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Abstract 

Proper nutrition is essential for good health, requiring a balanced diet and adequate micronutrient intake to ensure the immune 

system functions efficiently. Micronutrient deficiency weakens immunity and increases susceptibility to infections, morbidity, 

and mortality. Understanding the therapeutic potential of vegetables—specifically regarding bioactive phytochemicals (often 

classified as functional foods) and their nutritional value—reveals beneficial health effects that can be either preventive or 

therapeutic; key functional components include minerals such as iron, zinc, fluoride, calcium, and copper. This project focuses 

specifically on the minerals iron (Fe) and zinc (Zn), which are indispensable for life and play vital roles in various biological 

processes necessary for the organism's proper functioning. The research is justified by the study titled "Study of iron and zinc as 

functional components in immune-restoring food mixtures as an alternative for the treatment and prevention of malnutrition in 

Cochabamba, Bolivia." Methodologically, the objectives included: selecting raw materials., formulating immune-restoring food 

mixtures for experimental and control diets; and biologically evaluating these mixtures using experimental animals (Wistar rats). 

Mineral analysis of the immune-restoring food mixtures, as well as analysis of the experimental animals' organs (liver, thymus) 

and femurs, was conducted using Flame Atomic Absorption Spectrophotometry (FAAS). Mineral analysis of the immune-

restorative blends indicates good levels of iron, zinc, and calcium. The QCL blend stands out for its iron (8.58 mg) and calcium 

(142.45 mg) content, resulting from the combination of quinoa, cañahua, and powdered milk; the QAHH blend provides adequate 

zinc (4.89 mg) due to the inclusion of fava beans and beef liver; and the AAA blend—composed of amaranth, rice, oats, liver, 

and fava beans—shows iron and zinc levels similar to those of the other blends. In conclusion, the choice of ingredients directly 

influences the nutritional quality of the immune-restorative blends. Regarding mineral storage in the liver of experimental 

animals, the order was QCL > AAA > DP > QAHH for iron, and QAHH > AAA > QCL > DP for zinc; in the thymus, the order 

was AAA > QCL > QAHH > DP for iron, and QAHH > AAA > QCL > DP for zinc; and in the femur, the order was QCL > 

QAHH > AAA > DP for iron, and QCL > AAA > QAHH > DP for zinc. Overall, the results demonstrate effective storage of 

iron and zinc in the liver, thymus, and femur. 
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1. Introduction 

Currently, the nutritional status of children is a global pri-

ority, and numerous countries are implementing urgent strat-

egies to combat undernutrition and malnutrition. 

The main challenge is concentrated in rural areas, where 

childhood nutritional deficiencies are triggered by multifacto-

rial conditions. These include gaps in education regarding the 

nutritional value and functional components of foods, the so-

cial environment, economic limitations, cultural practices, and 

limited access to food, all of which contribute to childhood 

nutritional deficiencies. 

Linares (2025) states that childhood malnutrition in Latin 

America is a complex challenge driven by an interaction of 

social, economic, and health-related factors. Adequate nutri-

tion fundamentally contributes to the fulfillment of the right 

of children to enjoy the highest attainable standard of physical 

and mental health. Beyond this, malnutrition in all its forms 

affects human development, with consequences for the social 

and economic progress of countries [1]. 

Carbajal (2013) states that a nutrient is essential for main-

taining health; however, unlike other substances, it cannot be 

produced or synthesized within the body. Therefore, it must 

be provided in adequate quantity and quality through dietary 

foods to prevent certain diseases [2]. 

López and Suárez (2017) state that nutrients are substances 

that are normal components of the human body and foods, and 

their absence or reduction below a minimum threshold can 

lead to deficiency diseases [3]. 

Nutrients perform an essential function in life and the mainte-

nance of health, as stated by López and Suárez (2023) [4]. 

According to Quispe (2013), food mixtures are prepared us-

ing different foods and have shown high consumer acceptabil-

ity [5]. 

