced 

     Sample ID 
% 

Moisture 
Content 

% 

Protein 

% 

Fat 

% 

Fiber 

% 

Ash 

% 

Carb 

Energy 

(Kcal) 

Na 

(mg/100g) 

Mg 

(mg/100g) 

K 

(mg/100g) 

Fo
rm

ul
at

ed
 

th
er

ap
eu

tic
 

fo
od

 

 

8.82 ± 1.63 20.83 ± 3.68 7.20 ± 1.93 2.61 ± 0.33 2.59 ± 0.12 60.56 ± 12.73 390.36 ± 28.56 235.5 ± 2 290.5 ± 2 827.5 ± 3 

Abs: absence; Carb: Carbohydrates 

Table 2. Weight gain of the weanling Albino rats after feeding 
with formulated food 

Groups Weight Weight gain p-value  

 Group A 
- Initial 
- Final 

 
35.34 ± 8.54 
118.50 ± 13.83 

83.16 ± 9.29 0.042* 

 Group B 
- Initial 
- Final 

 
39.10 ± 8.30 
82.00 ± 11.00 

42.90 ± 2.70 0.040* 

 Group C 
- Initial 
- Final 

 
68.60 ± 3.80 
116.00 ± 2.20 

47.40 ± 1.60 0.029* 

*Values are mean of 2 groups of 5 weanling albino rats each 
*Paired sample T-test Significant at the p<0.05 level 

Table 3. Tail length per group before feeding with formulated 
food and after feeding with formulated food 

Groups 
Tail length 

(cm) 
Difference 

(cm) 
p-value  

 Group A 
- Initial 
- Final 

 
11.77 ± 1.37 
12.43 ± 2.47 

0.66 ± 0.34 0.651* 

 Group B 
- Initial 
- Final 

 
11.38 ± 0.61 
11.43 ± 0.58 

0.45 ± 0.02 0.445* 

 Group C 
- Initial 
- Final 

 
13.50 ± 0.9 
14.05 ± 0.9 

0.55 ± 0.89 0.316* 

*Values are mean of 2 groups of 5 weanling albino rats each 
*Paired sample T-test Significant at the p<0.05 level 
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while the experimental group B fed with the cornstarch had 
the highest RBC count. The Control group had the least 
increase in the platelet value from 199720.71 ± 37470.74 
x109/L to 221000.00 ± 10946.33 x109/L while the 
experimental group B had the highest platelet count after 
feeding on corn starch for 28 days with values from 
124700.08 ± 13174.93 x109/L to 170900.00 ± 12537.46 x 
109/L, for the eosinophils, it was observed that the 
experimental group B had a reduction in the values from 
1.80 ± 2.00 % to 1.50 ± 0.22 % while the control group and 
the experimental group fed with the developed therapeutic 
food both had an increase in the values from 2.20 ± 0.33 % 
to 2.4 ± 0.40 % and from 2.33 ± 0.29 % to 2.83 ± 0.31 % 
respectively. 

4 Discussion 
The aim of this study was to produce a complementary food 
from millet, variegated grasshopper (Zonocerus variegatus) and 
soyabean and test the effectiveness of this novel food on the 
treatment of moderate malnutrition in weanling rats. 

In comparison with the UNICEF standard RUSF, the 
developed therapeutic food had more moisture content and 
higher protein value; while the UNICEF RUSF standard has 
a moisture content of less than 2.5 %, the higher fat content 
of 26 – 36 % and calorific value of 510 – 560 Kcal while the 
developed therapeutic diet has values of 8.82 ± 1.63 %, 7.20 
± 1.93 %, and ≈ 390 ± 29 Kcal respectively. While the 
Standard RUSF has a Sodium value of 270 mg/day and 
potassium value of 900 – 1400 mg/day higher in value than 
the developed formulated food sodium content of 235.5 ± 2 
mg/100g and potassium value of 827.5 ± 3 mg/100g. 

