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Abstract

Agroindustrial and domestic waste obtained from fruit and vegetable processing repre-
sents a nutritious, economical, and environmentally friendly raw material. These wastes
have attracted attention because they are considered a good source of bioactive com-
pounds such as polyphenols, carotenoids, and dietary fiber. Therefore, the combination of
vegetable waste, legumes, and/or cereals could provide an alternative for both health and
the environment. The objective of this research was to develop various products from the
combination of vegetable waste, legumes, and/or cereals, verifying their acceptance and
nutritional contribution. The work was carried out with pineapple shells, as well as lettuce
waste from municipal markets and local juice and salad stores. These wastes were disin-
fected, dried, and ground to form homogeneous flours. The raw materials were selected
and evaluated for their sensory acceptance and physicochemical composition. Chorizo-
type sausage formulations were obtained with lettuce flour or pineapple shell/soy flour,
and biscuits and pasta with lettuce flour or pineapple shell/wheat flour. Most products
presented good sensory acceptance on a 9-point hedonic scale and showed an improve-
ment in nutritional value compared to products without substitutions. Hence, plant waste
could be transformed into valuable raw materials for nutrient recovery, becoming usable
by-products. According to our results, the addition of these flours at concentrations of 10
to 20% could provide additional nutritional value, but further research is needed to im-
prove their acceptability.

Keywords: sustainability, legumes, food waste, novel foods

Navarro-Cruz AR, Vera-Lépez O, Lazcano-Hernandez M, Juarez-Serrano D, Kammar-Garcia A,
Cesar-Arteaga |, Cortés-Lozada A, Toquero-Franco A, Quezada-Figueroa G, Segura-Badilla O.
Sustainable food production: recovering plant waste and incorporating it into food products.
Agrociencia Uruguay [Internet]. 2025 [cited dd mmm yyyy]; 29(NE1):e1598.

Doi: 10.31285/AGR0.29.1598.


https://orcid.org/0000-0002-9406-611X
https://orcid.org/0000-0001-7237-0607
https://orcid.org/0000-0003-2149-951X
https://orcid.org/0000-0002-2217-4891
https://orcid.org/0000-0002-3875-0945
https://orcid.org/0009-0000-6453-1781
https://orcid.org/0009-0000-9461-131X
https://orcid.org/0009-0000-2986-6367
https://orcid.org/0000-0003-3079-5193
https://orcid.org/0000-0002-3540-7703
https://ror.org/03p2z7827
https://ror.org/03p2z7827
https://ror.org/04dndfk38
mailto:osegura@ubiobio.cl
https://orcid.org/0000-0003-0320-2970

4, Navarro-Cruz AR, Vera-Lépez O, Lazcano-Hernandez M, Juéarez-Serrano D, Kammar-Garcia A, Cesar-Arteaga |,
Cortés-Lozada A, Toquero-Franco A, Quezada-Figueroa G, Segura-Badilla O

Produccion sostenible de alimentos: Recuperacién de residuos vegetales e
incorporacion a productos alimenticios

Resumen

Los residuos agroindustriales y domésticos provenientes del procesamiento de frutas y hortalizas representan una ma-
teria prima nutritiva, econdmica y respetuosa con el medio ambiente. Estos residuos han despertado interés por consi-
derarse una buena fuente de compuestos bioactivos como polifenoles, carotenoides vy fibra dietética. Por lo tanto, la
combinacion de residuos vegetales, legumbres y/o cereales podria ofrecer una alternativa tanto para la salud como para
el medio ambiente. El objetivo de esta investigacion fue desarrollar diversos productos a partir de la combinacién de
residuos vegetales, legumbres ylo cereales, verificando su aceptacion y aporte nutricional. El trabajo se realizd con
cascaras de pifia y residuos de lechuga provenientes de mercados municipales y tiendas locales de jugos y ensaladas.
Estos residuos se desinfectaron, secaron y molieron para formar harinas homogéneas. Las materias primas se selec-
cionaron y evaluaron en cuanto a su aceptacion sensorial y composicién fisicoquimica. Se obtuvieron formulaciones de
chorizo con harina de lechuga o de céscara de pifia’harina de soya, y galletas y pastas con harina de lechuga o de
cascara de pifia/harina de trigo. La mayoria de los productos presentaron una buena aceptacién sensorial en una esca-
la hedénica de 9 puntos y mostraron una mejora en el valor nutricional en comparacion con productos sin sustituciones.
Por lo tanto, los residuos vegetales podrian transformarse en valiosas materias primas para la recuperacién de nutrien-
tes, convirtiéndose en subproductos aprovechables. Segun nuestros resultados, la adicion de estas harinas en concen-
traciones del 10 al 20 % podria aportar un valor nutricional adicional, pero se requiere mas investigacion para mejorar
su aceptabilidad.

