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Abstract As the production increases, there is a growing need in the grain processing industries, for more
homogeneous products and with a lower percentage of impurities; for this, engineering has been improving the
beneficiation processes through studies of the physical properties of the grains. The objective of this study was
to determine the physical properties of lentil grains from two different brands. The research was carried out at
the Laboratory of Processing and Storage of Agricultural Products of the Federal University of Campina
Grande, Brazil. The moisture content (%),water activity (a,), mass of 1000 grains (g), actual specific mass
(g/cm™), apparent specific mass (g/cm™®), a (length,mm?), b (width, mm?), ¢ (thickness, mm?), angle of repose
(%), porosity (%) and volume (cm™). The lentils of the two brands presented low water content and intermediate
activity, the A and B marks presented the same value for the 1000 grain weight, the B mark presented the
highest value for the angle of rest and the marks A and B presented same value for physical property volume,
mark B presented higher values for length and width and mark A for thickness.
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Introduction
Lentil belongs to the Leguminosae family, being an important source of complex carbohydrates, protein, dietary
fiber and some vitamins and minerals [1, 2]. According to Faris et al. [3] lentil is a grain that has stimulated the
world's interest due to its chemical-nutritional composition, being an important source of compounds derived
from primary and secondary metabolisms, such as proteins and fibers [4,5]. The nutritional composition of
lentils of national origin was verified by Padovani et al. [6], it presented about 64% of carbohydrates, 23% of
proteins, 17% of dietary fiber and 0.8% of lipids, however, studies on the physical properties of lentils are
scarce.
In Brazil the national consumption of lentils is supplied by imports. Although there is good acceptance of this
grain, its national production is small. Although lentils are a nutritionally rich grain and high antioxidant
activity, their use in the world food supply is still low, due to the high preparation time and economic-energy
expenditure [7]. The use of lentil in feed is limited in the West due to the lack of concrete data on processing
techniques and grain based products [8].
Admitting the particularity of each product, not only in relation to its physical characteristics, but also by its
chemical composition. The physical characterization needs defined criteria taking into account the existing
variability, since the lentil grains have quite distinct dimensions in comparison to their grains [9]. The
knowledge about the physical properties is of fundamental importance to minimize the costs of production for
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greater competitiveness and maintenance of product quality. Information such as: size, volume, porosity and
specific mass, among others, are essential tools in the study involving physical properties of grains [10].
Knowledge of the physical properties of agricultural products is not restricted to engineering, and information
may be of great use in other branches of science or technology related to physical behavior and processing of
fruits and vegetables in general. The main applications of this knowledge are for the adequate design of
machines used in the processing and better characterization of the product [11]. The physical properties of the
grains are relevant characteristics in the optimization of the industrial processes and the development of new
projects and equipment used in the post-harvest operations [12].

Considering the above, the knowledge about the physical properties of the lentil has several benefits, especially
when attention is focused on the processing and storage of this grain. In this way, the objective was to determine
the physical properties of lentil grains of two different brands.

Material and Methods

Search Location

The research was carried out at the Laboratory of Processing and Storage of Agricultural Products of the Federal
University of Campina Grande, located in the city of Campina Grande, Paraiba, Brazil.

Raw material

The lentils of two different brands A and B were purchased commercially in the city of Campina Grande, Brazil.
Physical properties

Moisture content (%): The grain water content of the two brands (A and B) was determined by the greenhouse
gravimetric method at 105 + 1 °C for 24 hours in three replicates [13].

Water activity: was determined using the Aqualab device, Decagon® brand at 25 °C.

Mass of 1000 grains (g): using a scale with a resolution of 0.01 g, in eight repetitions, weighed the mass of the
products whose results were adjusted to 1000 [13].

Actual specific mass (g/cm™):quantified by the ratio between mass and volume of each grain [14].

Specific apparent mass (g/cm®):determined using a digital scale with becker use, with capacity of 150 mL [14].
Circularity (%):determined using digital caliper Almeida et al. [14].

Porosity (%):performed in function of the apparent and actual specific masses, according to the equation
described by Mohsenin [15].

Volume (cm™):rated second Mohsenin [15].

Angle of repose (°):determined according to the Almeida et al. [14].

Length (a), width (b) and thickness (c) (mm?):with the aid of a digital caliper with a resolution of 0.01 mm,
measurements were made on the dimensions of the grains [15].

Statistical Analysis
The results were submitted to analysis of variance (ANOVA), Tukey test of means comparison at the 5% level
of significance, with the aid of the statistical program Assistat 7.7 [16].

