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ABSTRACT
Objective: The objective of this study is to evaluate the sensory perspectives of chips-type snacks made from 
black bean dry (Phaseolus vulgaris L) and peanut (Arachis hypogaea Linn) flours in a university population.
Design/methodology/approach: Two formulations were realized from peanut and black bean previously 
toasted and milled: 1) (PF) 50% peanut flour, 12.5% rice flour and 12.5 % cornstarch; 2) (BbF) 50% black bean 
flour, 12.5% wheat flour and 12.5% cornstarch. Each mixture of flours was extruded and fried until obtained 
chips-type snacks. A statistical-descriptive study was carried out from the observation of the eating habits of 
university students in the State of Mexico. On other hand, an affective test was tested to evaluate the acceptance 
of chips-type snacks made with PF and BbF in the categories of odor, taste, hardness, and easy to break.
Findings/conclusion: According to the questionnaire, the female gender has higher snack consumption than 
the male population. On another hand, potato chips are in third place as the most consumed snacks for women 
they preferred to consume them in their houses. Peanut and chickpea flour are the most preferred by the 
female population. There was no significant difference (p0.05) between the snacks prepared with PF and 
BbF, but 60% of the consumer accepted both snacks. It is concluded that the chips-type snacks 
made with different formulations could be a healthy alternative for the students, also it 
kind of products have good acceptability. Finally knowing the sensory perspectives 
could provide important information for developing healthier and easier-to-
eat snacks.
Limitations on study/implications: More studies about the 
characterization of the chips-type snacks are required, 
also a mix of both legumes could be realized.
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INTRODUCTION 
	 Consumer demand for ready-to-eat foods is increasing due to the need for timesaving 
in the modern lifestyle, also they want healthy and nutritional foods (Pasqualone et al., 
2020; Arise et al., 2021). One alternative to this demand is “snack foods” which provide the 
sense that the appetite is satisfied. It is a small portion of food consumed between meals 
and snacking could be a habit of young and old people because it supplies the calories 
needed during an active day, or it is just eaten for pleasure (Alamu et al., 2020; Hess et al., 
2016). Some examples of snacks are cookies, cakes, sugar-sweetened beverages, and chips. 
Recent studies also indicate that legume flour can be incorporated into snacks instead 
of cereals, significantly improving their functional properties and their nutritional value 
(Szymandera-Buszka et al., 2021). Legumes are highly beneficial in the diet of people, 
due they have considerable quantities of water-soluble vitamins, minerals, and bioactive 
ingredients such as polyphenols, essential amino acids, fibers, and proteins. Also, they are 
lower in levels of saturated fat, glycemic index (GI) (ranging from 16 to 30), salt, and sugar 
(Neder-Suárez et al., 2021; Pasqualone et al., 2020; Szymandera-Buszka et al., 2021; Tas 
& Shah, 2021). Also, it is a cheaper source of protein and energy, particularly for rural 
populations (Arise et al., 2021). The term legumes originated from the Latin word “Legere”, 
which refers to those plant species whose fruits are enclosed in pods and belong to the 
Fabaceae or Leguminosae family. The main legumes consumed by humans such as alfalfa, 
pea, bean, chickpea, beans, green beans, lentils, peanuts (groundnuts), and soybeans. 
Pulses are the edible seeds of plants in the legume family, all pulses can be called legumes, 
but not all legumes are pulses (Tas & Shah, 2021). 
	 The bean (Phaseolus spp.) is a pulse that has spread practically throughout the world and 
is considered part of the basic diet of a large part of the population. In the western region 
of Mexico occurred the domestication of the common bean (Phaseolus vulgaris L.), so it is 
the second most-consumed legume, according to the INEGI in 2019. The annual bean 
production was 828, 113.9 tons, and currently, 70 species of the 150 existing worldwide 
have been reported in Mexico and five of them have been domesticated (P. vulgaris L., P. 
coccineus A. Gray, P. lunatus L., P. acutifolius A. Gray, and P. dumosus Mac Fady) (Lépiz, 2007). 
Regarding its nutritional content, the protein content varies from 14 to 33%, being rich in 
amino acids such as lysine (6.4 to 7.6 g/100 g of protein) and phenylalaninetyrosine (5.3 
to 8.2 g/100 g of protein), but with deficiencies in methionine and cysteine, despite this, 
the quality of cooked bean protein can become up to 70% compared to a protein of animal 
origin. Also, it has high concentrations of vitamins such as thiamine, riboflavin, and niacin 
and minerals such as phosphorus, iron, and zinc (Espinoza-García et al., 2016; Ulloa et al., 
2011; Figueroa et al., 2015). On the other hand, peanuts (Arachis hypogaea Linn), known 
as groundnut, are botanically defined as legumes and it is the main legume consumed 
worldwide, having great economic importance in countries such as China, India, and the 
USA (Wang et al., 2021). Peanuts are rich in unsaturated fatty acids, phytosterols, and 
other bioactive such as fibers, tocopherols, all the essential amino acids, and phenolic 
antioxidants compounds. Also, it is an important source of high-quality protein (22-30%), 
carbohydrates (15-21%), fats (42-49%), vitamins B and E, minerals such as iron, zinc, 
potassium, and magnesium, antioxidant minerals (selenium, manganese, and copper), 
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and fiber content (8.5% approximately) (Arya et al., 2016; Bravo et al., 2018; Guo et al., 
2020). According to the Protein Digestibility Corrected Amino Acid Score (PDCAAS), 
peanut proteins are nutritionally equivalent to meat and eggs, also it is the biggest source 
of arginine (FAO, 2002). According to INEGI, fried snacks generate Mexico a market of 
62,758 million pesos, which corresponds to a production of 22,558 tons, and at the end 
of 2014, the country consumed on average 157,000 tons of chips per year. So, chips-type 
snacks are the most consumed by young university students. For all of these, the objective 
of this study is to evaluate the sensory perspectives of chips-type snacks made from bean 
dry (Phaseolus vulgaris L) and peanut (Arachis hypogaea Linn) flours in a university population 
in the Toluca Valley.