Palabras clave: sostenibilidad, legumbres, desperdicio alimentario, nuevos alimentos

Producgao sustentavel de alimentos: Recuperacgao de residuos vegetais e sua
incorporagao em produtos alimenticios

Resumo

Residuos agroindustriais e domésticos do processamento de frutas e hortaligas representam uma matéria prima nutriti-
va, econdmica e ecologicamente correta. Esses residuos tém despertado interesse por ser considerados uma boa fonte
de compostos bioativos, como polifendis, carotenoides e fibras alimentares. Portanto, a combinagao de residuos vege-
tais, leguminosas e/ou cereais pode oferecer uma alternativa tanto para a satde quanto para o meio ambiente. O obje-
tivo desta pesquisa foi desenvolver diversos produtos a partir da combinacéo de residuos vegetais, leguminosas e/ou
cereais, verificando sua aceitagdo e valor nutricional. O trabalho foi realizado com cascas de abacaxi e residuos de
alface de mercados municipais e lojas locais de sucos e saladas. Esses residuos foram desinfetados, secos e moidos
para formar farinhas homogéneas. As matérias-primas foram selecionadas e avaliadas quanto a aceitagdo sensorial e
composicao fisico-quimica. Formulagdes de chourigo foram obtidas com farinha de alface ou casca de abacaxi/farinha
de soja, e biscoitos e massas com farinha de alface ou casca de abacaxi/farinha de trigo. A maioria dos produtos apre-
sentou boa aceitagdo sensorial em uma escala hedonica de 9 pontos e demonstrou melhora no valor nutricional em
comparagao aos produtos sem substituigdes. Portanto, residuos vegetais podem ser transformados em matérias-primas
valiosas para a recuperagao de nutrientes, tornando-se subprodutos utilizaveis. De acordo com nossos resultados, a
adi¢do dessas farinhas em concentragbes de 10 a 20% pode fornecer valor nutricional adicional, mas mais pesquisas
sao necessarias para melhorar sua aceitabilidade.

Palavras-chave: sustentabilidade, leguminosas, desperdicio alimentar, novos alimentos

1. Introduction

Food consumption satisfies biological needs, but the ways in which people eat vary significantly("). Alongside
this complexity, food waste has become a pressing issue, with global waste levels increasing annually. Coun-
tries such as China and India are responsible for more than 150 million tons of food waste@. Worldwide, it is
estimated that around 17% of total food production is thrown away, likewise resources such as water, land,
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energy and labor are lost(®). According to Food and Agriculture Organization (FAO) data, approximately one
billion tons of food was thrown away worldwide, of which Latin America is responsible for about 13%). In Mex-
ico, over 20 million tons of food are wasted annually, often unrelated to the shelf life of products. Reducing this
waste by more than 50% is a critical goal)(®).

Reducing food loss and waste in a circular economy strategy has important environmental (pollution reduction)
and economic (economic valorization of by-products) implications and supports the United Nations Sustaina-
ble Development Goals. It is important to recognize that waste is when something no longer has a use, and
residue is when it can be given a new use. To address rising global food waste, this study explores the devel-
opment of innovative food products utilizing composite flours derived from fruit and vegetable by-products.
Flour made from fruit and vegetable by-products presents a viable, low-cost solution for revaluing food waste.
Studies have demonstrated that these flours can be successfully integrated into various products, including
bakery items, dairy, meat, and extruded products(’). Many bakery products, however, contain drawbacks such
as high levels of fast-absorbing sugars, fats, and limited dietary fiber, making them highly caloric®. For this
reason, studies have been carried out on the effects of different vegetable flours such as broccoli, cauliflower,
artichoke, fennel, zucchini and mushroom added to gluten-free breads on sensory quality, antioxidant proper-
ties and glycemic response®.

