View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Repositorio da Producao Cientifica e Intelectual da Unicamp

oBY

SISTEMA DE BIBLIOTECAS DA UNICAMP

UNIVERSIDADE ESTADUAL DE CAMPINAS
SISTEMA DE BIBLIOTECAS DA UNICAMP
REPOSITORIO DA PRODUGAO CIENTIFICA E INTELECTUAL DA UNICAMP

Versao do arquivo anexado / Version of attached file:

Versao do Editor / Published Version

Mais informacoes no site da editora / Further information on publisher's website:
http://www.davidpublisher.org/index.php/Home/Article/index?id=34644.html

DOI: 10.17265/2161-6264/2017.05.004

Direitos autorais / Publisher's copyright statement:
©2017 by David Publishing. All rights reserved.

DIRETORIA DE TRATAMENTO DA INFORMAGAO

Cidade Universitaria Zeferino Vaz Barao Geraldo
CEP 13083-970 — Campinas SP
Fone: (19) 3521-6493
http://www.repositorio.unicamp.br


https://core.ac.uk/display/355837943?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.repositorio.unicamp.br/

Journal of Agricultural Science and Technology B 7 (2017) 326-331
doi: 10.17265/2161-6264/2017.05.004

~PUBLISHING

Prediction of Canola Seed Longevity in the Drying

Process

Armando Kazuo Fujii, José Tadeu Jorge and Juliana Aparecida Fracarolli
Department of Post-Harvest Technology, School of Agricultural Engineering, University of Campinas, Campinas 13083-875, SP,

Brazil

Abstract: The probit analysis has been an important tool to predict seed longevity during storage and has been applied for seed
drying simulation. Sealed aluminum pouches containing approximately 50 g of canola seed at moisture range of 7% to 21% of water
content web basis (%) were conditioned in water-bath at 50, 60 and 70 °C to obtain the model to evaluate the reduction of canola
seed germination. This model was included in the drying simulation program and the estimated germination was compared to the
experimental values of germination during drying to validate the model. Canola seeds at 21% of moisture content and germination of
93% were dried at 51 °C and 61 °C, and the model represented significantly the drying experiments. The aim of this study was to
propose a germination model to evaluate the quality of canola seeds during the drying process and to offer the seed producers an
important tool to control the drying process. The experimental data validated the objectives of the proposed drying model, optimizing
the process at given conditions, managing the energy consumption, according to the minimum germination or maximum moisture
content limitation for seed storage. For 51 °C, the drying time for canola seed would be about 6 h to maintain germination above 90%
and for 61 °C, 4 h of drying time maintained germination up to 89%.

Key words: Rapeseed, seed drying simulation, quality parameter estimation, germination.

1. Introduction immediate drying is required to maintain quality [10].

Germination and vigor maintenance should be
considered for drying quality, due to correlation to the
thermal stress to the seed [11].

Maintaining the seeds in hermetic tubes at constant
conditions, Ellis and Roberts [12] verified that the
death in the population of stored seeds at constant
conditions of temperature and moisture followed the
normal distribution, representing the death dispersion
(Eq. (1)), defining the probit viability.

Nellist [13] presented a simplification of drying
process to evaluate germination as successive steps of
storage at constant conditions, and verified that seed
germination decreased with time during drying or
storage and was a function of initial seed germination,
seed temperature and seed moisture content.

Canola (Brassica napus and Brassica campestris) is
the third most important oilseed, especially in the
modern agribusiness. In 2013, the world production
was about 71 million tons; the largest producer was
Canada with 17.5 million tons, and Brazil harvested
61,000 tons [1]. Canola is the breeding of rapeseed
with low levels of erucic acid and glucosinolate,
which are toxic compounds for human and animal
feeding [2]. High composition of unsaturated fatty
acids prevented health hazardous low density
lipoprotein (LDL), recognized as GRAS [3].

Canola oil is also a good alternative for biodiesel
production [4, 5] due to the elevated oil content
(40%-45%), according to Refs. [6, 7].

Canola seeds are harvested at high moisture content
(18%-24%) to prevent dehiscence [8, 9], and 1 T 1 (t—sz it
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temperature (°C); M: moisture content (%); f: time
for G = 0.5 (min); o: standard deviation (min).

Andreoli [14] applied to longevity of maize seeds, a
simplification of the original equation proposed by
Refs. [12, 15] studied the equation from Andreoli [14]
for the physiological potential of artificially aged
maize seeds.

This approach was used for drying process by
Daniel et al. [16] and Oyekale et al. [17] for maize.
Butler et al. [18] applied probit analysis for Digitalis
purpurea and Soltani [19] tested with Haloxylon
persicum. Pozitano and Usberti [20] obtained good
relationship for controlled deterioration in grass seeds,
using the theory of probit analysis and Surki et al. [21]
applied for soybean viability. Babiker et al. [22]
concluded that controlled conventional drying process
resulted in better viability, compared to alternative

methods, such as silica-gel or sun drying. Girsoy et al.

[23] tested germination as maize quality in microwave
drying.

From the modified gamma distribution (from where
Eq. (1) is originated), a simplification of the viability
distribution (application of probit analysis [12]), the
variable X (standardized normal deviate variable) was
introduced in Eq. (2), and Eq. (3) is obtained.