MATERIALS AND METHODS
Raw material
	 Peanut (Arachis hypogaea Linn) and Black bean (Phaseolus vulgaris L) were acquired in the 
local market “Garis”, Mexico. The bean was washed and cooked with water and salt for 
40 min in a pressure cooker, then dried in an oven (Hamilton beach, Virginia, EE. UU.) at 
180 °C for 4 h. Finally, they were toasted at 100 °C for 15 min. The peanut was purchased 
previously toasted. Both were stored at room temperature until use.

Preparation of chips-type snacks 
	 Peanut and black bean toasted were individually milled in a blender (Oster, Mexico) 
and sieved using a 0.4 mm mesh to obtain uniform particles. The peanut formulation 
(PF) contained 50% peanut flour, 12.5% rice flour, and 12.5% cornstarch. The black 
bean formulation (BbF) contained 50% black bean flour, 12.5% wheat flour, and 12.5% 
cornstarch. All mixtures were added with 1.5% salt and water was added until a malleable 
paste was obtained. PF and BbF flours were blended to form a thick paste, which was then 
extruded and fried using a deep fryer with the temperature held at 200 °C for 5 min.

Statistical design
	 The State of Mexico was taken as a model from the observation of the eating habits 
of university students to provide a product with sensory characteristics that meet the 
standards of quality and accessibility. A statistical-descriptive study was carried out 
through an analytical survey of the university population of the State of Mexico, located in 
the central zone of the Mexican Republic, at an altitude of 2683 m above sea level, made 
up of a total of 125 municipalities, has a territorial extension of 22,499.95 km2 and a total 
of 16,992,418 inhabitants (INEGI, 2021), this being the state with the largest number of 
inhabitants in the republic. Surveying mainly autonomous universities (UAM, UAEMEX, 
etc.), technological institutes (UTVT, Technological Institute of Toluca, Tecnologico de 
Jocotitlan, etc.), and private (UNITEC, UVM, Universidad Milenium, etc.). 

Description of the study
	 The obtaining of information was carried out through an analytical survey established 
by multiple-choice with the help of google forms, applied from September 6 to September 
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11, 2021, with an average duration of 3.5 minutes, to 137 people randomly university 
students of the State of Mexico with an age range of 17 to 28 years. Selecting topics related 
to the consumption of legumes to know the perspective of the consumer, his preference for 
them, and the habituality of their consumption, thus finally focusing on peanut and bean 
flours (Physical Environment Mexico, 2021).