The term composite flours was created in 1964 by the FAO, when the need to find a solution for countries that
do not produce wheat was recognized. The different types of flour (composite and/or alternative) aim to inno-
vate in their raw materials, to be an option to formulate foods that have specific regimes for the consumer and
that each of them has an added nutritional value('?. The technology behind composite flours has proven valu-
able in demonstrating that blending wheat flour with various types of cereal flours, legumes, tubers, roots, and
vegetables is highly effective in baking and biscuit production. Additionally, it is beneficial for combining corn
and sorghum flours to produce tortillas(*).

An important function of composite flours is that they can be used to reduce the use of wheat totally or partial-
ly, and their use is a complete innovation for the baking industry, pasta production, food supplements, cookies,
tortillas, among others, resulting in a great alternative to increase the nutritional value and quality of each
food('2, since the search for functional foods has grown steadily especially due to their potential to provide a
better state of health(3). Therefore the need to research and develop foods from the combination of plant
waste, legumes and/or cereals, verifying their acceptance and nutritional contribution.

2. Materials and Methods

2.1 Materials and Equipment Used for Product Development

Standard equipment for all three products was used to prepare the different foods, including an industrial
kitchen (Corial®), an oven (Digitop Turb Brasmig®), and a refrigerator (TorRey®). A stainless-steel biscuit
press (Marcato®) was used to shape the biscuits. An Atlas® machine (Marcato 150) was used to make the
pasta, with a thickness of 7 mm. A Rhino® laminator was used for the chorizos, and they were stuffed into a
33 mm collagen artificial sausage casing.

2.2 Lettuce Waste and Pineapple Shells

The shells and lettuce were sourced from local food establishments, including a municipal market, a juice shop
and street vendors selling juice and fruit in the city of Puebla, México (small-scale food processors). The waste
was collected at room temperature (as it is disposed of on-site) and placed in plastic bags. They were trans-
ported to the laboratory and disinfection was performed after removing items that showed visible signs of mi-
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crobiological or fungal deterioration. Once disinfected, it was kept refrigerated at 4 °C until it was processed to
convert it into flour.

2.3 Disinfection, Drying, and Grinding of Raw Materials

The raw materials were washed with soap and running water to remove contaminating residues and excess
dirt. A 200 ppm sodium hypochlorite solution was used as a disinfectant for 30 minutes at room temperature,
as it has the lowest microbial count in raw materials. The material was then rinsed with potable water and
drained for 15 minutes at room temperature on the dehydrator screens. The material was spread in even, flat
layers. The screens were placed in the 5-screed Excalibur® dehydrator at 60 °C for 18 hours, reducing the
humidity to 6-7%. Finally, the dried material was ground into flour using a Willey® mill (20 mesh). The resulting
flours were vacuum-packed in a Migsa® vacuum sealer.

2.4 Microbiological Analysis

Since the raw materials used in this research were waste products, ensuring their microbiological safety was of
utmost importance, so microbiological analyses were performed on the flours and formulated foods, including
tests for aerobic mesophilic bacteria, total coliforms, fungi, yeasts, Salmonella sp. and Escherichia coli, using
the pour plate method in accordance with the Mexican Official Standards(14)(15)(16)(17)(18),

2.5 Product Formulation

The different products (cookies, pasta, and chorizo) were prepared using standard techniques. For example,
for the cookies, a simple base formulation with minimal ingredients was selected. Once the dough was made,
it was left to rest for 15 minutes, and then the cookies were shaped and baked at 180 °C for 20 minutes. For
the pasta, the most well-known formulation of one egg per 100 g of flour was used. The pasta was dehydrated
for 4 hours at 60 °C in a 5-tray Excalibur dehydrator and stored in airtight bags until prepared. For the chorizo,
the standard ingredients were mixed and manually stuffed into carefully washed natural pork casings. The
base formulations are shown in Table 1. The addition levels of the different flours were selected based on
previous work(19), so that for each food product added with waste flour, additions of 5-20% were evaluated.