The moisture content reported by our study was 8.82 ± 1.63 
%, this value is similar to that reported by Yazew 25 for the 
developed RUTF2 which was 9.6 % Mazgebo et al. 26, 
reported a moisture content of 8.38 %, 5.2 %, and 6.8 %, for 
their samples. Our reported value was higher than the range 
reported by Gamede et al., 27 4.78 % to 5.31 %. It is essential 
to monitor the moisture level of meals and food products 
because excessive moisture contents can shorten the shelf life 
of the product by increasing the activity of microorganisms 
that cause microbial deterioration, which in turn results in an 
unpleasant odor and an unsatisfactory taste 26. The developed 
therapeutic food was reported to have a calorific value of 
390.36 ± 28.56 Kcal; a value lower than that of Yazew 25 who 
reported 642.4 kcal/100 g, 532.3 kcal/100 g, and 
513.2 kcal/100 g of the developed therapeutic food. The high 
protein content of the variegated grasshopper (Zonocerus 
variegatus) and the soybean could be attributed as the reason 
the protein value of the food was high. This indicates that the 
developed therapeutic food meets the protein requirement of 
children 1-3 years. Our study reported a crude fat content of 
7.20 ± 1.93 %. The findings align with those of Gamede et 

al. 27 who reported a range of 5.95 % to 9.94 % for crude fat 
content. These authors recorded the highest crude fat content 
in diet 6, which consisted of 60.0 % maize, 23.0 % pea, and 
17.0 % anchote, while the lowest content was found in diet 3, 
a blend of 45.0 % maize, 30.6 % pea, and 24.4 % anchote. 
The reported values in this study were lower compared to 
Solomon 28 findings, which ranged from 11.5 % to 24.8%. 
Solomon conducted research on complementary diets using 
various cereal crops and vegetable products, including maize, 
rice, soya beans, acha grains, benniseed, crayfish, carrot, 
Bambara groundnut, and garden egg. A standard RUSF 
should have a fat value of 26 – 36 % however our reported 
value was less than the accepted standard; 2.59 ± 0.12 % was 
the crude ash content of our formulated therapeutic food, and 
it is similar in value to the figures reported by Gamede et al.27, 
who reported that the crude ash content of the six formulated 
complementary diets ranged from 1.98 % to 2.99 %. Diet 1 
(27.7 % anchote, 45.5 % maize, and 26.8 % pea) contained 
the highest total ash content while diet 2 (13.5% anchote, 
28.7 % pea, and 57.8 % maize) contained the least ash 
content. As per the WHO/FAO guidelines 29, all the 
formulated diets examined in this study adhere to the 

Table 4. Comparison of hematological parameters across the 
groups 

Parameters 
Group C 

(Mean ± SEM) 
Group C 

(Mean ± SEM) 
Group C 

(Mean ± SEM) 
PCV (%) 
- Initial 
- Final 

 
34.20 ± 0.87 
38.30 ± 1.36 

 
32.30 ± 1.56 
34.50 ± 1.82 

 
33.80 ± 1.10 
34.60 ± 0.67 

HB (g/dL) 
- Initial 
- Final 

 
11.20 ± 0.28 
12.78 ± 0.49 

 
10.90 ± 0.65 
11.68 ± 0.63 

 
11.20 ± 0.24 
12.26 ± 0.27 

RBC (x106 µ/L) 
- Initial 
- Final 

 
5.60 ± 0.15 
6.45 ± 0.20 

 
5.20 ± 0.33 
5.71 ± 0.35 

 
5.50 ± 0.24 
5.92 ± 0.20 

WBC (103 µ/L) 
- Initial 
- Final 

 
6620 ± 292 
2960 ± 132 

 
7056 ± 780 
2767 ± 154 

 
6056 ± 240 
3266 ±154 

PLATELET  
(x109/L) 
- Initial 
- Final 

 
 

199720 ± 37470 
221000 ± 10946 

 
 

142000 ± 18111 
200166 ± 14321 

 
 

