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Abstract
The moringa presents great nutritional value thanks to its bioactive compounds, providing
many benefits to human health. Therefore, this plant has been studied with the aim of being
used as a food fortifier. The objective of this work was to describe the technological process
in the production of moringa seed flour at different temperatures through numerical and
analytical solutions and assess its final chemical quality. Moringa pods were obtained in
experimental area and were treated by removing their seeds. A drying process was performed
at different temperatures (40, 50, 60 °C) with progressive weighing on a semi-analytical scale
until constant weight which was obtained after 2 hours of drying. The flour was obtained with
the use of a knife mill. Empirical models of Lewis, Herdenson and Pabis, Peleg and Page
were used to describe the dehydration curve of moringa seeds. Protein, lipid, carbohydrate,
ash and moisture contents were determined in the flours obtained at different temperatures.
We verified that best fit model was Page’s, representing the best coefficients of determination
and chi-squares. The Peleg model showed incoherent behavior, indicating that it is not ideal
for simulating the drying process of moringa seeds at the studied temperatures. The
temperature influenced the quality of the flour. The flour obtained at a temperature of 40 °C
showed the best percentages of protein, ash, moisture and carbohydrates. For the lipid content,
the best flour results was obtained at temperatures of 50 and 60 °C.
Keywords: centesimal composition, mathematical models, Moringa oleifera lam,
temperature
1. Introduction
The moringa (Moringa oleifera Lam.), is a native species of India, presenting high
adaptability to edaphoclimatic conditions of semi-arid regions (Souza et al., 2018). This is
the most cultivated specie of the Moringaceae family (Páramo-Calderón et al., 2019).
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The moringa is an important alternative for small producers, and can be used as a source of
human food, water purifier, traditional medicine and as oil source (Nóbrega et al., 2018). In
addition, moringa presents potential for use in animal feed, especially during periods of
drought (Gualberto et al., 2014).
M. oleifera leaves high levels of phytochemicals such as phenolic compounds (chlorogenic
acid, gallic acid, kaempferol and quercetin glycosides) and β-carotene and ascorbic acid that
promote human health benefits, such as anti-radical activity and different bioactivities
(Rodrígues-Pérez et al., 2015; Vázquez-León et al., 2017).
Forage produced from the moringa is a good source of proteins, containing 25,1% total
protein in the dry mass, considered a high value of high quality protein, and digestibility of
79% (Obando and Ojeda, 2016).
The moringa seed flour is used in animal feed because it is nutritionally rich, being a seed of
easy acquisition and production and producing a large vegetable mass during the year (Anwar
et al., 2007). According to Abiodun et al., (2012), evaluating the physicochemical properties
of defatted bran from moringa seeds, it was found that it is rich in ash, crude fiber, crude
protein and carbohydrates, showing a potential to be used in human and animal diets due to
the high protein content.
The drying process of a product consists of the transfer of heat and mass between the drying
air and the material to be dried, where raising the temperature results in an increase in the
vapor pressure in the material, resulting in the reduction of the water content (Mercali et al.,
2010). The use of mathematical models is an important tool for estimating the time required
reducing the water content of a product, and the need to adjust mathematical models to the
experimental data is undeniable (Kashaninejad et al., 2007).
The use of mathematical models in the description of the drying process aims to optimize the
technological process of flour production. The models are based on external variables of
product, such as temperature and relative humidity of drying air (Sousa et al, 2011).
The objective of this work was to describe the technological process in the production of M.
oleifera Lam., seed flour at different temperatures by means of numerical and analytical
solutions, and determining its final chemical quality.
2. Materials and Methods
2.1 Experiment Site
This study was carried out at the Center of Sciences and Food Technology - CCTA, Pombal,
belonging to the Federal University of Campina Grande (UFCG), Brazil (06º46’13’’S,
37º48’06’’W and ~242 m of altitude).
2.2 Plant Material
Moringa seeds were harvested manually from parent plants free of the presence of pests and
diseases, located in the CCTA / UFCG. The processing and classification of the seeds
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occurred on the same day after the harvest, using those that were visibly healthy. The initial
moisture of the seeds before the experiment was 6%.
2.3 Flour Production
After seeds removal from fruits, they were cleaned, removing the dirt adhered to their surface
and dried in oven with air circulation and forced renovation (Solab ™, model SL 102/42) in
three different temperatures (40, 50, 60 °C). The material was placed in cast stainless steel
forged trays measuring 15 cm in length, 10 cm in thickness and 5 cm in depth. In each tray
was used around 50g of plant material, previously weighed in a semi-analytical balance
(Bell® - Model SSR-600, with 0,05-g accuracy), three repetitions were used for each
temperature. The weighings were carried out continuously, counting from time 0 until
reaching constant weight. The moisture content data of the moringa seeds were determined
according to IAL (2008).
2.4 Kinetics of Drying
For the adjustment of the experimental data the software LAB fit curve fitting (Silva and
Silva, 2016) was used. The adjustment of the mathematical models to the curves of
dehydration of the moringa seeds to the experimental data was done using the empirical
equations described in Table 1.
The evaluation criteria of the drying kinetics used to choose the models were the coefficients
of determination (R2) and the chi-square (
), calculated by Equation 1.