According to Rojas et al. (2010), there is currently consid-

erably greater interest in the use of Andean grains for the de-

velopment of nutritious food products [6]. 

de Ancos, Begoña, et al. (2016) mention that most plant-

based products are considered functional foods because of 

their high content of bioactive compounds [7]. 

Maares and Haase (2020) state that zinc deficiency is highly 

prevalent, along with deficiencies of iron, vitamin A, iodine, 

and selenium [8]. 

Iron and zinc deficiencies play a major role as public health 

problems. Iron deficiency is the leading cause of anemia 

worldwide. On the other hand, zinc deficiency is associated 

with growth retardation and increased morbidity from dis-

eases (Grandy et al., 2010) [9]. 

The objective of the present study was the “Study of Iron 

and Zinc as Functional Components in Immunorestorative 

Food Mixtures as an Alternative for the Treatment and Pre-

vention of Malnutrition in Cochabamba, Bolivia.” The meth-

odology included the selection of raw materials, processes for 

obtaining flours, formulation of the mixtures according to the 

nutritional requirements of the experimental animals, and their 

biological evaluation. The immunorestorative food mixtures 

were enriched with Andean grains, cereals, legumes, and ani-

mal protein, with the aim of obtaining adequate functional 

components to provide good nutritional value. In addition, 

iron, zinc, and calcium mineral analyses were performed on 

the immunorestorative food mixtures. 

The mineral analyses of iron and zinc, considered func-

tional components, were performed on the liver, thymus, and 

femur of the animals subjected to experimentation. 

Undoubtedly, these studies on the functional components of 

immunorestorative food mixtures will contribute to promoting 

healthy nutrition, healthy eating habits, and good health 

among the population. 

2. Methodology 

The research work was carried out at the Center for Food 

and Natural Products (CAPN), within the Nutrition Area of 

the Faculty of Science and Technology (FCyT) at the Univer-

sidad Mayor de San Simón (UMSS), following the steps de-

scribed below: 

A methodological design was followed as a structured strat-

egy based on the proposed objectives, comprising the follow-

ing specific steps and procedures. 

2.1. Raw Material Selection 

The selection and processing of the raw materials used to 

formulate the immunorestorative food mixtures were based on 

the following ingredients: a) Andean grains (quinoa, amaranth, 

and cañahua); b) cereals (rice and oats); c) legumes (dried 

broad beans); and d) animal protein sources (milk powder, 

beef liver, and chicken breast). These ingredients were se-

lected based on their protein-energy nutritional value, func-

tional components, accessibility, and low cost. Sugar and oil 

were added to adjust the energy content. The raw materials 

were obtained from local markets in the city of Cochabamba, 

Cercado (Figure 1). 

 
a) Andean grains (quinoa, amaranth, and cañahua). 

 
b) Cereals (rice and oats). 
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c) Legume (dried broad bean). 

 
d) Animal protein (milk powder, beef liver, and chicken breast). 

 
Other ingredients: Sugar Vegetable oil. 

Figure 1. The selection of the raw materials. 

2.2. Transformation of Raw Materials into 

Flours for Immunorestorative Mixtures 

It is based on modifying the physical structure of the ingre-

dients and improving their digestibility, particularly through 

heat treatments and grinding. 

2.2.1. Obtaining of Flour from Andean Grains 

(Quinoa, Amaranth, and Cañahua) 

Once the grains were selected and cleaned of impurities, 

they were individually crushed using an electric grain grinder 

to obtain toasted flours of quinoa, amaranth, and cañahua 

(Figure 2). 

 
Figure 2. Flowchart of the process for obtaining flour from Andean 

grains (quinoa, cañahua, and amaranth) b) Production of cereal 

flour (oats and rice). 

2.2.2. Obtaining of Cereal Flour (Oats and Rice) 

The cereals, oats and rice, were individually selected and 

cleaned, followed by crushing, milling, and toasting at 200°C 

for 5 minutes, obtaining a fine flour (Figure 3). 

