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Cookie Enriched with Quinoa (Chenopodium quinoa) and Enzymatic Hydrolysate of Anchovy (Engraulis ringens) to Overcome Anemia and Malnutrition
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Iron deficiency anemia is a scourge that ravages the world and especially preschool children. In this regard, Peru is not immune to this problem, so this study aims to investigate the consumption of hydrolyzed anchovy cookies and anemia in children under 3 years of age in educational institutions in Chosica. The methodology used in the research was the quantitative approach and the instruments used were the blood count for the diagnosis of anemia and the daily consumption of cookies enriched with quinoa and enzymatic hydrolysate of anchovy. Their chemical, physical, and microbiological characteristics were analyzed, as well as the sensory evaluation.

Finally, the study included a more in-depth sensory evaluation of the cookies in order to prevent their rejection. The study then inferred that the addition of enzymatic hydrolysate of anchovy improves the nutritional value of the cookies. And, the inclusion of food education and the consumption of cookies enriched with anchovy hydrolyzate are barriers against the appearance of anemia. The results indicate that the hemoglobin level increased in all children and that the strategy of talks and workshops with parents, teachers and students is a positive strategy that has allowed the development of research with the participation of the actors in the educational process.
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Introduction
According to the World Health Organization, anemia is a disease in which the number of red blood cells, or the concentration of hemoglobin in red blood cells, is lower than normal, which mainly affects women and children. Worldwide, it is estimated that 40% of children aged 6 to 59 months, 37% of pregnant women and 30% of women aged 15 to 49 years suffer from anemia. 

Peru is no stranger to anemia and in this reality, the results of the 2019 Demographic and Family Health Survey (ENDES) showed that the national average was 40.1%. In Figure 1, it can be seen that the Puno Region has 70% anemia, being the center of origin of high Andean cereals such as quinoa (Chenopodium quinoa), kiwicha (Amaranthus caudatus), and cañihua (Chenopodium pallidicaule). These facts are incomprehensible in a country like ours, which is among the five most megadiverse countries in the world and has made important contributions to global agriculture and nutrition.
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One explanation for this phenomenon is that the media has imposed a dietary model based on processed foods called junk food. This is made worse by the fact that educational institutions direct the consumption of this type of food from school, leaving aside a diet based on natural and organic food products and the consumption of healthy foods produced by the community.

According to the first academic dialogue: Peruvian biodiversity products to prevent anemia, held on May 23, 2019 and organized by the Ministry of the Environment, anemia was defined as a condition that occurs when the hemoglobin index in the blood is below an expected limit and is insufficient to meet the needs of the body, which vary depending on age, sex, altitude above sea level where the person lives, and the different stages of pregnancy (Kanak M. et al, 2019; Getachew et al., 2019). Likewise, anemia can be caused by other nutritional deficiencies (including folate, vitamin B12, and vitamin A), acute and chronic inflammation, parasitosis, and hereditary or acquired diseases that affect hemoglobin synthesis and the production or survival of red blood cells (Odunlade et al, 2018).

At the mentioned event, we presented the research entitled: Cookies Enriched with Quinoa (Chenopodium quinoa), Tarwi (Lupinus mutabilis) and Moringa (Moringa oleífera) to raise the nutritional level of the first grade students of secondary education of the Felipe Santiago Estenos Educational Institution of Chaclacayo and the Pablo Patrón Educational Institution of Lurigancho - Chosica, and later we have included a Fish Protein Concentrate (CPP) obtained from the enzymatic hydrolyzate of anchovy (Engraulis ringens), yellowfin tuna (Thunnus albacares) and other species of our Peruvian sea.

In our country, two of the main causes of anemia are: low consumption of heme iron from animal sources, as well as the high presence of infectious diseases (Zavaleta and Astete, 2017). Consequently, anemia is accentuated by economic, social and cultural inequalities, which manifest themselves in poverty, poor housing conditions (especially with regard to access to water and sanitation), lack of knowledge of families about the importance of healthy eating and hygiene practices, among other factors (Zavaleta and Astete, 2017).

The validation of the cookie enriched with high Andean grains and enzymatic hydrolysate of anchovy was carried out at the Mis Angelitos I early childhood education institution. The classroom of 36-month-old children had 16 children. With the consent of the parents, permission was obtained to analyze the hemoglobin level at the beginning and end of the research, except for one child, because the family was vegan and therefore this child did not receive the cookie. After the scope of the project was explained, the parents signed the informed consent form.


Materials and Methods
Cookie Ingredients
The cookie enriched with enzymatic hydrolysate of anchovy, basically includes wheat flour (Triticum spp.), quinoa (Chenopodium quinoa), kiwicha (Amaranthus caudatus), cañihua (Chenopodium pallidicaule), essential oil of passion fruit (Passiflora edulis)
The preparation of the cookies was carried out according to the formulation worked on in validation research of cookies enriched with enzymatic hydrolysates of yellowfin tuna (Thunnus albacares) (Poma et al. 2023)

The biscuit was prepared in the product preparation laboratory of the Faculty of Agriculture and Nutrition and the physical, chemical and microbiological analyses were carried out in the Total Quality laboratory of the National Agrarian University La Molina (UNALM).