χ2 =

∑(X

*
exp

- X *pre ) 2

(1)

where:
chi-square;
X⃰exp - experimental moisture ratio by the model;
X⃰pre - predicted moisture ratio.
2.5 Chemical Analysis
After drying, the samples were ground with the aid of a willey-type mill with the opening of
meshes 10, 20, 32 (1,70mm, 0,85mm, 0,50mm) and analyzed for the content of:
Humidity (%): The percentage of humidity was determined by means of oven drying at 100 ±
5 °C for 24 hours (IAL, 2008).
Ash (%): It was determined by the incineration of the sample in muffle at 550 °C until the
ashes were white or slightly grayish (IAL, 2008).
Proteins (%): The total nitrogen content of the samples was determined by the
Micro-Kjeldahl method, using the generic conversion factor 6.25 for transforming the
quantified protein content (IAL, 2008).
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Lipids (%): It was determined by the Soxhlet method, based on the extraction of lipids into
fats and fatty substances, which are defined as food components that are insoluble in water
and soluble in organic solvents, such as ethyl ether, petroleum, acetone, chloroform, benzene
and alcohols. As described by IAL (2008).
Carbohydrates (%): It was estimated by the difference between 100% and the sum of the
percentages of the other components of the sample (IAL, 2008).
2.6 Statistical Analysis
The design was completely randomized (DIC). The comparison between treatments was
performed using analysis of variance (ANOVA). The results were compared by the Tukey test
at 5% significance in order to observe if there was a significant difference between the
treatments. The statistical results were analyzed by the ASSISTAT® program (Silva and
Azevedo, 2016).
3. Results and Discussion
3.1 Drying Kinetics of Seeds
Table 2 shows the parameters obtained from the adjustments of the Henderson and Pabis,
Lewis, Page and Peleg models, as a function of the drying of the moringa (Moringa oleifera
Lam.) seeds, at temperatures of 40, 50, and 60 °C.
Table 1. Empirical models used to describe the amount of water in moringa seeds
Model

Name

Empirical Expression

Reference

1

Lewis

RX = exp(-a tb)σe- at

Jittanit, 2011

2

Henderson and Pabis

RX = a exp(-k t)

Sousa et al., 2011

3

Peleg

RX= 1 -t/(a + bt)

Mercali et al, 2010

4

Page

RX = exp(-k tn)

Kashaninejad et al., 2007

RX - Moisture rate, dimensionless; T - Drying time, h; K, ko, k1 - Drying constants, h-1; a, b,
c, n - Coefficient of the models; Source: Pereira et al. (2017a).
The parameters of the models adjusted to the experimental data of the water quantity kinetics
during the drying of the moringa seed were verified the good representation of the Page
model, which obtained the highest coefficients of determination (R2), varying from 0,9197 to
0,9935 and the smaller chi-squares ( ), from 0,1618 to 0,2075 (Table 2).
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Table 2. Adjustment parameters of the experimental models to the moringa (Moringa oleifera
Lam.) seed drying data at temperatures of 40, 50, 60 °C
Hendeson e Pabis
Parameters
R2