 
Figure 3. Flowchart of the process for obtaining cereal flours (oats 

and rice). 

2.2.3. Obtaining of Legume Flour (Dried Broad 

Bean) 

The dried broad beans were received, selected, cleaned, and 

washed, followed by soaking in water for 12 h at 25°C for 

hydration. The beans were then cooked at 92°C for 30-45 min, 

dried in an oven at 60°C for 24 h, and milled to obtain cooked 

legume flour (Figure 4). 

 
Figure 4. Flowchart of the process for obtaining legume flour (broad 

bean). 

2.2.4. Obtaining Beef Liver and Chicken Breast 

Flour 

The beef liver and chicken breast were received, washed 

with water, cooked at 92°C for 5 min for the beef liver and 15 

min for the chicken breast, dried in an oven at 105°C for 24 h, 
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and milled to obtain cooked beef liver and chicken breast 

flours (Figure 5 and 6). 

 
Figure 5. Flowchart of the process for obtaining beef liver flour. 

 
Figure 6. Flowchart of the process for obtaining chicken breast flour. 

2.2.5. Obtaining the Final Immunorestorative Food 

Mixtures. 

The final immunorestorative food mixtures were prepared 

by mixing the different solid components (toasted flours of 

Andean grains, cereals, legumes, and foods of animal origin), 

together with oil and sugar as energy sources, according to 

their corresponding percentages. The components were ho-

mogenously mixed in a dry container to obtain the immu-

norestorative food mixtures. 

2.3. Formulation of Immunorestorative Food 

Mixtures 

The formulation of the immunorestorative food mixtures 

per 100 g of dry matter was based on quinoa, toasted cañahua, 

and milk powder, referred to as diet (QCL), with the addition 

of sugar. Diet (AAA) was formulated with amaranth, oats, and 

rice, together with chicken breast and beef liver, plus oil. Diet 

(QAHH) was composed of quinoa, oats, broad beans, and beef 

liver, plus oil. The reference standard diet (DP) was prepared 

using milk powder and cornstarch to supplement the energy 

content. 

The immunorestorative food mixtures and the standard diet 

were adjusted to 14% protein and 380-420 kcal of energy, us-

ing the corresponding foods based on the Bolivian Food Com-

position Table (2005) [10], according to the nutritional re-

quirements of the experimental animals and the objectives of 

the experimental design. This standardized method was estab-

lished in the Nutrition Area of CAPN. 

2.4. Biological Evaluation of the 

Immunorestorative Food Mixtures 

The biological evaluation of the immunorestorative food 

mixtures was conducted based on the method described by 

Pellet and Young (1980), using changes in body weight of 

growing animals. Wistar rats with an average body weight of 

60-65 g were used [11]. The animals were maintained under 

optimal conditions of temperature (20-25°C), relative humid-

ity (40-70%), and a 12 h light/12 h dark cycle (Fuentes et al., 

2008) [12]. 

The experimental animals (Wistar rats) were randomly as-

signed to groups of six, according to a Completely Random-

ized Design (CRD). They were housed individually in cages 

with wire-mesh floors that allowed feces to fall through, with 

a tray underneath for fecal collection. Each cage was identi-

fied according to the corresponding experimental diet, and 

daily data were recorded in the Experimental Animal Facility 

Laboratory of the Nutrition Area of CAPN, FCyT, UMSS 

(Figures 7-11). It should be noted that the biological evalua-

tion of the immunorestorative food mixtures was conducted to 

obtain the liver, thymus, and femur for subsequent analysis of 

iron and zinc minerals in each tissue. 

 
Figure 7. Wistar strain rats. 

 
Figure 8. Wire-mesh cage. 

 

105 C 

Ground 

24 h 

 ashing 

Cooking 

 rying  

92 C 15 min, 

Fine flour  
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Figure 9. Daily body weight of animals. 

 
Figure 10. Feces collection. 

 
Figure 11. Data collection. 