Enzymatic hydrolysate of anchovy
The anchovy hydrolysate production process consists of three main stages: a pre-treatment which consists of forming a homogenized water-muscle mixture (Khantaphant, Benjakul & Ghomi, 2011); a second stage, hydrolysis, in which the paste and the enzyme are mixed in a known ratio at a given time, pH and temperature; the enzyme is then inactivated by heat, generally at 90°C for 30 minutes. Finally, centrifugation separates the fatty phase from the protein phase and the latter is dried to obtain the hydrolysate (He et al., 2013).
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Determination of hemoglobin level 
It was carried out by staff from the Chosica Hospital, 15 children from the application school

Results and Discussion

Tabla 1
Results of the proximate analysis (Physical-chemical)
	Total Ash (g/100 g of original sample)
	1.6

	Crude Fiber (g/ 100 g. of original sample)
	0.9

	Fat (g/100 g of original sample)
	20.3

	Carbohydrates (g/100 g of original sample)
	59.6

	Moisture (g/100 g of original sample)
	7.6

	Protein (g/100 g of original sample) (Factor:6.25)
	10.9

	Total Energy (Kcal/100 g of original sample)
	464.7

	% Kcal. from Carbohydrates
	51.3

	% Kcal. from Fat
	39.3

	% Kcal. From proteins
	9.4



Tabla 2
Results of microbiological analysis
	Number of E. coli (NMP/g)
	Less than 1

	Number of Mohos (UFC/g)
	Less than 3 (Estimate)

	Number de Staphylococcus aureus (NMP/g)
	Less than 3

	Determination of Salmonella sp. (in 25g)
	Absence



Biscuits enriched with enzymatic hydrolysate of anchovy were subjected to a degree of acceptability using the hedonic scale with a panel of 15 consumers of preschool age.

Tabla 3
Acceptability level of biscuits enriched with enzymatic fish hydrolysate
[image: ]

Based on the results, the 36-month-old students who tasted the biscuits fortified with enzymatic hydrolysate of anchovy, the formula that has 8% have a higher acceptability compared to the biscuits fortified with 10 and 20% of enzymatic hydrolysate of anchovy. Regarding the acceptability, 93.33% of the tasters stated that they loved the biscuits that contained 8% of the enzymatic hydrolysate of fish.

Tabla 4
	Determination of hemoglobin level in children aged 36 months

	Hemoglobin Level (in g/dL)
	At the beginning of cookie consumption
	45 days after the start of cookie consumption

	10.6 a 11
	8
	2

	11.1 a 12
	4
	6

	13.1 or more
	3
	7

	Total
	15
	15



After 45 days of daily consumption of a 35-gram cookie fortified with anchovy enzymatic hydrolysate, all 36-month-old children increased their hemoglobin level, as the cookie enriched with anchovy enzymatic hydrolysate provided them with iron and amino acids from high Andean cereals such as cañihua, kiwicha and quinoa and free amino acids from the enzymatic hydrolysate of anchovy fillets.
Conclusions
One of the problems with the consumption of the cookie is the strong aroma given off by fish considered blue, such as anchovy, bonito, tuna and others, due to fatty acids such as omega 3. These fish have more fat than the so-called white fish, as they prefer cold waters, but these fats are healthy to the extent that they are predominantly unsaturated, that is, heart-healthy, since they have a large contribution of fatty acids, including the highly prized omega 3 that has the power to reduce cholesterol and triglycerides in the blood. Enzymatic hydrolysate of fish provides high-quality proteins, since it contains all the essential amino acids, especially lysine, essential for the growth of children and tryptophan, which helps regulate serotonin levels in the brain, therefore, calming and promoting sleep.

The acceptability test of the biscuit determined that the maximum content of enzymatic fish hydrolysate in the biscuit was 8%, so that children would consume the biscuit without being rejected by the strong smell and taste of blue fish. The biscuit was also validated in other settings such as school fairs and craft fairs in different locations in Peru and practice advises that between 5 and 6% of the enzymatic fish hydrolysate ensures the consumption of the biscuit, as some people have more developed taste buds and are more sensitive to the characteristics of the aroma of fish.

The daily consumption of a 35-gram cookie allows children to increase their hemoglobin levels, but it is necessary to carry out workshops and training with parents, teachers, local and regional authorities and students, on healthy eating habits and food education., 
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I dislike it very 

much

1 1 6.7 1 6.7 0 0

I didn't like it 2 1 6.7 1 6.7 0 0

Indifferent 3 1 6.7 1 6.7 0 0

I liked it 4 9 59.9 1 6.7 1 6.7

I loved it 5 3 20.0 11 73.3 14 93.3
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