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Food sustainability in the world requires food with good nutrient characteristics for the population, mainly for the
first years of the life of people (children). Peru is a privileged country in the production of varied and nutritionally
important foods. The objective of the research was the formulation and preparation of a nutritious food based
on Andean products: yellow potato (Solanum tuberosum), kiwicha (Amaranthus caudatus), quinoa
(Chenopodium quinoa), tarwi (Lupinus mutabilis) and soybean (Glycine max). Mixit-2 feed formulation software
from Agricultural Software Consultants Inc. was used in the formulation of this feed, and it was prepared with
the processes of milling, drying, mixing and packaging. The final fortified feed was composed of 25 % yellow
potato, 13 % kiwicha, 12 % quinoa, 8% tarwi, 17 % soybean, and additives of sugar, flavoring, stabilizer,
antioxidant, and salt. It was verified that the fortified feed complied with the specifications indicated by
FAO/WHO/UN and nutrients required by the Peruvian National Health Institute (INS), presented a protein
efficiency (PER) of 2.20, digestibility of 88% and chemical computation of 91 %. As for microbiological
characteristics, it presented levels within those recommended by FAO. Also, in the test of a panel of children, it
was obtained that 78.31 % gave their acceptance and preference for the consumption of the food. Therefore,
the fortified food obtained can be used in the feeding of children, constituting an alternative food with a good
nutritional level.

1. Introduction

In Latin America, there is chronic malnutrition in 43 % and anemia in 43.5 % of children under 5 years of age,
most of them coming from poor households (Barrutia et al. 2021). Child malnutrition is one of the main public
health problems in Peru in places of low economic level, the World Health Organization considers acute
malnutrition when the prevalence exceeds 20 % (Navarrete et al., 2016), are the preschool or infant population
the most vulnerable groups especially in rural areas (Perdomo et al., 2019), since they are children in growth
and development, whose energy, protein and other nutrient requirements are relatively high compared to other
groups that make up society (Santamaria, 2004). This is the most important stage of the human being because
the central nervous system grows and develops until the first five years of life (Arrunategui-Correa, 2016),
influencing the performance and cognitive performance of the brain (Carrero et al., 2018), it is the end of
neurological development (Osorio et al., 2018). Therefore, any nutritional disorder or deficiency would cause a
significant reduction in the child's physical activity (Ortiz-Andrellucchi et al., 2006), limiting their learning and
stimulation possibilities, and causing potentially irreversible negative consequences in physical and mental
development (Alonso et al., 2007) which, compromises the future of humanity. Malnutrition is responsible for
about 45% of child deaths (WHO, 2021). Malnutrition is responsible for about 45% of child deaths (WHO, 2021),
a product of poverty (Flores et al., 2015), low nutritional culture (Sobrino et al., 2014) and food dependence; in
Peru, malnutrition exists despite having Andean products with high nutritional potentials such as yellow potato,
kiwicha, quinoa, tarwi and soy, which can replace high-cost powdered milk in the food diet (Arrunategui-Correa,
2016). Twenty - five percent of preschool children are undernourished (INEI, 2015).
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One of the alternatives to alleviate this nutritional problem is the elaboration of an enriched food using Andean
crops of high nutritional value available in the markets of the Sierra region (Collazos et al. 1996), easily digestible
and sensorially acceptable (Alvarez et al., 2008), in order to give the children population, the opportunity to
improve their quality of life in the short term and to extend this food to other Andean peoples with the same
problem. The objective of this research is to obtain food enriched with Andean products and soy to improve the
quality of life of preschool children.

2. Methodology
2.1 Chemical composition of Andean and soybean products

The chemical composition of yellow potato, kiwicha, quinoa, tarwi and soybean was determined using the official
methods of the Association of Official Agricultural Chemists - AOAC (AOAC, 2016) expressed in g/100g of
product. The essential amino acid composition was determined using FAO/WHO/UNU methods
(FAO/WHO/UNU, 1985).