2.4.1. Biological Parameters 

To obtain the biological parameters, body weight gain 

(BWG) was determined by weighing the animals daily. The 

amount of feed offered and refused was also recorded to de-

termine feed intake by difference and to estimate the Protein 

Efficiency Ratio (PER). Feces were collected from the fif-

teenth day onward for fecal nitrogen analysis and calculation 

of apparent digestibility (%AD). 

BWG = Final weight − Initial weight 

PER = BWG (g) / g of protein consumed 

%A  = (NI − FN) / NI × 100 

NI = Nitrogen intake 

FN = Fecal nitrogen 

2.4.2. Dissection of Experimental Animals 

Once the experimental period of the biological evaluation 

was completed, the animals underwent a) dissection and b) 

extraction of the organs (liver and thymus) and right femur. 

The organs and femur were weighed and c) dried in a Binder 

oven at 105°C for 24 h, then milled and homogenized for min-

eral analysis, following the standardized method used in the 

Nutrition Area of CAPN (Figure 12). The procedures com-

plied with regulations on the protection of animals used for 

experimental and other scientific purposes (Royal Decree, 

2005) [13]. 
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a)  issection and extraction of organs. 

   
b) (Thymus-liver)  ight femur. 

 
c)  ried in an oven 

Figure 12. Dissection of experimental animals (liver-thymus) and femur, and drying. 

2.5. Mineral Analysis of the Immunorestorative 

Food Mixtures Study 

For the mineral analyses, a) acid digestion was first per-

formed using HNO3 (65% nitric acid) and hydrogen peroxide 

(H2O2, 30%) in a MULTIWAVE 3000 microwave oven (AN-

TON PAAR). The corresponding dilutions were subsequently 

prepared, followed by b) mineral analysis and determination of 

iron and zinc using a Flame Atomic Absorption Spectrometer 

(FAAS) (PERKIN ELMER), according to the standardized 

method used in the Mineral Analysis Laboratory of the Nutri-

tion Area of CAPN (Figure 13). 
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a) Acid digestion in a microwave oven 

  
b) Mineral analysis by FAAS. 

Figure 13. Mineral analysis 

2.6. Dissemination and Training on the Importance of Minerals as Functional Components in Food 

Security 

To disseminate the study on immunorestorative food mixtures, training workshops were conducted for women and mothers. 

The sessions focused on nutrition education and the use of these mixtures, supported by visual materials, banners, brochures, 

and educational handouts. All participants received a certificate of participation (Figure 14). 

   
a) Dissemination of immunorestorative food mixtures. 
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b) Participation 

   
c)  elivery of participation certificates 

Figure 14. Dissemination, training, participation. 

3. Results and Discussion 

3.1. Results of the Selection of Raw Materials 

for Immunorestorative Food Mixtures 

The raw materials selected based on their protein-energy 

nutritional content and functional components were: Andean 

grains (quinoa, amaranth, and cañahua), cereals (rice and oats), 

a legume (dried fava bean), and animal protein (milk powder, 

beef liver, and chicken breast), supplemented with sugar and 

oil to balance the energy content of each mixture and meet the 

energy requirements of the experimental animals. 

3.2. Results of the Process for Producing Flours 

for Immune-restoring Food Blends 

Based on appropriate unit operations—heat treatment, hy-

dration, and milling—to modify the physical structure of the 

ingredients and improve digestibility, three flours were ob-

tained: Andean grain flour, cereal flour, and legume flour. 

3.3. Results of the Formulation of 

Immunorestorative Food Mixtures 

The formulation results per 100 g of dry matter were: 14% 

protein and 380-420 kcal, based on research cited by Vargas 

et al. (2017) [14]. 

The immune-restoring food mixtures were: the QCL diet, 

based on quinoa, toasted cañahua, and powdered milk plus 

sugar (Table 1); the AAA diet, with amaranth, oats, and rice, 

chicken breast, and beef liver plus oil (Table 2); the QAHH 

diet, composed of quinoa, oats, dried fava beans, and beef 

liver plus oil (Table 3); and the Reference Diet (DP), prepared 

using powdered milk and cornstarch to supplement energy 

(Table 4). 