Questionnaire and measurement scale
	 The questionnaire was divided into five sections: The first section seeks to clarify the 
definition of snack, as well as to know the percentage of consumption and preferences of 
the object of study on it. The second section is aimed at the knowledge of the participants 
about legumes, mainly in their importance in the diet, the frequency of their consumption, 
and the health benefits, including the nutrients they provide us. The third section focused 
on legume snacks, respondents were asked to provide information on: if they knew of any 
snack made from any legume flour if they had already consumed it if they were interested, 
and what type of legume flour snacks they would like to consume and in what form. In the 
fourth section he focused on the idea of the legumes selected in particular from flour, they 
were asked if they would be struck by any presentation of a snack based on bean and peanut 
flour in the market and if they considered that this snack was a good option to include it in 
their diet. In the fifth section, an approach was considered aimed at the packaging, portion, 
and cost of the product, to know the preferences and the value that the product could come 
to quote in the market and thus properly define the tastes of future consumers.

Method for sensory evaluation
	 Affective test
	 The evaluation was realized at the State of Mexico Universities. Sixty-eight consumers 
(age 18-33) assessed the snacks. They evaluated the acceptance in the categories of odor, 
taste, hardness, easy to break, and overall liking using a structured hedonic scale of 7 points 
(1dislike a lot, 7like a lot). Each sample was presented monadically to the consumers in 
a balanced complete block design.

	 Statistical analysis
	 A comparative analysis of the information obtained in the surveys was carried out, 
considering the sociodemographic variables of the female and male gender. The processing 
began with the organization of the database in Microsoft Excel. Subsequently, the values 
of each of the answers were calculated, and finally, the statistical software SPSS was used 
to identify the significant differences between the responses of the respondents (p0.05), 
applying the non-parametric Chi-square test. The t-Student test was conducted on an 
affective test by XLSTAT software version 2014.5.03 (Addinsoft, Paris, France) using an 
alpha limit value of 0.05 for affective test.

RESULTS AND DISCUSSION
	 Many snacks are classified as junk food due to their low nutrient content, high 
preservative content, and high sodium, sugar, and/or fat (Hess et al., 2016; Neder-Suárez 
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et al., 2021). Currently, most snacks available are manufactured from cereals tending to be 
high in fat content, rapidly digestible starch, salt, and sugars, which could be contributing 
to the increased prevalence of obesity and diabetes (Tas & Shah, 2021). For all the above 
reasons it is important to know the food habits of university students, to offer new food 
developments that contribute to nutrition and can be incorporated into the diet as snacks. 
Figure 1 shows the differences in snack consumption in the gender populations. The 
participants were 30% male and 70% female. In this case, the female gender presented 
twice as many consumption preferences compared to the male population, these being 
significantly different (p0.05), unlike meat which does not present a difference in consumer 
preference between the genders. In addition, it can be observed that the female gender 
presents a 37% higher consumption of potato chips in comparison with the male gender, 
which together with the high consumption of nuts can be an indicator of the segment of 
the university population in which the consumption of chips-type snacks made from black 
bean and peanuts could be implemented.
	 In Germany, men judged the quantity of recommended fruit and vegetable servings to 
be substantially lower than women in a study of older UK individuals, aged 55-64 years 
(3.4 vs. 4.5 portions, respectively). Similarly, only 28% of guys properly knew that eating 
five or more servings per day is suggested, but 63% of ladies were aware of this guideline. 
Furthermore, just 28% of men, compared to 35% of women, were aware of the link between 
disease and fruit and vegetable consumption. In contrast with this study, Nutrition Report 
2000 in Germany, the average meat consumption of men was 10-20 grams per day more 
than that of women, depending on age group (Westenhoefer, 2005).
	 Figure 2 shows the place where the products are purchased. Women have more 
preference than men to buy snacks in supermarkets and self-service stores, in markets, 
and prepared at home (p0.05). Schlinkert et al., 2020 reported that young people in the 
Netherlands went to snack outlets, as a result, levels of obesity and overweight increased. 
However, they are snacking at home (58%), at work, or at school (23%). They ate at home 