2.2 Pretreatment of raw materials

Each of the raw materials was pre-treated for its subsequent use, with different processes.

The kiwicha: it was subjected to the processes of weighing, washing, drying (at 40°C for 3 h), pre-toasting (at
100°C for 3 min), milling and packaging.

For quinoa: Weighing, desaponification (washing at 25°C several times), drying (at 60°C for 4 h), pre-roasting
(150°C for 3 min), milling and packaging.

For Tarwi: Weighing, sorting and grading, hydration (with a tarwi/water ratio of 1:4), pre-cooking (at 98°C for 45
min), peeling (cooled to 35 to 40°C), debittering (washing with water 1.4 L/min), drying (at 55°C for 8 h), milling
and packaging.

For soybeans: Weighing, sorting and cleaning, breaking and dehulling, soaking (1:5 ratio for 8 hours), pre-
cooking, drying (at 60°C for 6 h), milling and packaging.

For yellow potatoes: Weighing, sorting and grading, washing, peeling, trimming, cutting, sulphiting (with 0.1%
sodium metabisulphite), cooking, pressing and packaging.

2.3 Fortified food formulation methods

The formulation of the "fortified feed" was carried out using Mixit software in the Mixit-2 version of Agricultural
Software Consultants Inc., which since 1979 has been developing formulations of feed diets using linear
programming to calculate the lowest cost rations from the available feed and at the same time satisfy the
nutritional needs.

2.4 Elaboration of the fortified food

This process followed the following steps:
2.4.1 Weighing
Each of the components was weighed according to the calculated proportions.
2.4.2 Mixing
The components were homogenized with the addition of cold-boiled water to achieve the total soluble solids
calculated for the different mixtures. The amount of water added was calculated with Eq(1)

X= ((HSf(Wp+Wk+Wq+Wt+WS)—(WpHp+WKHk+WqHq+WtHt+WsHs)) 1)

(100-HSf)

Where: HSf: Moisture content of the final suspension (%)

Wp, Wk, Wq, Wt, Ws: Weight of pressed cooked potato, the weight of kiwicha, quinoa, tarwi

and soybean flours, respectively.

Hp, Hk, Hg, Ht, Hs: Moisture content of cooked pressed potato, moisture content of kiwicha,

quinoa, tarwi and soybean flours, respectively.
2.4.3 Colloidal Milling
It was carried out with the purpose of homogenizing the particles of the conditioned raw materials determined
by several preliminary tests (Cheftel and Cheftel, 1999).
2.4.4 Dehydration
Aroller dryer was used. Preliminary tests were carried out to define the drying parameters, evaluating two steam
pressures (38 and 40 Ib/in?), two roller rotation speeds at 3 and 3.5 rpm and two total solids concentrations of
18 % and 20 %, respectively, see Figure 1.
The process consisted of taking proportions of potato (25), kiwicha (13), quinoa (13), tarwi (08) and soybean
(17) and mixing it, then dividing it into two parts. The first part was taken to the colloid mill with 18% total solids,
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after which one part was taken to the roller dryer at 30 psig and 3 rpm, and the other at 40 psig and 3.5 rpm;
the second part was taken to the colloid mill with 20% total solids and then to the roller dryer at 38 psig and 3
rpm and the rest at 40 psig and 3.5 rpm. In the end all the parts are taken to the roller mill, mixed and packaged.
2.4.5 Milling

The dehydrated products obtained were subjected to fine grinding to form flour in order to uniform the particle
size.

2.4.6 Mixing

Once the instant mix was milled, sugar, pre-mix, vitamins and minerals, antioxidants, stabilizer, salt and vanilla
flavor were added. A coil mixer with a capacity of 100 kg was used for 10 minutes.

2.4.7 Packaging

The product obtained is immediately filled in 1 kg high density polyethylene bags and sealed with a Thimonier
sealer type JT 169, France.