 

Table 1. QCL diet immunorestorative food mixture per 100 g DM*. 

Food Amount (g) Protein (g) Energy (Kcal) 

Quinoa 55 7,2 206,283 
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Food Amount (g) Protein (g) Energy (Kcal) 

Cañahua  20 3,0 77,944 

Milk powder 15 3,8 73,2 

White sugar 10 0,0 38,7 

Total% 100 14 396 

Q = Quinoa C = Cañahua L = Milk powder + White sugar 

Table 2. Immune-restoring food mixture (AAA diet) per 100 g DM*. 

Food Amount (g) Protein (g) Energy (Kcal) 

Amaranth 25 3,4 91,7325 

Rice 10 0,6 35,3 

Oats 15 2,079 56,4 

Chicken breast 20 4,7 49,2 

Beef liver 15 3,15 26,1 

Oil 15 0 132 

Total 100 14 391 

A=Amaranth, A=Rice, A=Oats, supplemented with chicken breast, beef liver, and oil. 

Table 3. QAHH diet immune-restoring food mixture per 100 g DM*. 

Food Amount (g)  Protein (g) Energy (Kcal) 

Quinoa 50 6,6 187,53 

Oats 20 2,8 75,2 

Fava bean 10 2,3 37,4 

Beef liver 10 2,10 17,4 

Oil 10 0 88 

Total 100 14 405 

Q = Quinoa A = Oats H = Dried fava bean H = Beef liver 

Table 4. Standard diet in 100 g/DM*. 

Food Amount (g) Protein (g) Energy (Kcal) 

Milk` 54 13.05 256.00 

Cornstarch 46 0.26 168.26 

Total 100 14 424 

Diet (DP) composed of powdered milk and cornstarch 
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3.4. Results of the Biological Evaluation of 

QCL, AAA, QAHH, and DP Diets Based on 

Immunorestorative Food Mixtures 

The results of the biological evaluation are observed in the 

biological parameters of Weight Gain (WG), Real Protein Ef-

ficiency (RPE), and the percentage of apparent digestibility 

(%Da). (Table 5) presents these results, reflecting the collec-

tion of organs (liver and thymus) and femurs for the corre-

sponding mineral analyses. The primary objective of the re-

search was to analyze iron, zinc, and calcium levels in im-

mune-restorative food blends, as well as iron and zinc levels 

in the organs (liver and thymus) and femurs. 

The results of the biological evaluation and the comparison 

of the results for each of the biological parameters (IP, REP, 

and %Da) of the experimental diets (Figures 15-17). 

Table 5. Biological parameters (IP, REP, %Da) of immunorestora-

tive food mixtures. 

DssIETS IP REP %Da 

DP 142,78 2,74 91,96 

QCL 153,04 2,57 89,64 

AAA 88,77 2,06 89,53 

QAHH 107,60 2,38 90,25 

 

 

 
Figure 15. Comparison of the IP biological parameter of immuno-

restorative food mixtures in QCL, AAA, QAHH, and DP diets. 

(Figure 15) shows that the QCL diet resulted in 153.04 g, 

followed by the standard diet (DP) with 142.78 g; these values 

exceed those of the QAHH and AAA diets (107.60 g and 

88.77 g, respectively). These results suggest that the QCL diet 

promoted a greater weight gain (IP) during the experimental 

period, whereas the AAA diet had the least effect on growth. 

 
Figure 16. Comparison of the REP biological parameter of immune-

restoring food mixtures in QCL, AAA, QAHH, and DP diets. 

The DP diet showed the highest value (2.74), followed by 

QCL (2.57), QAHH (2.38), and AAA (2.06); a value of 2 for 

REP indicates an optimal level for this parameter. The DP diet 

exhibited the highest value, signifying that the protein was uti-

lized with greater efficiency to achieve a superior REP; how-

ever, the QCL and AAA diets showed an REP similar to that 

of the DP diet (Figure 16). 

