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Evaluation of the nutritional quality of a cookie based on Phaseolus vulgaris, Manihot esculenta Crantz and Triticum vulgare



ABSTRACT
Legumes, such as beans (Phaseolus vulgaris), are recognized as important sources of vegetable protein, and their integration into common foods can improve dietary intake. This study analyzed the composition of cookies made with wheat flour, beans, and cassava to determine their nutritional value. Based on previous research demonstrating their efficacy, a 60:35:5 ratioswere used for wheat, beans, and cassava. Proximate analyses were performed to determine the percentages of protein, fiber, moisture, fat, total carbohydrates, and ash, following standardized AOAC methods. The results revealed a protein content of 17%, highlighting the importance of this mixture as a protein source. Adding beans is particularly relevant, as it increases the cookie's nutritional value with essential vegetable proteins. The role of proteins in maintaining structure, growth, and regulation of vital functions in the organism is highlighted.
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1. INTRODUCTION
Edible legumes are of great nutritional importance, as they represent one of the primary sources of vegetable protein in the human diet, with a protein content ranging from 20% to 40% (Singh et al., 2022). They are an economical and accessible option for many people. Beans of the genus Phaseolus, such as beans, have been studied due to their protein content, which varies between 20% and 26%. Although there are more than 1300 species of legumes, only about 20 are commonly consumed by humans (Rodríguez et al., 2022).
Legumes are rich in protein and provide other essential nutrients such as fiber, B vitamins, and minerals such as iron, zinc, magnesium, and potassium (Polak et al., 2015). They are sources of beneficial compounds such as polyphenolics and phytoestrogens, which have a protective effect on the development of chronic diseases. These diseases include various cancers, hypercholesterolemia, diabetes, and osteoporosis (Ma et al., 2025). Regular consumption of legumes can help prevent these conditions due to their low glycemic index, ability to control blood sugar levels, and ability to lower cholesterol. (Bielefeld et al., 2020).
Combining legumes with cereals is particularly beneficial, as it provides a complete protein by supplementing the essential amino acids lacking in each food group. This makes pulses valuable in healthy and balanced diets, contributing significantly to overall health and nutritional well-being (Zhang et al., 2024).In this research, a proximate analysis of cookies made with a mixture of Triticum vulgare flour, Phaseolus vulgaris flour, and Manihot esculenta Crantz flour was carried out. Parameters such as the percentage of protein, fiber, moisture, fat, total carbohydrates, and ash were evaluated.

2. MATERIALS AND METHODS	Comment by DR: References 
Raw material preparation
The Phaseolus vulgaris,Manihot esculenta Crantz, and Triticum vulgare material used was ground and reduced in size (LM 3100) to a particle size sieved on a 200-mesh sieve (Wstyler No. 200). The percentage passing the 200 sieve is the value resulting from sieving a fine granular material, which has 200 openings in one inch. This means that the particle size of a material passing through this sieve is 0.074 mm.
Process of obtaining the cookie
A carefully planned methodology was followed for the preparation of the cookies. The cookies were formulated with a specific proportion of ingredients: wheat, beans, and cassava, in a ratio of 60:35:5, respectively. Notably, this ratio was chosen based on the findings and recommendations of prior research, which have demonstrated effectiveness in creating similar products. The selection of this ratio is grounded in the nutritional balance and functional properties that each ingredient brings to the final product. Wheat provides structure and texture, beans contribute additional protein and nutrients, while cassava adds complex carbohydrates and a smooth texture.	Comment by DR:  reference


Humidity determination
The AOAC 930.15 method was used, approximately 3 g of "cookie" is weighed on an analytical balance and placed in an oven at 100 ± 5 ºC for 24 hours, at the end of the time, the container is covered and placed in a desiccator for 5 minutes, then the final weight is recorded, and the percentage of moisture is determined by weight difference.
Ash determination
The AOAC 942.05 method was used, in a porcelain crucible of 15 mL of known weight, 3 g of "cookie" are weighed, then it is placed in a muffle at 600 ºC for a time of 2 hours, at the end of the time it is removed and placed in a desiccator until it cools, recording its final weight, and by difference the ash content is calculated.
Protein determination
The AOAC 984.13 method was used, through the microkjeldhal method, for which approximately 0.5 g of sample is weighed in a 50 mL tube of the same name, then adding 2.5 mL of concentrated sulfuric acid, this is taken to a sand slab to colorless solution, allow to cool and distill with 40% sodium hydroxide in a volume of about 15 mL. The distillate is received in a 100 mL flask containing 5 mL of indicator for proteins (boric acid, methyl red and bromine cresol green) until it changes color from red to green, which indicates that the distillation process has ended. Finally, it is titrated with a 1N hydrochloric acid solution, until a red color change. The nitrogen content is determined and multiplied by the factor 6.25 to express the percentage of protein.
Determination of ether extract
The AOAC 920.039 method was used, 3 g of "cookie" is placed in a filter paper envelope, it is placed in a Soxhlet tube. Then, in a 250 mL flask, 160 mL of hexane solvent is added, the equipment is assembled with the refrigerant on an electric cooker, the lipids are extracted for a period of 2 to 4 hours. After that time, the envelope is removed and the solvent is recovered until only the extracted lipids remain in the flask, then it is taken to an oven at 60 ºC for complete evaporation of the solvent. The balloon containing the fat is weighed and the content is determined by weight difference.