Table 1. Base formulation of the different foods to be supplemented with waste flour

Ingredients Cookies Pasta Chorizo-type sausage
Wheat flour 280 ¢g 100 ¢
Butter 125¢g -
Egg 50¢g 50¢
Sugar 109 -
Water 35ml -
Textured soy - - 200 ¢
Seasoning mix - - 2049
Apple cider vinegar - - 15ml

2.6 Proximate Analysis of Flour and Formulated Feeds

Flour and formulated products were characterized for moisture, ash, fat, protein, and crude fiber content fol-
lowing AOAC methods(20). Carbohydrates were determined by the difference of the sum of concentrations of
protein, fat, moisture, ash, and crude fiber.

4 Agrociencia Uruguay 2025;29(NE1):e1598
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2.7 Sensory Evaluation

A nine-point hedonic scale was used to determine product acceptance(!). Evaluations were conducted in a
food laboratory with 30 untrained panelists aged 20-35 years, under conditions of adequate ventilation, room
temperature (23-25 °C) and natural lighting. To participate, information about the products to be tasted was
provided and signed informed consent was requested. The scale used was: 9= | like it very much, 8= | like it a
lot, 7= | like it, 6= 1 like it a little, 5= | neither like it nor dislike it, 4= | dislike it a little, 3= | dislike it, 2= | dislike it
a lot, 1= | dislike it very much. Panelists were provided with drinking water to rinse between each tasting. The
parameters evaluated were taste, smell, texture, color, and overall appearance.

2.8 Statistical Analysis

Data obtained from sensory evaluations and bromatological analyses were analyzed using descriptive and
inferential statistics. The mean and standard deviation (SD) were calculated for each quantitative variable.
Comparisons between the three treatment groups (pineapple, lettuce, and control) were performed using one-
way analysis of variance (ANOVA). When significant differences were identified, post hoc comparisons were
used to determine which groups exhibited such differences, using superscript letters to indicate statistical dif-
ferences. The significance level was set at p < 0.05. All statistical analyses were performed using Stata soft-
ware, version 15 (StataCorp, College Station, TX, USA).

3. Results

3.1 Flour and Developed Foods

Figure 1 shows the flour obtained from lettuce and pineapple shells waste and Figure 2 shows the six products
that had the best sensory acceptance.

Figure 1. Flours from lettuce waste and pineapple shell

According to the literature, vegetal food waste has been mainly incorporated into bakery products (cookies,
bread and pancakes), cereals, pasta, cheeses and fermented beverages for human consumption(@2), showing
significant contributions in nutritional value and energy intake(?). With this information, pasta, cookies and
chorizo-type sausages were selected, replacing the meat in the latter with textured soy.

Agrociencia Uruguay 2025;29(NE1):e1598 5
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Figure 2. Cookies, pasta and chorizo-type sausages with greater sensory acceptance

First row from left to right: biscuits, pasta and chorizo without the addition of waste flour. Second row, products with lettuce flour
added; biscuits with 20%, pasta with 15%, and chorizo with 10%. Third row, products with pineapple shell flour added; biscuits with
15%, pasta with 10%, and chorizo with 20%.

3.2 Proximal Composition of Flour Obtained from Waste

Table 2 shows the results of the proximal composition of the flours obtained. As can be seen, the waste flours
obtained are a good source of fiber, presenting contents between 11 and 15%, since it is considered a high
fiber food (rich in fiber) if it contains at least 6 g fiber/100 g or 3 g fiber/100 kcal(24).

Table 2. Proximal composition of flours obtained from plant waste*

Lettuce flour Pineapple shell flour
Humidity 701+0.05 6.16 + 0.05
Ashes 0.75+0.04 369 +0.02
Ethereal extract 098 +0.01 215+0.01
Protein (N X 6.25) 12.94 + 0.03 505 +0.05
Nitrogen-free extract 67.31 £ 0.03 6763 +0.03
Crude fiber 11.01+0.01 15.32 + 0.05

*Average of 3 determinations for each analysis.

3.3 Sensory Evaluation of the Different Food Products Made from Waste Flour

Figure 3 shows the sensory scores obtained for the evaluated characteristics; only formulations that present-
ed scores equal to or greater than 4 in each sensory parameter are shown.

6 Agrociencia Uruguay 2025;29(NE1):e1598
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The addition levels studied in each product were 0, 5, 10, 15 and up to 20% for each of the different flours in
the various selected foods. A total of 5 formulations were available for each product and the formulations
which sensory evaluation on a 9-point hedonic scale was equal to or greater than 6 were selected.

