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ABSTRACT

Cowpea beans are of great socioeconomic expression for the rural population in North and
Northeastern Brazil. This legume is rich in essential nutrients and exhibits great resistance
to water stress. However, for grain processing, it is fundamental to study legume behavior
during the hydration process. This study aims to evaluate the mass transfer of different
cowpea beans via mathematical modeling to determine the viability of hydration for
commercialization as a canned product. Physical and chemical analyses of lipids and
moisture were performed. The soaking process was performed in a water bath with
distilled water at 30, 40, and 50 °C. The mathematical model of Peleg presented
satisfactory adjustments, with R? values ranging between 99.78% and 99.99% and relative
error (P) of <3.74%. In addition, the influence of binomial time/temperature was observed

during hydration.

INTRODUCTION

Cowpea beans (Vigna unguiculata (L.) Walp.),
well-known among rural Brazilian populations as “feijao-
de-corda” and “feijao macassar”, can be cultivated in the
Northern and Northeastern Brazil mainly for subsistence.
Thus, it has become a product of great socioeconomic
expression for these regions (Locatelli et al., 2014).

Cowpea beans have excellent nutritional
composition, being a source of phenolic compounds,
antioxidants (Araujo et al., 2018), proteins, carbohydrates,
minerals, and dietary fiber, in addition to its low-fat
content, for the needy population of the Northern and
Northeast Brazil (Lima et al., 2014). It is primarily
consumed in two ways, in the form of mature and
immature grains with a high percentage of water (“green
beans”, with moisture contents ranging from 58 to 60%)
(Melo et al., 2017).

For bean processing, well-defined physical
properties are required. Therefore, it is essential to use
mathematical modeling to predict the behavior of bean
material subjected to various processes (Resende &
Corréa, 2007). According to Garcia et al. (2013), to model
the grain hydration behavior, phenomenological and
empirical mathematical models can be used to reduce time
and product losses. Phenomenological models can explain
the hydration mechanism with a theoretical foundation;
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however, they are complex in nature. In contrast, empirical
models are less complex and easy to construct since they
are obtained from mathematical correlations adjusted to
the experimental data and not based on the laws of physics
or mass transfer theories.

According to Marques et al. (2014), the
characteristic behavior of agricultural products subjected
to the hydration processes begins immediately after the
grain contacts water, as absorption is instantaneous and
occurs at an accelerated rate. This phase is called a
transient. In the intermediate phase, the absorption rate is
reduced, reaching equilibrium humidity. In the permanent
phase, water absorption related to the grain equilibrium
moisture occurs, where water loss and gain occur as the
product approaches equilibrium moisture. Temperature
affects the initial hydration speed, decreasing the rate as
the water content of the product approaches equilibrium.

The proportion of grain water varies between 10%
and 30% in relation to imbibition water (Carbonell et al.,
2003; Ramos et al., 2005). According to Montanuci et al.
(2014), the water absorption rate increases with increasing
temperature and hydration time. Therefore, the water
absorption rate is higher when the immersion temperature
is closer to the seed gelatinization temperature.

In terms of the mass transfer of agricultural
products, Peleg (1988) proposed an empirical model
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adjusted to literature data on water absorption in powdered
milk and rice, obtaining correlation coefficients ranging
from 0.95  to0 0.99.

In this context, the objective of this study was to
determine the maximum mass transfer capacity of cowpea
using the Peleg model, analyzing the viability of hydration
for its use and commercialization as a canned product.

MATERIAL AND METHODS
Characterization of raw materials

Cowpea seeds (Vigna unguiculata (L.) Walp.) were
purchased from producers in the state of Tocantins. The
seeds were subsequently processed and the impurities were
removed as well broken and abnormal grains.

After processing, the seeds were sent to the Process
Modeling and Kinetics Laboratory, located at the Campus
of the Federal University of Tocantins (UFT), Palmas,
State of Tocantins. First, the sample humidity was
determined using the standard thermostatic oven method at
105 £ 1 °C for 24 h in triplicate (Brasil, 2009).
Subsequently, lipid analysis was performed using the
Soxhlet methodology in triplicate for each product variety.

Experimental design

The experimental design was completely
randomized with 14 treatments and three replicates. The
treatments were named as follows: BRS Millennium, BRS
Itaim, BRS Potengi, BRS Pujante, BRS Novaera, BRS
Cauamé, BRS Aracé, BRS Tumucumaque, BRS Jurua,
BRS Rouxinol, BRS Marataod, BRS Xiquexique, BRS
Pajet, and BRS Guariba.