124700 ± 13175 
170900 ± 12537 

LYM (%) 
- Initial 
- Final 

 
63.40 ± 1.69 
58.30 ± 1.42 

 
64.56 ± 1.74 

61.83 ± 2.414 

 
65.10 ± 1.52 
58.60 ± 1.51 

NEUT (%) 
- Initial 
- Final 

 
31.70 ± 1.80 
37.1 ± 1.35 

 
31.33 ± 1.86 
34.33 ± 2.86 

 
31.00 ± 1.51 
37.00 ± 1.65 

MON (%) 
- Initial 
- Final 

 
1.70 ± 0.21 
2.2 ± 0.25 

 
1.78 ± 0.36 
2.0 ± 0.37 

 
2.10 ± 0.23 
1.80 ± 0.20 

EOS (%) 
- Initial 
- Final 

 
2.20 ± 0.33 
2.4 ± 0.40 

 
2.33 ± 0.29 
2.83 ± 0.31 

 
1.80 ± 2.00 
1.50 ± 0.22 

PCV packed Cell Volume, RBC red Blood Cell, WBC white Blood Cell, LYM lymphocytes, NEUT 
neutrophils, MON monocytes, EOS eosinophils, HB hemoglobin 
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recommended standards, which specify that the ash contents 
of complementary foods should not exceed five percent. 

As reported in the current study, the minerals assessed for in 
the therapeutic food developed were 235.5 ± 2 mg/100 g, 
290.5 ± 2 mg/100 g, and 827.5 ± 3mg/100 g. In comparison 
with the figures reported by Abeshu et al. 30, for calcium, iron, 
zinc, phosphorous, potassium, sodium, and magnesium, the 
formulated diet's mineral contents ranged from 225.45 mg/L 
to 261.32 mg/L, 11.48 mg/L to 12.61 mg/L, 2.73 mg/L to 
3.00 mg/L, 357.92 mg/L to 391.13 mg/L, 298.55 mg/L to 
332.63 mg/L, and 44.26 mg/L to 51.56 mg/L, respectively. 
Starting at six months of age, it is essential to supplement 
complementary foods with iron, zinc, phosphorus, 
magnesium, and calcium, as these nutrients have been 
identified as areas of concern 31-33. 

Phytate contents of the formulated diets ranged from 64.74 
to 72.15 mg/100 g. The oxalate contents of the formulated 
diets ranged from 37.46 to 44.82 mg/100 g. Tannin contents 
of the formulated diets ranged from 10.41 to 11.77 mg/100 
g reported by Gamede et al. 27 shows lower figures compared 
with the developed therapeutic food, 305 ± 25 mg/100 g, 
119.5 ± 20 mg/100 g, and 103.5 ± 20 mg/day for the tannin, 
phytate, and oxalate content respectively with only tannin 
values higher than the recommended value of 150 – 200 
mg/day. 

The weight gain of the experimental group is attributed to the 
quality of protein contained in the developed therapeutic 
food. A rat that had the highest weight gain after being 
induced with moderate acute malnutrition. 

According to the findings of quite a few nutritional studies, 
the majority of traditional complementary foods found in 
developing countries are low in the amount of protein and 
energy that they contain. Due to the prevalence of protein-
energy malnutrition, which has increased as a result of this 
nutrition issue, the rate of morbidity, mortality, reduced level 
of intellectual development has increased significantly 34-36. 
Therefore, to effectively combat protein-energy malnutrition, 
affordable, protein-rich, and energy-dense complementary 
food is a preferable alternative to costly imported 
complementary foods. As a result, the formulated diet that 
was used in this study can be considered appropriate for 
protecting children from suffering from protein-energy 
malnutrition. 

Umar et al. 17 reported that when compared, the Hb values 
for rats fed the MLMX; a diet composed of millet (60 %), 
groundnut (16 %), soybeans (16 %), crayfish (5 %) and palm 
oil (3 %) and MZMX; a diet composed of maize (60 %), 
groundnut (16 %), soy beans (16 %), crayfish (5 %) and palm 
oil (3 %) diet groups differ significantly (p < 0.05), and they 
are slightly identical to those for rats fed PC diets 
(Friscocream diet). Rats fed PC, MLMX, and MZMX diets 