Cooki
oolies Pasta

Appearance
9

Chorizo-type sausage

Appearance

Appearance
2 9

7

Texture Taste Texture Texture Taste

Smell Color

Color

Smell

Smell Color

== Pineapple (20%)
e et tuce (10%)
=== Chorizo-type Sausage Control

e Pineapple (10%)
e Lettuce (15%)
= Control

e Pineapple (15%)
e ettuce (20%)
e Control

Figure 3. Sensory evaluation of the products developed (only that with a rating = 6 is presented) and control product

Once the formulations with the highest sensory acceptance were selected, the products made with waste let-
tuce flour and those made with pineapple shell were compared with the control product without the addition of
either flour. The results can be seen in Table 3.

Table 3. Statistical comparison of the sensory evaluation (pasta, cookies and sausage)

Pasta Pinlslapple (10%) Lettuce (15%) Control o value
ean (SD) Mean (SD) Mean (SD)

Appearance 74(1.224)2 7.5(0.983) 7.95(0.999) 0.012

Taste 6.933 (0.989) ab 7.733(1.103) 7.733(1.103) <0.0001
Color 7.133(1.214) 7.183 (1.127)2 8.167 (0.74) <0.0001
Smell 6.683 (1.761)2 6.833 (1.167)2 8.067 (1.133) <0.0001
Texture 6.967 (1.449)ab 7.55(1.016) 8(0.921) <0.0001
Cookies Pi"&iﬂﬁ'?s‘éf%’ e ((SZS;A) M(e:zgr? t(rso[|>) p value
Appearance 7.883 (1.075)2 6.417 (1.499)2 8.317 (0.701) <0.0001
Taste 7.883 (1.263)2 6.283 (1.958) 8.283 (0.613) <0.0001
Color 7.433 (1.332)ab 5.9(1.362)2 8.533 (0.566) <0.0001
Smell 7.683 (1.359) ab 5.9(1.782)2 8.417 (0.671) <0.0001
Texture 7.7(1.197)ab 6.717 (1.668)2 8.433 (0.647) <0.0001
Chorizo-type sausage Pin&zg;r:l?s(gg)%) Lﬁ: : : (gg;/") Mceg:t(rsollj) p value
Appearance 6.217 (1.027)2 6.333 (1.02)a 6.967 (0.758) <0.0001
Taste 5.767 (1.37)a 5.283 (0.922)= 6.733 (1.219) <0.0001
Color 5.95(1.241)a 6.217 (1.027)2 7.233 (0.81) <0.0001
Smell 5.85(1.3)ab 6.367 (1.057)2 7.217 (0.846) <0.0001
Texture 5.75(1.514)a 5.583 (1.253) 6.517 (0.983) <0.0001

a: Significant difference compared with the control group (p < 0.05).
b: Significant difference compared with the lettuce-based formulation (p < 0.05).
Agrociencia Uruguay 2025;29(NE1):e1598 7
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3.4 Proximal Composition of Different Food Products Made from Waste Flour
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Table 4 shows the chemical composition of the three selected products with the highest sensory ratings.

Table 4. Comparison of the percentage composition of the formulated products versus their control product

Pineapple (10%) Lettuce (15%) Control
Pasta Mean (SD) Mean (SD) Mean (SD) p value
Humidity 11.43 (1.81) 11.23 (1.35) 10.76 (0.54) 0.825
Ashes 122 (0.0061) 2 155 (0.0108) 2 1.01 (0.0326) <0.0001
Lipids 5,67 (0.22) 2 6.98 (0.18) 2 11.36 (0.12) <0.0001
Proteins 10.93 (0.13) 2 11.64 (0.10) 2 13.62 (0.76) 0.0008
Fiber 6.87 (0.005) 2 5.77 (0.006) 2 2.5(0.013) <0.0001
. Pineapple (15%) Lettuce (20%) Control
Cookies Mean (SD) Mean (SD) Mean (SD) p value
Humidity 4,66 (0.52) 5.99 (0.74) 542 (0.53) 0.0907
Ashes 0.99 (0.0113)ab 1.17 (0.0837)2 0.66 (0.0517) <0.0001
Lipids 26.85 (1.25)2 2545 (0.10) 19.57 (0.20) <0.0001
Proteins 8.39 (0.57)ab 10.80 (0.36) 11.09 (0.09) 0.0003
Fiber 7.53 (0.058) 2 6.25 (0.038) 2 2.5(0.011) <0.0001
_— Pineapple (20%) Lettuce (10%) Control
Chorizo-type sausage Mean (SD) Mean (SD) Mean (SD) p value
Humidity 81.63(0.33)° 81.61(0.33)° 79.45(0.32) 0.0002
Ashes 1,62 (0.0193)b 1.46 (0.0142)2 1,68 (0.0317) <0.0001
Lipids 3.64 (0.23) 3.34 (0.14) 3.50 (0.37) 0.4403
Proteins
11.99 (0.63) 2 16.37 (0.40) 16.01 (1.81) 0.0056
Fiber 6.26 (0.897) 2 47 (0.005) 400 (0.023) <0.001