Water absorption

For this process, 5 g of grain sample was soaked in
35 mL of distilled water (1:7 ratio). Hydration was
performed at controlled temperatures of 30, 40, and 50 °C
in a water bath until reaching water absorption equilibrium
in triplicate for each temperature. During this process, the
samples were weighed to track the absorption, removed
from the beakers, and placed on a filter paper for 2 min to
remove the surface water. After weighing, the samples
were immersed again. To model cowpea hydration, the
Peleg model (1988) described in [eq. (1)] was used:

t

U=Uo* rem
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Where:
Ut is the water content at time t, (decimal b.s.);
U0 is the initial moisture content (decimal b.s.);
t is the soak time (h);
C1 is the Peleg constant rate (h decimal b.s.-1), and

C2 is the Peleg constant capacity (decimal b.s.-1).

The degree of adjustment of the Peleg model and
variation of the constants as a function of the imbibition
temperature was verified by performing a regression
analysis using the Gauss Newton method in Statistica
7.0" software.

To measure the degree of fit of the model, the
significance of the regression coefficient was assessed by
the Scott-Knott method, adopting a 1% probability level.
The magnitude of the coefficient of determination (R?) of
the relative mean error (P) and standard error of the
estimate (SE) using eqs (2) and (3), respectively:

e g
_ [po—9)?
SE= e ®)

Where:
Y is the experimentally observed value;
Y is the value estimated by the model;
n is the number of experimental observations, and

GLR is the degree of freedom of the model
(number of model parameters minus the number of
observations).

Statistical analysis and averaging tests

The lipid and moisture data were subjected to
analysis of variance tests, and the means were compared
using the Scott-Knott test at a 5% significance level using
the ASSISTAT version 7.7 program.

RESULTS AND DISCUSSION

Significant effects were detected for different
varieties in terms of lipid and moisture characteristics
(Table 1), indicating genetic variability. In addition, the
coefficients of variation were low, indicating good
experimental precision.

TABLE 1. Average ANOVA table values for the cowpea cultivars analyzed herein.

Causes of Variation

Mean square of variables

GL Lipids Moisture
Treatments 13 0.00059%* 0.71258*
Residue 28 0.0003* 0.03646*
Total
Adjusted 41 - -
CV (%) 8.44 2.50
Overall Average 0.06517 7.62294

* Significance at the 5% level determined by the F test.
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When analyzing the coefficient of variation (CV) of the obtained data, in which CV values of <10% are considered to
be high precision. Low dispersion around the mean of the lipid and moisture analysis data as well as data homogeneity was
verified. The physicochemical compositions of the cowpea varieties are presented in Table 2.

TABLE 2. Physicochemical characteristics of the cowpea varieties tested herein.

BRS BRS BRS BRS BRS BRS

Milénio Itaim Potengi Pujante Novaera Cauamé

BRS BRS BRS BRS BRS BRS BRS BRS
Aracé Tum. Jurud Roux. Mar. Xiq  Pajeu Guariba

Moisture “o51 022 009 048 004 034

14.94a+12.87c¢+12.60d + 13.90b+ 11.84e+ 12.6d+ 12.58d +12.17¢ +14.48a £13.09c £13.14c +14.01b £13.17c + 13.24c +
0.30 0.19 0.41 0.00 0.20 0.54 0.12 0.12

229a+ 247a+ 1.88b+ 1.86b+ 1.83b+ 244a+ 1.92b+ 1.52c+ 2.19a+ 1.27d+ 1.55c+ 1.22d+ 1.94b+ 1.52c+

Lipids "> 017 009 005 0.19 0.33

026 056 034 012  0.12 0.37 0.46 0.17

* BRS Tum. = BRS Tumucumaque; BRS Roux = BRS Nightingale; BRS Mar. = BRS Marataod; BRS Xiq. = BRS Xiquexique * Means
followed by the same letters, on the same line, do not statistically differ at 5% significance as determined by the Scott—Knott test.

The water content observed in raw cowpea grains
has been shown to vary between 8.58% and 10.41%
(Pereira, 2014) and between 10.69% and 11.37%
(Cavalcante et al., 2017). The highest water content was
observed in the grains of cultivar BRS Milénio (14.94%)
and was statistically the same as the moisture content in
the BRS Jurud grains. The lowest water content was
observed in the grains (11.84%) of cultivars BRS Nova era
and BRS Tumucumaque.