2.4.8 Storage

Product is stored in paper bags.

For a better visualization of the process, Figure 1 is shown.

Mashed potatoes (P): 25 % kiwicha flour (K): 13 % quinoa flour (Q): 12 % Tarwi flour (T): 8 % Soya flour (S): 17 %

\ I | 1

Mixed

Suspension

Water to adjust the total solids content ~ — Homogenize to 0.75 mm with a colloid mill

|

Roller Dryer

|

Steam at P=40psig, T=130 °C — Scales —
Water vapor and energy dissipation

Fine Grinding with Hammer Mill — Losses

Pre mix: Sugar, Antioxidant, stabilizer, flavoring and salt—— | Mix I

|
I Packing I
|
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[

. . Biological and microbiologi-
Physical and chemical analyses cal analyses Sensory analyses

Figure 1: Diagram of the fortified food manufacturing process.

2.5 Characterization of the fortified processed food

The elaborated product, called "fortified food", was subjected to the characterization of moisture, protein, fat,
crude fiber, ash and carbohydrates, following the standard procedures of the AOAC.

The percentage of gelatinization was also determined according to the method of the National Center for Food
and Nutrition of Peru-CENAN (CENAN, 2010), using Eq(2).
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% Gl mg Glucose in tube A 100 @)
= *
o Liucose mg Glucose in tube B

Where Tube A : is from the test food and Tube B is from the control food.

The fortified food was also subjected to microbiological analysis related to Escherichia coli (Escherich, 1885),
Streptococcus aureus (Rosenbach, 1884) and enumeration of fungi and yeast.

The fortified food was subjected to biological analysis, determining the Protein Efficiency Index (PER), related
to the average weight gain of those who consumed the feed for the amount of protein consumed (FAO/WHO/UN,
1985). The PER was calculated using Eq(3).

_ Weight gain (g) ?3)
"~ Proteins consumed (g)
PER: referring to the person consuming the fortified food.

PER

Digestibility analysis of the fortified food: Six 21-day-old male Holtzman rats with a live weight of 73 to 75 g were
placed in metabolic cages independently. They were fed 10 g of the experimental diet for seven days, the feces
were collected daily and the nitrogen content was determined using Eq(4).

N ingested — N fecal
S %100 @
N ingested
D= Digestibility, N= Nitrogen

Sensory Analysis: by means of the Facial Hedonic Scale of the final product, the acceptability attributes of the
fortified food were consulted. It was presented to untrained panelists, children from 2 to 5 years of age from a
Puquio Public Initial Educational Institution, Lucanas Ayacucho — Peru, explaining to them how to mark on the
evaluation card, for example marking a happy face indicates acceptability and a sad face indicates non-
acceptability (Valencia, 2016).

3. Results and discussion
3.1 Fortified food formulation

The formulation of the fortified food, carried out by the Mixit-2 software, resulted in the composition shown in
Table 1. Similarly, Table 2 shows the result of the analyses of the nutrients of the fortified food.

Table 1: Formulation of the food fortified with Andean products for preschool children, using Mixit-2 software

Components Percentage (%) Components Percentage (%)
Yellow potato 25.000 Tricalcium phosphate 0.500
Kiwicha flour 13.000 Pre-mix of vitamins and minerals 0.208
Quinoa flour 12.000 Vanilla flavor (Montana S.A.) 0.140
Tarwi flour 8.000 Antioxidant (Montana S.A.) 0.002
Soy flour 17.000 Stabilizer (Montana S.A.) 0.050
Sugar 23.800 Salt 0.300
Total 100.000

Table 2: Nutrients of the fortified food

Nutrients Quantity Nutrients Quantity

Protein 18.26 % Leucine 4.49 g/100g

Fat 8.97 % Lysine 3.90 g/100g
Fiber 3.31% Met+Cist 1.47 g100g

Ash 3.02% Threonine 2.54 g/100g
Nitrogen Free Extract 66.44 % Tryptophan 0.72 g/100g
Metabolizable Energy 419.50 kcal/100g  Valine 3.14 g/100g
Phenyl + Tyrosine 4.98 g/100 g Calcium 500.00 mg/100g
Histidine 1.44 g/100g Available Phosphorus  257.73 mg7100g

Isoleucine 2.87 g/100g
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3.2 Essential amino acids in fortified food

The amino acid content of the processed food is presented and compared with a standard of these components
on a dry basis recommended by FAO (1994), see Table 3.