Temperature (°C)
a

b

40

0.8947

0.3599

0.9614

0.3927

50

0.8624

0.1642

0.8485

0.2761

60

0.9731

0.1028

0.9882

0.1059

Lewis
Parameters
R2

Temperature (°C)
a

b

40

0.4210

-

0.9616

0.5689

50

0.2016

-

0.8281

0.3286

60

0.1057

-

0.9886

0.1138

Page
Parameters
R2

Temperature (°C)
a

b

40

0.1071

0.7125

0.9901

0.2037

50

0.1212

0.7579

0.9197

0.2075

60

0.1699

0.8065

0.9935

0.1618

Peleg
Parameters
R2

Temperature (°C)
a

b

40

0.1559

0.8881

0.9772

0.2398

50

0.4891

0.6180

0.8527

0.3069

60

0.6163

0.8825

0.9927

0.6223

R2= determination coefficient;

= chi-square; a and b= coefficients of the mode. Source:
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Pereira et al. (2017a)
These results show a good fit to the drying curve as presented in Figure 1, higher than that
obtained by the other models. Considering the same criteria, we have the models of
Henderson and Pabis (Fig 2) and Lewis (Fig 3) with good representation to the experimental
points of the drying curve with R2 above 0.82 and
below 0,6 (Table 1). It was found that
in the Page model it presented a progressive increase due to the temperature increase, for the
constant a and b. This result points to the high affinity of the model with the experimental
data, indicating that it can be used in the drying process in moringa seeds with high reliability
on the drying temperatures. Corroborating with this study, Madureira et al. (2012), working
with drying of the pulp of fig, at temperatures of 50, 60 and 70 °C, using the Lewis, Page,
Henderson and Pabis models showed good affinity of these models to the experimental data,
with R2 above 0.8 and can be used in the prediction of drying kinetics at temperatures of 50,
60 and 70 °C. Similar behavior with this study was also evidenced by Pereira et al. (2017)
describing kinetics of drying palm shoots at different temperatures (50, 60, 70 and 80 °C)
using the empirical models of Lewis, Henderson and Pabis, Wang and Singh, Peleg. The
Peleg and Wang and Singh models showed a unique graphic behavior, reaching the field of
negative water content before reaching the equilibrium point of the dehydration process,
demonstrating that the models are not capable of simulating the drying process.
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1

2

3

4

Figure 1. Water obtained in the drying curve of Moringa seeds (Moringa oleifera Lam.) at
temperatures of 40 (A), 50 (B), 60 °C (C) adjusted to the model of Page (1); Henderson and
Pabis (2); Lewis (3) and Peleg (4)
For the Peleg models (Fig 4C), the statistical values found are considered satisfactory.
However, when analyzing the graphical representation of the adjustment to the data, it does
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not present a coherent physical behavior to the study, crossing the field of negative water
quantity, before reaching the equilibrium point of the dehydration process. This means that
the tested models are not reliable to be used in simulating the drying process of moringa
seeds within the temperature range.
Such behavior was also evidenced by Silva (2016) and Pereira et al. (2017b) for the Peleg
model, which showed graphical incoherence to the data obtained in the synthetic drying of
jackfruit seeds and 'Bud' palm shoots, where the model came to cross the negative water
quantity field before reaching the equilibrium point of the drying process.
Chemical determinations in moringa seed flour
The results obtained by drying moringa seeds under different temperatures are shown in
Table 3.
Table 3. Chemical determinations of moringa seed meal obtained at different temperatures
Temperature

Physical and chemical determinations (%)

(°C)