According to the results presented in Table 2, the
highest percentage of lipids was observed in the seeds
of cultivar BRS Itaim (2.47%), differing significantly
from those of the BRS Milénio, BRS Cauamé, and BRS
Jurua cultivars. The lowest percentage of lipids was found
in the BRS Xiquexique cultivar (1.27%), similar to that of
BRS Rouxinol.

Cavalcante et al. (2017) and Mello et al. (2017)
studied the chemical composition of raw cowpea cultivars
and reported low lipid contents ranging from 1.30 to 2.18
/100 g'. This reduced lipid content can be considered a
disadvantage in terms of nutritional value, due to the fatty
acids, and particularly the substantial amount of
unsaturated fatty acids, present in beans that are essential
to human health (Reyes-Moreno et al., 1993). In contrast,
Carvalho et al. (2012) studied 30 Brazilian cowpea

genotypes and showed fluctuations in the lipid percentage
ranging from 1.0 to 4.60/100 g™

In addition, the BRS Cauamé and BRS
Tumucumaque genotypes showed the best nutritional
quality. The technological and nutritional qualities of
beans are determined in part by the genotype and are
influenced by environmental conditions during plant and
seed development, including climate, cultivation practices,
post-harvest technologies, storage conditions, and process
technology. According to Shellie & Hosfield (1991), the
genotypes are responsible for 52% of the variation in water
absorption and 25% in the required cooking time.

Mathematical modeling of the absorption process

The coefficients of determination, relative average
error, and standard error of the Peleg model estimate,
adjusted during the hydration of cowpea beans at 30, 40,
and 50 °C, are listed in Table 3.

From the data presented in Table 3, coefficients of
determination of >99% were obtained, indicating good
model adjustment to the experimental data (Lisboa et al.,
2015). In addition, low standard errors of the estimate and
relative average errors were obtained (<3.24%), which
according to Cunningham et al. (2007) indicates the
applicability of the model as the values were all <10%.
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TABLE 3. Coefficients of determination (R?), relative average errors (P), and standard error of the Peleg model estimate (SE)

adjusted during the hydration of the three cowpea varieties under different temperature conditions.

Treatment Temperature (°C) Cl1 C2 R? (%) SE (decimal) P (%)