a: Significant difference compared with the control group (p < 0.05).

b: Significant difference compared with the lettuce-based formulation (p < 0.05).

4. Discussion

Fruits and vegetables are processed industrially and at home to extend their shelf life or to offer different forms
of consumption, generating a large amount of waste that is often discarded, causing contamination pro-
blems(23(26), For several years now, it has been reported that plant residues or waste can still provide various
phytochemicals and nutrients@”). For example, pomegranate peels, lemon peels, and green walnut shells can
be used as natural antimicrobials(8(29), while pineapple peels provide large amounts of fiber and antioxidant
compounds(?).

The chemical composition of flours from different plant wastes has been extensively investigated, finding dif-
ferent values that depend mainly on the variety, temperature, and exposure time of the waste during drying(30).
However, Table 2 indicates that these flours, despite being practically waste, are still a source of minerals,
proteins and fiber, and the bibliography indicates that it is possible to additionally find numerous bioactive
compounds().

Recycling vegetal wastes for human consumption involves transforming discarded materials into valuable food
ingredients or products, which reduces the environmental impact and offers alternative food sources. Howev-
er, although agricultural waste can be a good source of bioactive compounds suitable for human consumption,
most research describes techniques that, although novel, require time-consuming separation and purification

8 Agrociencia Uruguay 2025;29(NE1):e1598
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processes and chemical reagents(32)@3)34)35), Therefore, the alternative presented here is simply disinfecting,
drying, and pulverizing the waste so that any food handler could revalue their plant waste.

Clearly, most food waste may not be of sufficient sanitary quality to be reused as food(®¢). Therefore, the first
step was to evaluate the ability to disinfect these wastes to levels within official microbiological standards. The
use of 200 ppm hypochlorite was very effective and, unlike other decontamination technologies, is reported to
also provide residual disinfection(®7). After treatment, both the waste flours and the formulated food products
complied with the Mexican Official Microbiological Standards for each category and tested negative for Salmo-
nella sp., coliforms, and Escherichia coli, indicating that they were microbiologically safe for use.

Chemical composition of flours from different plant wastes has been extensively investigated, with varying
values found, primarily depending on the variety, temperature, and drying time of the residue(®8)(9)40), Table 2
shows that the flours studied can be source of nutrients such as minerals, protein, and fiber.

When incorporated into the different foods (Table 4), it can be observed that the ash content in the cookies
with lettuce flour (20%) and the cookies with pineapple shell (15%) is significantly higher than in the control
sample, like that observed with the use of mango pit, pineapple shell, or banana peel flours#"(#2)43)44), Re-
garding protein, the cookies with pineapple shell flour had the lowest percentage, which is not surprising, since
it is the flour with the lowest percentage of protein and, in the case of the cookies, it was also added in a
smaller amount than the lettuce flour, although it should be noted that these values can vary significantly de-
pending on the variety used(“s).

The fat content is significantly higher in cookies with waste flour, which is consistent with the report that the
lipid content in food waste is an important component of agricultural waste, that can vary between 5% and
30%, and can be effectively extracted and utilized(“®),

The addition of these flours to foods is expected to contribute to increased fiber consumption, as the contribu-
tion of this component ranged from 11% for lettuce flour to 15% for pineapple peel flour, like that reported by
Larruri and others(?7), which allows them to be considered high in fiber2427)(47). Therefore, it is not surprising
that the largest contribution of flours from these residues was their fiber content, which should not be ignored,
since daily fiber consumption in Mexico is below the recommended amount for optimal health(“8).