 
Figure 17. Comparison of the biological parameter %Da of immuno-

restorative food mixtures in QCL, AAA, QAHH, and DP diets. 

The apparent digestibility percentage (%Da) was high 

across all treatments, with values ranging from 89.53% to 

91.96%; the reference diet (DP) showed the highest value 

(91.96%), followed by QAHH (90.25%), QCL (89.64%), and 

AAA (89.53%) (Figure 17). 

3.5. Results of Mineral analyses (Iron, Zinc, and 

Calcium) of Immune-restoring Food 

Mixtures 

The iron (Fe), zinc (Zn), and calcium (Ca) results for the 

immune-restoring food mixtures QCL, AAA, QAHH, and the 

Standard Diet (DP) are presented in Table 6. 
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Table 6. Fe, Zn, and Ca results for the immune-restoring food mix-

tures QCL, AAA, and QAHH and the Standard Diet (DP). 

Diet Fe (mg) Zn (mg) Ca (mg) 

QCL 8.58 4.89 142.45 

AAA 7.01 3.84 44.16 

QAHH 7.75 4.81 43.20 

DP 0.48 1.65 494.09 

Table 6 and (Figures 18 and 19) regarding the immune-re-

storing food mixtures show that the mineral analysis results 

(iron, zinc) for the QCL, AAA, and QAHH diets surpass those 

of the DP. The QCL diet is observed to provide the highest 

levels of the functional components Fe, Zn, and Ca, followed 

by the QAHH diets (for Fe and Zn) and the AAA diet (with 

similar results for Fe and Zn); however, the DP reference diet 

stands out for its Ca content due to its powdered milk base. 

Overall, all three diets exceed the reference diet in their supply 

and content of Fe and Zn (it should be noted that the calcium 

analysis was performed only on the test diets). 

 
Figure 18. Comparison of iron (Fe) and zinc (Zn) content in of im-

mune-restoring food mixtures QCL, AAA, QAHH and the Standard 

Diet (DP). 

 
Figure 19. Comparison of calcium (Ca) content in immune-restoring 

food mixtures QCL, AAA, QAHH and the Standard Diet (DP) 

Regarding calcium results, DP outperforms the QCL, AAA, 

and QAHH diets because its formulation includes powdered 

milk. 

3.6. Results of Mineral Analyses (Iron and 

Zinc) in the Organs of Experimental 

Animals Fed Immune-restorative Food 

Mixtures 

3.6.1. Results of Mineral Analyses (Iron and Zinc) in 

the Livers of Experimental Animals Fed 

Immune-Restorative Food Mixtures 

The results of the iron (Fe) and zinc (Zn) mineral analyses 

in the livers of the experimental animals—fed the Standard 

Diet (SD) and the diets containing the immune-restoring food 

mixtures QCL, AAA, and QAHH—are shown in (Table 7). 

Table 7. Iron and zinc mineral content in liver (mg/100g). 

 Liver 

Diet Fe (mg/100g) Zn (mg/100g) 

DP 130,460 43,790 

QCL 176,29 68,05 

AAA 142,50 61,06 

QAHH 113,94 67,72 

3.6.2. Results of Mineral Analyses (Iron and Zinc) in 

the Thymus of Experimental Animals fed 

Immune-restoring Food Mixtures 

The results of the iron (Fe) and zinc (Zn) mineral analyses 

for the Standard Diet (SD) and the immuno-restorative food 

mixtures QCL, AAA, and QAHH are shown in (Table 8). 

Table 8. Iron and zinc mineral content in thymus (mg/100g). 