30 0.6228** 0.8672%* 99.977 0.0097 0.61

BRS PUJANTE 40 0.3182%* 0.8907** 99.947 0.0153 0.89
50 0.2225%* 0.8684%* 99.979 0.0102 0.55

30 0.7727** 1.2822%* 99.982 0.0054 0.37

BRS POTENGI 40 0.4409** 1.3430%* 99.977 0.0076 0.57
50 0.0639** 1.3361%* 99.954 0.0098 0.78

30 0.1494%** 0.8964** 99.968 0.0113 0.56

BRS JURUA 40 0.1678** 1.0279%* 99.783 0.0204 1.26
50 0.1234%** 1.0544%* 99.945 0.0150 0.85

30 2.5361** 0.9549%* 99.898 0.0138 1.27

BRS ROUXINOL 40 3.3518** 0.8372%* 99.811 0.0133 1.20
50 0.5060** 0.9707** 99.924 0.0150 1.01

30 2.1799%** 0.9479%* 99.974 0.0072 0.62

BRS PAJEU 40 1.0227** 0.9038** 99.998 0.0016 0.10
50 0.2622%* 0.9735%* 99.983 0.0080 0.50

30 2.2241%* 0.6461%* 99.947 0.0143 0.89

BRS MARATOA 40 0.5475%* 0.9463** 99.930 0.0104 0.68
50 0.1003** 1.0219%* 99.977 0.0093 0.57

30 0.4753%* 1.1142%* 99.862 0.0127 0.96

BRS GUARIBA 40 0.1591** 1.2059%* 99.978 0.0049 0.36
50 0.0374** 1.2730%* 99.990 0.0008 0.05

30 0.3064%* 1.0749%* 99.970 0.0089 0.59

BRS TUMUCUMAQUE 40 0.0792%* 1.0985%* 99.989 0.0218 1.58
50 0.0696%* 1.2244%* 99.999 0.0010 0.06

30 0.2619%* 1.0999%* 99.930 0.0134 0.86

BRS XIQUEXIQUE 40 0.0987** 1.1399%* 99.986 0.0047 0.32
50 0.0899%* 1.2924%* 99.991 0.0029 0.21

30 0.4397%* 1.2979%* 99.997 0.0024 0.17

BRS ITAIM 40 0.2141** 1.3341%* 99.976 0.0072 0.54
50 0.1756%* 1.3315%* 99.999 0.0018 0.12

30 0.7698** 1.2929%* 99.994 0.0035 0.26

BRS NOVAERA 40 0.7303** 1.4455%* 99.990 0.0039 0.28
50 0.3780%* 1.1061%* 99.943 0.0129 0.91

30 0.6613** 1.1806** 99.991 0.0043 0.29

BRS MILENIO 40 0.1161** 1.3690%* 99.939 0.0114 0.86
50 0.0559** 1.4080%* 99.972 0.0077 0.51

30 0.3169%* 1.0680%* 99.986 0.0061 0.42

BRS CAUAME 40 0.1732%* 1.1189%* 99.963 0.0107 0.64
50 0.2424%* 1.0902%* 99.994 0.0049 0.29

30 0.3841** 1.2546%* 99.906 0.0147 1.00

BRS ARACE 40 0.4811** 1.6304%* 98.829 0.0424 3.74
50 0.0670** 1.2682%* 99.981 0.0078 0.49

** Significant at the 1% probability level by Scott-Knott.
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Lisboa et al. (2015) showed that the constant C1 is
related to the mass transfer rate and higher temperatures
generally resulted in lower C1 values. Schoeninger et al.
(2018) indicated that increased hydration water
temperature  accelerated the  absorption  process,
contributing to higher diffusion coefficients.

However, different behavior was observed for some
varieties due to fermentation of the grains and loss of
cellular structure stability after hydration. Montanuci et al.
(2013) highlighted that the difference between grains may
be due to the alteration of the structures of each cultivar
and variations in the chemical and physical properties of
the grains.

TABLE 4. Average absorbed water content (g) in cowpea grains after hydration at three temperatures.

Temperature (°C)

Variety
30 40 50

Temperature (°C)
30 40 50

Variety

BRSPUIANTE  59605° 595500  6,16492
BRSPOTENGI 428258 353501  4,35958
BRS JURUA 6,2960°  58470°  5,5678°
BRSROUXINOL  45550f 47080  5.4399¢
BRS MARATAOA 57010 56185  54631°
BRS PAJEU 478950 55030°  5,6198°
BRS GUARIBA  48955¢ 473500 447048

BRS TUMUCUMAQUE  50515¢ 525059  4.7984f
BRS XIQUEXIQUE  50185¢ 50555  4,7207f

BRS ITAIM 423208 435308 442268
BRS NOVAERA 4,12908 436908  4,8756°
BRS MILENIO 474200 420158 435858
BRS CAUAME 514059 463000 5,0540°

BRS ARACE 440158 4,18758 456850

Averages followed by the same lowercase letter in the same column are not statistically different as determined by the Scott-Knott test at

a 1% probability.

Comparing the water contents of the cowpea
cultivar grains at the three temperatures revealed a
significant difference between averages at the 5%
probability level (Table 4). In particular, the cultivars BRS
Jurud and BRS Pujante showed greater water absorption at
30, 40, and 50 °C.

Shellie & Hosfield (1991) found that the cultivar
origin influences the water absorption by the plant, which
is related to the temperature and precipitation of the native
regions. The authors reported that the vegetables produced
in dry and hot places showed greater water absorption
capacities than those produced in cold and humid places.
This was associated with the intrinsic factors of the
vegetables related to the integument, including thickness,
weight, adhesion to the cotyledons, elasticity, porosity, and
colloidal properties.

Hydration at temperatures of <60 °C allows the
transfer of soluble compounds from the vegetable to
hydration water (Kon, 1979). The temperatures evaluated
herein allow maintenance of the nutritional quality of the
final product and the internal pressure in the beans, which
may be disrupted at high temperatures leading to the
separation of cotyledons (Abu-Ghannam & McKenna,
1997) leaving the beans cracked or broken.

CONCLUSIONS

Cowpea has a short shelf life and forms of
processing that increase its stability are necessary to
increase possible storage times. Canning is a promising
alternative to achieve this goal, as demonstrated herein.

The lipid contents were in accordance with
literature values, with differences between varieties
resulting from differences in cultivar and cultivation
conditions.

The Peleg model was adjusted satisfactorily to the
obtained hydration data of cowpea, with high coefficients

of determination (R? >99.783%) and low relative average
errors and standard deviations of the estimates.

The BRS Jurua and BRS Pujante cultivars showed
higher water absorption at all temperatures evaluated
herein, demonstrating the non-interference of temperature
in the absorption.

Future studies regarding the total nutritional
composition and anti-nutritional factors should be
performed to ensure the stability of canned bean cultivars.
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