For pasta, the selected additions were 15% for lettuce flour and 10% for pineapple peel. The results were like
those found with the crackers; all foods added with waste flour provided a significantly higher concentration of
nutrients, except for fat, where the contribution is significantly lower in contrast to the crackers. However, Te-
tercycz and others*9), despite reporting high fat contents in tomato waste and pepper seeds, reported similar
results to ours for pastas added with similar percentages. The main contribution of the addition of waste flour
was fiber; as reported in other studies, the nutritional composition of wheat flour is characterized by relatively
low levels of fiber and minerals, suggesting the importance of supplementing it with other ingredients to im-
prove the nutritional qualities of the final products(®2)(49),

Since most research incorporating plant-based waste into food focuses on pasta and bakery products“9)50), a
natural meat product was selected for the incorporation of waste flour. Sausages could be an option for incor-
porating plant-based waste; some companies use recycled juice pulp to make vegan sausages. Other options
include using recycled fruit pits and rosehip waste to create plant-based cheese sausages or to enhance the
nutritional value and color of pork sausages(3"(52),

It was decided to make the sausage completely vegan because consumer preference for vegan sausages is
increasing, driven by factors such as health, animal welfare and environmental sustainability(53). In the case of
chorizo-type sausages, the addition of waste flour did not seem to significantly affect the composition, except
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in the case of the use of pineapple peel flour, where a significantly lower protein but higher fiber content was
observed, perhaps because the addition of up to 20% of pineapple peel flour displaces the protein content
provided by the soy that is added in smaller quantities, and despite everything improving sensory characteris-
tics(4),

The sensory evaluation of any food is crucial, as consumer acceptability is determined by characteristics such
as color, appearance, structure, and flavor(®%), Table 3 shows the results of the evaluation of different products
with added waste flours compared to formulations without the addition.

Only those products whose overall sensory evaluation was greater than or equal to 6 were selected, that is, a
‘like” rating on the scale used, because the control without the addition of waste flour yielded overall ratings of
8.0 for pasta, 8.4 for cookies and 6.9 for chorizo-type sausage. Although all products showed significant differ-
ences from the control product, the overall evaluation was acceptable; however, adjustments to the manufac-
turing processes are necessary to refine the formulations or adjustments to the labeling that refer to the nutri-
tional and health benefits of the product(%6),

In the case of cookies, the texture of the cookies with lettuce flour was the one that obtained the lowest rating,
even by far compared to cookies with pineapple peel flour, which had significantly better acceptance in color,
aroma, and texture. This could be due to the use of a 20% substitution with lettuce flour. However, for pasta,
the acceptance of the formulation with lettuce flour in general was significantly higher than for pasta with pine-
apple peel flour, where texture was the least accepted parameter. Sensory rejection of formulations with vege-
table waste flours may be mainly due to changes in color, texture, aroma, or flavor. Although some authors
report their incorporation into pasta and bread with minimal sensory problems, others indicate that overall ac-
ceptability is negatively affected, especially as higher concentrations are added (57)(58),

Despite these results, these differences do not substantially affect overall consumer acceptance, as all sam-
ples received positive ratings across all sensory characteristics for both cookies and pasta. This suggests that
although ingredient substitution affects the acceptance of some sensory attributes, the products remain well
accepted by consumers(4),

In the case of chorizo, both formulations with added flours obtained significantly lower scores in all parameters
evaluated compared to the control, and very similar scores were obtained between the two products added
with waste flours, except for the aroma, where the formulation with lettuce was better received. Even so, the
overall evaluation reflects an acceptance of the added products. These results seem to confirm the limitations

of sensory acceptance that occur with products added with waste flours in the development of meat pro-
ducts(59)(60)(61)(62)

5. Conclusions

Reusing agricultural waste for human consumption involves transforming discarded agricultural materials into
valuable food ingredients or products, which would reduce environmental impact by offering alternative food
sources. In conclusion, it is possible to consider that plant waste, both in food stores and at home, can be
easily transformed into flours that, when added to commonly consumed foods at levels of 10 to 20%, could
modestly contribute to reducing the generation of polluting waste and, at the same time, could potentially in-
crease nutrient content. Although sensory acceptance is not equal to controls without the addition of vegetable
flours, further research is required on the impact of these flours on the sensory acceptability of various foods.
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