Thymus 

Diet Fe (mg/100g) Zn (mg/100g) 

DP 105,39 0,25 

QCL 166,04 161,75 

AAA 185,44 79,58 

QAHH 129,50 72,03 
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3.6.3. Results of Mineral Analyses (Iron and Zinc) in 

the Right Femur of Experimental Animals fed 

Immune-restorative Food Mixtures 

The results of the iron (Fe) and zinc (Zn) mineral analyses 

in the right femur for the Standard Diet (DP) and the immune-

restoring food mixtures QCL, AAA, and QAHH are shown in 

(Table 9). 

Table 9. Iron and zinc mineral content in the right femur (mg/100g). 

Right femur 

Diet Fe (mg/100g) Zn (mg/100g) 

DP 79,67 37,86 

QCL 158,58 134,11 

AAA 88,85 133,33 

QAHH 121,38 107,41 

3.6.4. Comparison of Iron and Zinc Results in 

(Liver-thymus) and the Right Femur of 

Experimental Animals Fed the Food Mixtures 

The QCL diet results in greater hepatic iron storage in ex-

perimental animals—surpassing the QCL > DP reference 

standard—due to the presence of iron-rich cañahua in its com-

position; the AAA diet follows, while the QAHH diet shows 

levels lower than those of the standard (Figure 20). 

 
Figure 20. Comparison of liver iron (Fe) in QCL, AAA, QAHH, and 

DP diets. 

The QCL diet results in higher zinc storage in the livers of 

experimental animals compared to the QCL > DP control diet; 

this is due to the diet's composition, which derives its zinc 

content from quinoa, cañahua, and powdered milk, whereas 

the zinc in the control diet comes from zinc-fortified milk 

(Figure 21). 

 
Figure 21. Comparison of zinc (Zn) in the liver for the QCL, AAA, 

QAHH, and DP diets. 

(Figure 22) Thymus iron content is reflected in the AAA 

diet—which has nearly double the level of the DP diet—fol-

lowed by the QCL and QAHH diets; all three experimental 

diets surpass the DP diet due to their specific components. 

 
Figure 22. Comparison of iron (Fe) in the thymus across QCL, AAA, 

QAHH, and DP diets. 

The results indicate that the QCL diet leads to higher zinc 

storage in the thymus of experimental animals—surpassing 

the QCL > DP pattern—due to the diet's composition; the 

presence of Zn in the pattern is attributable to Zn fortification 

of the milk (Figure 23). 

 
Figure 23. Comparison of zinc (Zn) in the thymus in the QCL, AAA, 

QAHH, and DP diets. 
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Regarding iron (Fe) content in the right femur, the results 

for the QCL diet exceed those of the DP diet, showing double 

the iron assimilation; the QAHH and AAA diets also show 

higher levels than the control, due to the composition of the 

experimental diets (Figure 24). 

 
Figure 24. Comparison of iron (Fe) in the right femur for the QCL, 

AAA, QAHH, and DP diets. 

(Figure 25) shows that the QCL diet results in higher zinc 

storage in the livers of experimental animals compared to the 

standard diet (QCL > DP); the same applies to the AAA and 

107.41 diets, due to their composition. 

 
Figure 25. Comparison of zinc (Zn) in the right femur or in the QCL, 

AAA, QAHH, and DP diets. 

3.7. Results of Outreach Regarding the 

Importance of Minerals as Functional 

Components Within Food Security 

The result is four outreach activities involving a total of 285 

mothers and women trained in the preparation of immune-re-

storing mixtures and the importance of minerals—specifically 

iron, zinc, and calcium—as functional dietary components. 

4. Discussion 

The theoretical formulations of the immune-restoring food 

mixtures and the standard diet—containing 14% protein and 

380-420 kcal per 100 g, based on the nutritional requirements 

of the experimental animals outlined in the methodology—

align with the formulations used in the research by Vargas et 

al. (2017) [14]. 

Numerous studies address various technological processes 

aimed at enhancing the nutritional value of foods (Carmody & 

Grangham, 2009 [15]). In the present study, thermal pro-

cessing techniques were applied to Andean grains and other 

products to improve the availability of nutrients—specifically 

protein, iron, and zinc—a finding consistent with Vargas 

(2020) [16]. 

de Ancos et al. (2016) state that most plant-based products 

are considered functional foods in their own right due to their 

high content of bioactive compounds [7]. 