Table 3: Amino acids of the fortified food, dry basis

Amino acids Fortified Food For FAO/WHO/UNU/WHO Compute
(g aa/100 g protein) (g aa/100 g protein) Chemist * (%)

Phenylalanine + Tyrosine 7.5 6.3 119
Histidine 3.0 1.9 157
Isoleucine 4.4 2.8 157
Leucine 7.0 6.6 106
Lysine 5.8 5.8 100
Methionine + Cystine 2.2 25 91
Threonine 3.8 34 112
Tryptophan 11 1.1 100
Valine 4.8 3.5 137

aa: amino acids * Ratio between the percentage of amino acids of the fortified food with respect to a standard (FAO) (must
be greater than 85%).

3.3 Chemical composition of the fortified food

In the chemical composition of the fortified food, the total energy of 209.0 kcal stands out, presenting a protein
level above the requirements of the Peruvian National Health Institute (INS), for its Pre-school Feeding Program;
with a fat content very close to that requested, carbohydrates within the range and with a chemical count above
the minimum established, see Table 4.

Table 4: Chemical composition of the fortified food

Components Enriched food Technical specifications for food mixtures (INS)
Total energy 209.0 kcal 200.0 kcal (minimum) and 230.0 kcal (maximum)
Protein 17.5 % Total energy 13 - 15% Total energy

Fat 19.2 % Total energy 20 - 35% Total energy

Carbohydrates 63.3 % Total energy 53 — 70% Total energy

Chemical compute 91.0 % Total energy 85.0 % (minimum)

3.4 Gelatinization, physicochemical, physicochemical, microbiological, and biological characteristics
of the fortified food

It was determined that the fortified feed presents the best characteristics when dried by rotary drum at 130 °C
with a steam pressure of 40 psig, and at 3.5 rpm of angular speed of the rollers, for 20 % of total solids. It
presented 94.5 % gelatinization and 5 % humidity, results very similar to the technical specifications established
by the INS of Peru, which indicates 92 % gelatinization as a minimum value and 5 % humidity.

The microbiological analysis reported: viable mesophilic anaerobes 9 x 102 CFU/c, coliforms 2 NMP/g, with the
absence of Escherichia Coli, Staphylococcus aureus, molds and yeasts. FAO in its specifications indicates for
mesophilic anaerobes the level of 9 x 104 CFU/c, for coliforms 20 NMP/g, and absence of E. coli, S. aureus,
molds and yeasts; therefore, the fortified feed complies with these specifications.

Also in the biological evaluation, the formulated fortified feed had a PER of 3.20 higher than casein (standard)
which has a PER of 2.54 and a digestibility of 88 %, very close to that of casein which is 91 %.

Regarding sensory acceptance, the result in a panel of children was that 78.3 % of them accepted the fortified
feed, similar to the product enriched with acai flour (Amaral et al., 2020).

4. Conclusion

We were able to obtain a fortified food using Andean products composed of potato, kiwicha, tarwi and quinoa
supplemented with soy, with optimal nutritional characteristics for feeding students in early school age, and that
meet the specifications of the Pre-School Feeding Program of the National Institute of Health of Peru (INS-Peru)
and specifications of FAO-WHO. This fortified food is an alternative food in Andean communities due to its low
economic cost, thus contributing to achieving one of the sustainable development objectives, for the benefit of
the population at an early age.
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