Figure 1. Frequency (%) of consumption of snacks in a population of university students in the State of Mexico. 
a-b Different letters between the same variable value indicate a significant difference between genders (p0.05).
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Figure 2. Frequency (%) of the place where snacks are obtained in a population of university students in the 
State of Mexico. 
a-b Different letters between the same variable value indicate a significant difference between genders (p0.05).

because of the price of snacks, and they prefer to buy them at local supermarkets than “on 
the go”.
	 Likewise, snacks are listed as impulse products, which are frequently described as 
low cost, and require the consumers to use minimal cognitive effort. Because it includes 
automatic and habitual subconscious decisions, it was discovered that the inclination to 
buy on impulse is significantly linked to the habit of eating snack foods (Duarte et al., 2013).
	 Figure 3 shows the types of flour that the population prefers in the preparation of snacks. 
Peanut and chickpea flour are the most preferred by the female population (p0.05) unlike 
the male population. Subsequently, the uses of the other flours such as broad beans and 
lentils are lower consumption between both genders (p0.05). 
	 Figure 4 shows the types of snacks consumed. Crispy chips and churros were highly 
preferred by the population, with women consuming more (p0.05). Subsequently, snacks 

Figure 3. Frequency (%) of the type of flour preferred in snacks in a population of university students in the 
State of Mexico. 
a-b Different letters between the same variable value indicate a significant difference between genders (p0.05).
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made from wheat flour and others had lower consumption but were similar between 
genders (p0.05). Duarte et al., 2013 reported that because several studies have found a 
link between snack food consumption and the overweight and obesity problems of young 
people, public health policies and campaigns will be aimed at the development of healthy 
snacks.
	 Figure 5 shows the preference of the place in the consumption of snacks. Women prefer 
to consume these products more frequently in their homes compared to men (p0.05). 
While, in other places such as the university, work, street, and other places, consumption 
was lower in both genders and without significant differences (p0.05).
	 Figure 6 shows the nutritional characteristics of the snacks. Women prefer products 
with higher content of vitamins, minerals, and fiber than men (p0.05). In the case of 
protein, calories, fat, and sodium contents, there were no significant differences between 
genders (p0.05). 
	 Similarly, Westenhoefer (2005) reported that gender-dependent differences in food 
choice, women generally show a healthier pattern of food choice. For example, the 

Figure 4. Frequency (%) of the type of consumption of snacks in a population of university students in the State 
of Mexico. 
a-b Different letters between the same variable value indicate a significant difference between genders (p0.05).

Figure 5. Frequency (%) of the preference of the place for the consumption of snacks in a population of 
university students in the State of Mexico.
a-b Different letters between the same variable value indicate a significant difference between genders (p0.05).
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Figure 6. Frequency (%) of the preference of the nutritional characteristics of snacks preferred by the population 
of university students in the State of Mexico. 
a-b Different letters between the same value of the variable indicate a significant difference between genders 
(p0.05)

International Health and Behavior Survey (IHBS) applied a self-report, questionnaire-
based study that looked at a variety of health behaviors in a total of 19,298 university 
students from 23 different nations. Women avoid high-fat foods, consume high-fiber foods, 
eat fruit every day, and never add salt to their meals compared to men. Likewise, consumers 
purchasing snack foods evaluated health/nutrition as the second most important attribute 
after taste/flavor in New Zealand (Kahiya et al., 2013). In the end, because gender has an 
inextricable link with purchasing decisions, it must be analyzed separately for each product 
and company (Zoi, 2017).

Affective test
	 There was no significant difference (p0.05) between the samples prepared with beans 
and peanuts for all categories. The rating of the two samples was “Like” in all categories 
(Figure 7). 

Figure 7. Frequency of acceptance of odor (A), hardness (B), easy to break (C), f lavor (D), and overall liking (E) 
(mediastd). No significant difference (p0.05) between bean and peanut snacks.
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CONCLUSION
	 The consumption of legumes is an important basis for a healthy diet. To know the 
sensory perspectives of university students could provide important information to develop 
healthier and easier-to-eat snacks. The chips-type snacks made with PF and BbF could 
be a healthy alternative for the younger consumers, also it kinds of products have good 
acceptability between them. However more studies about the characterization of the snack 
are required, also a mix of both legumes could be realized to obtain an add value product.
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