Results and Discussion

The lentils of the two brands showed low water content and similar water activity, showing no statistical
difference between the brands. Cajamarca et al. [17] when working with the chemical properties of brown and
gold flaxseed observed for water content in the seed 6.98% in golden flaxseed and 7.60% in brown flaxseed.
According to Farias et al. [18] the water content of the agricultural products is an important factor that
determines the porosity variation of the grains, because grains with higher water contents present a higher
surface tension than dry grains. Oliveira [19] classified as products of intermediate moisture those with aw
between 0.6 and 0.85 and products with low humidity are those with aw values up to 0.6. We can classify the
grains of both brands as intermediate moisture.

The A and B marks had the same value for the mass of 1000 grains, so there was no statistical difference. The
mass of 1000 grains is important for calculating seeding density, number of seeds per package and for purity
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analysis [13]. Coradi et al. [20] when evaluating the physical properties of sunflower seeds after drying
observed that temperatures of 65 and 75 °C were the most influential in weight reduction.
The grains of the brand A presented higher value for the actual specific mass, which differed statistically from
the mark B. The specific mass is a physical characteristic frequently used to evaluate the quality of a grain mass,
so that usually the larger its magnitude, and the quality of the product, and is frequently used in the
commercialization of some products such as wheat, dug and flour [21]. Similar behavior occurred for the
apparent specific mass, where the A mark presented a statistical difference of the B mark, being the mark A,
which presented the highest average.

Table 1: Physical properties of lentil seeds from different brands.

Physical properties Mark A Mark B
Moisture content(%) 10.50a  10.70a
Water activity (a,) 0.57a 0.58a
Mass of 1000 grains (g) 0.07a 0.07a

Actual specific mass (g/cm™) 1.56a 1.43b
Specific apparent mass (g/cm™®)  0.79a 0.72b

Circularity (%) 95.07a  89.89b
Porosity (%) 49.48a  49.87a
Volume (cm™) 0.11a 0.11a
Angle of repose (°) 20.67b  27.33a
a (length, mm?) 5.86b 6.61a
b (width, mm?) 5.58b 5.94a
¢ (thickness, mm?) 1.30a 2.40b
Note: Letter superscripts equal in the same line do not present significant difference at the 5% probability
level.

The A mark, for the physical property circularity, presented statistical difference, being the one that presented
higher value for this parameter. Goneli et al. [10] working with castor bean fruits, also observed similar results,
in which circularity and sphericity showed small variations in their values.

The lentil grains of the two brands showed no statistical difference for the physical property porosity. When
evaluating the physical properties of castor bean seeds, Farias et al. [18], obtained 42.5% for the parameter
porosity, being lower than the one verified in this research with lentil grains. The B mark presented a higher
value for the rest angle, differing statistically from the mark A. According to Elias [22], the rest angle is that
formed between the grain mass surface and the horizontal plane, when discharged on a flat surface. Some grains
tend to occupy the largest possible area, forming a small angle of rest, while others do not. Silva et al. [23] when
determining the angle of repose of the sunflower seeds of different localities, obtained values ranging from
25.33 t0 25.67.

The marks A and B presented same value for the physical property volume, that is, both did not differ
statistically among themselves. Volumetric changes of the products, due to their dehydration, are reported as
being the main causes of changes in the main physical properties of agricultural products [24,25]. The
theoretical bases for the knowledge of the volumetric contraction process involve complex mechanical and
material deformation laws [25].

As to the length and width, the B mark presented higher values, differing from the A mark, since the thickness
occurred the inverse, the mark A presented statistical difference of the B, being the one that presented the
highest average. The use of seeds sorted by size facilitates the operation of seeders in seed distribution, making
it possible to obtain suitable populations in the field. In addition, Santos et al. [26] reported that size
classification improved their sanitary quality. Size and shape are genetically defined specific characteristics of
each product, which may also be influenced by the environment during and after the formation period [27].
These data can be used for sizing the size and shape of seeds and sieves in equipment for sorting and sorting.
The shape of the product is influenced by the reduction of the water content, because in addition to causing the
reduction in seed size, it directly influences the physical properties [28].
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Conclusion

The lentils of the two brands presented low water content and intermediate activity, the marks A and B
presented the same value for the 1000 grain mass, the grains of the brand A differed statistically from the B
mark in relation to the actual specific mass, the brand A showed statistical difference of the B mark, being the
mark A, which presented the highest average for the apparent specific mass. The A mark, for the physical
property circularity presented higher value.

The lentil grains of the two brands did not present statistical difference for the physical property porosity, the
mark B presented higher value for the angle of rest and the marks A and B presented same value for the physical
property volume. The B mark had higher values for length and width, whereas mark A presented statistical
difference of B, being the one that presented the highest average for the thickness.
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