Proteins

Ashes

Lipids

Moisture

Carbohydrates

40

1.90 a

42.60 b

3.18 a

5.05 a

47.26 a

50

1.45 a

47.94 a

3.15 a

4.84 a

42.62 b

60

1.44 a

46.51 a

3.21 a

4.75 a

44.08 ab

The averages followed by the same letter in the same column do not differ statistically from
each other, by the Tukey test at the 5% probability level.
No significant difference (P <0,05) was observed for the protein content in the moringa seed
flour obtained at the different temperatures (Table 3), however a small decrease in these
quantitative values was observed due to the increase in temperature, a common behavior in
the flour production process with the elevation of temperature. Proteins when subjected to the
heat treatment undergo changes in their properties, mainly being destroyed the physiological
properties. Tetteh et al. (2019) studying drying methods for M. oleifera found out that sunand oven-dried leaves presented higher glucosinolates contents which are important bioactive
compounds for human health.
It was observed a significant difference (P <0.05) for the ash content in the flour. Flours
obtained at the temperatures of 50 and 60 °C presented the highest percentages (Table 3). The
ash percentage is mainly influenced by the fertility of the soil where the plant was cultivated.
The high ash content is justified by the high concentration of mineral elements that it contains,
with a high concentration of calcium. Pena et al. (2008) and Pedral et al. (2015) found ashes
values in moringa leaves lower than those found in this study, of 14,75 and 8,47%, this
behavior can be justified by the seed being a drain, where most of the translocated salts in the
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plant are stored. Moringa presented in its constitution minerals essential to the human
organism, such as calcium considered one of the most important elements for human growth
and development. For example, while 226 grams of milk can deliver 300 to 400 mg, moringa
leaves can deliver 1000 mg and moringa powder can deliver more than 4000 mg
(Gopalakrishinan et al., 2016).
For the lipids content found in the moringa seed flour, no significant difference (P ≤0.05) was
observed, presenting a small variation of 0,3% between their values (Table 3), for the flours
obtained at the temperatures of 40, 50 and 60 °C, respectively. Pena et al. (2008) studying
quality of passion fruit fiber flour at temperatures of 70, 80 and 90 °C, obtained constant
values for the lipid content of around 1%. These values are low when compared to those
found in this study. Such behavior can be attributed to the nature of the plant material, where
the moringa seed is an almond, thus, rich in vegetable oil content.
There was no significant effect (P <0.05) on the moisture content of the moringa seed flour
obtained at the different temperatures. However, there was a decrease in moisture content as a
function of temperature elevation (Table 3). The moisture contents in the flours found in this
work are within the limit stipulated by Fernandes et al. (2008) that impose a maximum limit
of 14%, since values above the established can form lumps, stimulating the development of
molds and yeasts, which ends up reducing the quality of the flour.
For the percentage of carbohydrates found in the moringa seed flour, a significant difference
(P <0,05) was observed, decreasing as a function of temperature increase, reaching 42.62% in
the flour obtained at 50 °C (Table 3). Borges et al. (2009) studied the achievement and quality
of jasmine flour at different temperatures, contrary to the results of this study, with an
increase in the percentage of carbohydrates as a function of temperature variation, varying
from 58.38 to 61.94% for temperatures 60 and 70 °C. This condition may have been
influenced by the plant material as well as the temperature used in the drying, however the
carbohydrate values found in the flours of this study are considered good, indicating a good
energy source. The large amount of carbohydrates present in the moringa flour is indicative
of a good source of energy (Páramo-Calderón et al., 2019). Thus, the processed moringa seed
flour can be used to treat malnutrition problems (Nambiar and Parnami, 2008).
4. Conclusion
The studied models presented good statistical results due to the adjustments in the
experimental data. The Page model is characterized as the most suitable to simulate the
drying kinetics of moringa seeds, based on the coefficients of determination and chi-square.
The Peleg model presented a unique graphic behavior, reaching the field of negative water
content, before reaching the balance of the dehydration process, indicating that this model
cannot be used to simulate the process of drying moringa seeds.
The different temperatures influenced the quality of the flour. The flour obtained at the
temperature of 40 °C presented the best percentages of protein, ash, moisture and
carbohydrates. In terms of lipid content, the flour with the best percentages was obtained at
temperatures of 50 and 60 °C.
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