Determination of total sugars
To carry out this test, a sample of the food should be taken and placed in 250 mL Erlenmeyer flasks. To each of the flasks should be added 50 mL of distilled water, in addition to 5 mL of a saturated lead acetate solution; the flask should be shaken until a homogeneous substance is obtained. This solution obtained must be filtered and washed 3 times with 10 mL of distilled water, the filtrate obtained will be deposited in another Erlenmeyer flask to which 2 g of potassium oxalate will be added, this will be mixed again homogeneously to pass to a filtration. After filtration, the flask is washed 3 times with 10 mL of distilled water. 5 mL of HCl will be added to the final filtrate and it will be placed in a water bath with constant heating for 15 minutes at 68 °C. The result of the procedure will give us an acid solution, for which it must be neutralized with a 10% NaOH solution to obtain a pH of 6.5 to 7.5. When the substances are neutralized, they will be transferred to a 250 ml volumetric flask to which the missing volume will be completed with distilled water. Taking the volumetric flasks, they will be shaken to obtain a homogeneous mixture, the contents of the flask will be transferred to a 50 ml burette with which a titration will be carried out. To carry out the titration, place 5 ml of Fehling's substance A, 5 ml of Fehling's substance B, 50 ml of distilled water and 10 drops of methylene blue as indicator in a 250 ml Erlenmeyer flask. The flask shall be brought to a constant boil before starting the titration.
Fiber determination
Approximately 3 g of sample will be weighed and placed in a container where 200 mL of previously heated H2SO4 will be poured. The containers will be brought to a constant boil for 30 minutes. Once the time has elapsed, it is filtered and washed using boiled distilled water; the containers will be washed with NaOH at a normality of 0.013. After the washes, 3 washes will be carried out with hot distilled water. At the end, the containers will be moved to an oven with a temperature of 100 °C for a period of 3 hours. After the time, the containers with samples are moved to a muffle until a temperature of 420 °C is reached, once the temperature is reached, they are left to rest to be moved to a desiccator with non-hydrated desiccant for approximately 15 to 30 minutes and the fiber content is calculated by difference.
3. RESULTS AND DISCUSSION	Comment by DR: insufficient results, what about the antioxidants contents, minerals contents and physicochemical properties? 
The results obtained in the proximate analysis are shown in Table I and Figure 1 shows the product obtained, which highlights the protein content obtained as well as the high fiber content available, in addition, there is a low-fat content. As for humidity, the value obtained is expected for this type of food.
The percentage of protein was approximately 17%; considering the importance of proteins and what Ajomiwe (2024) stated, proteins play a crucial role in food systems due to their nutritional properties. These nitrogenous molecules are essential to maintain the structure and promote the growth of those who consume them. Proteins can be key ingredients in various food products, contributing to establishing the structure and final properties of the food due to their functional properties (Małecki et al., 2021). Flour composed of wheat, beans, and cassava stands out as an essential source of protein. This combination is suitable for making cookies and can be used in other types of commonly consumed foods. Including beans in this mixture is particularly relevant, as beans are an excellent source of vegetable protein, making them a valuable ingredient for improving the nutritional profile of various food products (Mullins &Arjmandi, 2021).	Comment by DR: why you didnt analyse the amino acids contents
Proteins are essential for the proper functioning of the human body. They help produce hormones and enzymes, strengthen muscles and skin, and are necessary for the immune system (Weijs et al., 2014). Proteins are crucial for transporting nutrients and regulating vital body functions (Ajomiwe et al., 2024). Therefore, wheat, bean, and cassava composite flour is versatile in culinary application and brings significant nutritional benefits to products containing it.
The cookie made from wheat flour, beans, and cassava has a fat content of 32%. This percentage is considerably higher than traditional cookies, which usually have a lower fat content. The presence of beans and cassava, unconventional ingredients in the production of cookies, could influence this result since both can contribute natural fats, although to a lesser extent than other ingredients such as vegetable or animal fats. Another contribution is that it may result in a softer, crispier texture in the cookie, which may appeal to some consumers. In addition, fat can enhance the flavors of the ingredients, improving overall palatability.	Comment by DR: you must analyse the types and percentage of fatty acids contents
The type of fat used can significantly influence the final product. Vegetable fats, such as margarine and oils, are common in the baking industry due to their versatility and health benefits (Mamat & Hill, 2014). However, animal fats, such as shortening, can also be used to provide distinctive flavor and texture.



4. CONCLUSION
The results showed that the final product has a high nutritional value, highlighting its significant protein content. This suggests that the use of bean flour as a partial substitute for wheat flour in baked goods, such as cookies, not only maintains the typical appearance and consistency but also brings added nutritional value to the human diet. The inclusion of cassava and bean flour contributes to further improving the nutritional profile of the final product, offering a healthy and nutritious alternative in the cookie or similar products market.	Comment by DR: compared to which food products?
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	Table I.Proximal chemical analysis obtained from “Cookie” (100 g).

	% humidity
	5.5

	% ash
	9.0

	% protein
	17.0

	% fiber
	5.3

	% lipids
	32.0

	% carbohydrates
	31.2
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Figure 1. Product obtained from composite flours.
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