had Hb levels between 12.0 g/dL and 17.5 g/dL, the higher 
iron content in the food component may be the cause of the 
higher Hb levels observed in rats fed PC, MLMX, and 
MZMX diets. Rats fed the MLA (100% millet) and MZA 
(100% maize) diets had Hb levels that were noticeably lower. 
This is consistent with the report from Umar, et al. 17. Rats 
fed the MLMX and MZMX diets had significantly (p < 0.05) 
higher PCV values than rats fed the PC diet. The results are 
within the expected range, according to Umar 17 it was also 
reported that rats fed MLMX and MZMX had higher PCV 
values than those fed MLA and MZA which may be related 
to the improved nutritional components. Similarly, the 
average PCV and Hb values in each group increased 
uniformly before and after the intervention. However, the 
experimental group B given corn starch had the lowest PCV 
count, with a value of 34.60 ± 0.67 % compared to 33.80 ± 
1.10 % after being fed corn starch. This can be ascribed to 
maize starch's low nutritional content. The changes in RBC 
values were more evident in the control group, from 5.60 ± 
0.15 x106 µ/L to 6.45 ± 0.20 x106 µ/L, followed closely by 
the experimental group B fed with maize starch exclusively, 
with a value of 5.50 ± 0.24 x106 µ/L, to 5.92 ± 0.20 x106 
µ/L. The difference in RBC count between groups was more 
pronounced in the control group and experimental group A, 
whereas the experimental group B fed with cornstarch had the 
greatest RBC count. The Control group had the smallest 
increase in platelet count from 199720.71 ± 37470.74 x 
109/L to 221000.00 ± 10946.33 x109/L, whereas the 
experimental group B had the highest platelet count after 28 
days of feeding on corn starch, with values ranging from 
124700.08 ± 13174.93 x 109/L to 170900.00 ± 12537.46 
x109/L. The indices for neutrophils, lymphocytes, and 
monocytes all followed similar trends; however, for 
Eosinophils, the experimental group B had a decrease in 
values from 1.80 ± 2.00 % to 1.50 ± 0.22 %, whereas the 
control group and the experimental group fed with the 
developed therapeutic food both had an increase in values 
from 2.20 ± 0.33 % to 2.40 ± 0.40 % and from 2.33 ± 0.29 
% to 2.83 ± 0.31 %, respectively. 

The strength of the study includes the utilization of a 
controlled experimental design, which helps establish a cause-
and-effect relationship between the complementary food 
formulation and the observed changes in hematological 
parameters. This design allows for better control of 
confounding factors and increases the internal validity of the 
findings also the study used a specific and standardized 
formulation of complementary food, consisting of millet, 
soybean, and grasshopper. This consistency in the 
composition of the food ensures that the observed effects can 
be attributed to the specific ingredients and their 
combination. Some limitation of the study includes the fact 
that the study provides insights into the effects on albino rats, 
direct human trials are necessary to determine the 
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applicability and potential benefits or risks of the 
complementary food formulation for human consumption 
also the use of a limited number of animals, which could 
impact the statistical power and generalizability of the results. 
Larger sample sizes are generally preferred to enhance the 
reliability and representativeness of the findings. The results 
obtained from the analysis are with animal models therefore 
it cannot be confirmed to be equivalent to the human 
population. The result provides with the evidence that local 
alternative therapeutic foods can be a viable alternative to 
locally address malnutrition in children under the age of five 
years as simulated with the weanling albino rats. Internal 
validity was ensured firstly by using a control group receiving 
an alternative diet, this helps to isolate the effects of the 
complementary food formulated by comparing to a reference 
group; Also, randomization was employed to assign the 
animals to different treatment groups this helps to reduce 
selection bias and ensure that any differences observed 
between groups are likely due to the intervention rather than 
pre-existing characteristics. The food samples used in the 
formulation of the diet is unique to the target population in 
the insurgency affected part of Nigeria this ascertain an aspect 
of the external validity of the study. The result cannot be 
generalized to the human population yet until further trials 
are conducted, hence the study would require further clinical 
investigation before being adapted to the human population. 

5 Conclusion 
With the evidence provided by the parameters assessed in the 
study, it can be concluded that the developed therapeutic food 
is efficacious in the treatment of malnutrition especially in 
weanling albino rats. 
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