For their part, Enríquez et al. (2022) emphasize the im-

portance of consuming functional foods and the benefits they 

provide for human health [17]. 

Functional foods are characterized by containing compo-

nents with biological activity within their matrix that are ca-

pable of improving consumers' health and well-being, as well 

as influencing the impact of food consumption on diseases. 

Consequently, the consumption of functional foods represents 

an alternative for improving health (Villagrán et al., 2022) 

[18]. 

Micronutrient deficiency directly affects nutritional status; 

during childhood, this leads to the development of various al-

terations in growth and developmental patterns (Acebo, G., et 

al. 2025) [19]. 

In this regard, Grandy et al. (2010) note that iron-deficiency 

anemia and growth retardation due to zinc deficiency remain 

major global health problems [9]. 

Regarding Andean grains, Rojas et al. (2010) note that the 

nutritional potential of quinoa, amaranth, and cañahua is ex-

ceptional; they are considered superfoods rich in iron, zinc, 

and calcium, far surpassing the mineral profile of common ce-

reals such as wheat or rice [6]. 

Inadequate intake of minerals such as iron and calcium is a 

problem that directly affects health, particularly in children 

and young women. It is estimated that up to 33% of the global 

population suffers from iron deficiency (Huaraca et al. 2021) 

[20]. 

Quinoa is currently undergoing a period of rapid expansion, 

as it holds great potential for improving the living conditions 

of populations in the Andes and the modern world (FAO, 2011) 

[21]. 

5. Conclusions 

1) Based on the objectives set and the results obtained in 

this research, the following conclusions are drawn: 

2) In conclusion, the raw materials selected were suitable 

for formulating and preparing the immune-restorative 

food blends. 

3) It is concluded that processing and transforming raw ma-

terials into flours for immune-restorative food blends 

improves bioavailability, digestibility, and nutritional 

http://www.sciencepg.com/journal/ijnfs
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quality. 

4) Regarding biological parameters, all three immune-re-

storative food blends exhibit excellent Relative Protein 

Efficiency (REP) and Apparent Digestibility (%Da); 

thus, they are composed of foods providing good pro-

tein-energy and mineral content, ensuring their suitabil-

ity for improving nutritional status. 

5) Mineral analysis of the proposed blends indicates that 

they contain significant proportions of iron, zinc, and 

calcium. Overall, all three diets surpass the reference 

standard in their iron (Fe) and zinc (Zn) content and con-

tribution. 

6) Analyses of minerals in organs (liver, thymus) and the 

femur demonstrate adequate bioavailability and signifi-

cant storage of iron and zinc—minerals considered func-

tional components. This suggests a positive impact on 

bodily and immunological reserves, considering the liver 

as the primary organ for metabolic storage, the thymus 

as linked to immune system strengthening, and the femur 

as associated with bone mineral density. 

7) It is concluded that the dissemination of information and 

training provided to women and mothers—who gained 

key knowledge regarding immune-restorative blends 

and the role of essential minerals (iron, zinc, and calcium) 

in functional nutrition—was successful. Strategically 

empowering this group, which drives household deci-

sions, ensures a direct impact on family food security 

and contributes sustainably to the adoption of better nu-

tritional habits. 

Undoubtedly, these studies on the functional components of 

immune-restorative food blends will help the population pro-

mote healthy nutrition, a healthy diet, and overall good health. 

6. Recommendations 

Based on the results and conclusions of this study, it is rec-

ommended to continue research aimed at identifying and char-

acterizing natural foods—particularly those derived from An-

dean grains and other food sources—that provide significant 

levels of minerals with functional potential. Such studies 

would enable the design and formulation of new food blends 

and products with adequate nutritional and functional value, 

capable of contributing to the strengthening of the immune re-

sponse and the prevention of nutritional deficiencies, espe-

cially in young children. 
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