(t-1)

X="— @)
G - erch(X) 3)

The deviation may be expressed as in Eq. (4), and
the methodology of Ellis and Roberts [12] may be
followed.

a-b*T—c*In(M)

o=e @)

where, T: temperature (°C); M: moisture content (%);
a, b, c: seed coefficients.

In the simulation program, each dt loop, a new
value of X was determined, and G is obtained by the
complementary error function (erfc(X)).

For t = ty, Go = erfc(Xp)/2, and from Eg. (2), for

time t; = t + dt, the variable X; comes to:

X, = X, + @ 5)
o

The objectives of the research were: (1) to obtain a
germination model to evaluate the quality of canola
seeds during the drying process; (2) to test the model
for lower drying temperatures; (3) to offer to the seed
producers an alternative to optimize the drying
process with the germination model, preventing

excessive drying time and germination reduction.
2. Materials and Methods
2.1 Canola Seeds

Canola seeds were harvested with 21% moisture
and 93% of germination.

2.2 Sealed Storage

Sealed storage tests were the main experiments
conducted to evaluate the germination loss in canola
seeds as a function of temperature and time of
exposure. Sealed aluminum pouches (a three-layer
laminate of 0.0122 mm polyester film, laminated to
0.0089 mm aluminum foil, which was laminated to a
0.0762 mm modified polypropylene film), containing
approximately 50 g of canola seeds, were conditioned
in water-bath at constant conditions of temperature
and moisture content.

The seeds in sealed pouches were treated at 50, 60
and 70 °C, during different time interval, using a
controlled temperature water-bath (20 L capacity and
+ 1.0 °C precision from Thomas Scientific).

2.3 Analytical Methods

Germination tests were based on the ISTA rules [24]
of seed germination tests, 10 d after the treatments.
Facilities of the Michigan Seed Foundation were used
to perform all the canola seed germination tests.

Three replications of 100 seeds were placed on
moistened blotter papers over germination trays and
kept at 22 °C. The first count of normal seedlings was
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made after 5 d, and the second count, after 10 d.
The moisture content was determined in an air
circulating oven at 130 °C for 4 h [25].

2.4 Simulation and Validation

A Fortran drying simulation program modified by
Maier [26] was used. Through the probit analysis, using
Eqg. (3), G is converted to X. From the sealed storage,
the parameters of Eq. (4) were determined and Eq. (5)
gave the value of X of next step of drying simulation,
and new G is obtained. The simulation may be stopped
at moisture content of 8% (final moisture content (My))
or at minimum germination (Gy).

2.5 Experimental Drying

An oil barrel of 45 cm in diameter, holding
approximately 100 kg of seeds when filled to a depth
of 1.0 m, was used as canola seed dryer with airflow
of 0.5 m/s being provided by a centrifugal fan. The
temperature of the drying air (51 °C and 61 °C) was
controlled by a system of electrical heaters and
measured by thermocouples each 20 cm depth.

3. Results and Discussion

The results from the sealed storage tests for the

determination of the parameters of the Eq. (4) were
presented in Table 1.

The parameters of Eq. (4) were determined from the
sealed storage experimental data, resulting in Eq. (6).
The linear regression presented correlation R= 0.899
[25].

13.55-0.12*T -0.72*In(M
o=¢ (M) (6)

The experimental and estimated sigma values were
represented in Fig. 1. Sigma is standard deviation of
Eq. (2).

Eqg. (6) was introduced to the given Fortran program
to simulate the drying process for 10 h, resulting in the
germination values for the temperature and moisture
conditions at the moment of simulation step. From the
simulation and validation tests, the experimental and
estimated values of temperature, moisture content and
germination of canola seeds after drying were
presented in Fig. 2.

From the experiments, drying canola seeds were at
temperature of 51 °C, after 390 min, the average
moisture content was 5.9%, resulting in 91.6% of final
germination; for drying temperature of 61 °C, after
330 min, the average moisture content was 4.1% and
the final germination was at 87.7%.

Table 1 Germination of canola seeds in sealed storage at 50, 60 and 70 °C.

Germination of canola seeds in sealed storage at

50 °C 60 °C 70°C

Moisture Time Germination Moisture Time Germination Moisture Time Germination
(%) (min) (%) (%) (min) (%) (%) (min) (%)
7.3 10 94.3 12.5 30 91.3 7.3 7.2 67.0
7.3 270 29.3 12.5 120 74.3 7.3 12 74.7
7.3 420 25.0 12.5 180 52.3 7.3 37 54.0
12.5 10 93.7 12.5 210 50.7 13.8 29 90.3
12.5 210 72.7 13.8 120 50.3 13.8 7.2 56.3
125 360 48.3 13.8 150 46.3 13.8 57 8.7
13.8 180 82.0 13.8 180 25.0 14.2 29 87.0
13.8 240 52.3 14.2 40 94.0 14.2 7.2 79.7
13.8 420 21.0 14.2 60 92.3 14.2 17 48.0
16.0 60 94.0 14.2 90 78.7 14.2 27 19.3
16.0 120 93.7 16.7 40 92.0
16.0 210 74.0 16.7 50 82.7

16.7 60 76.0
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Fig. 2 Temperature, moisture and germination at four layers of canola seed drying process at 51 °C (left) and 61 °C (right side).

The layer 1 (L,) is positioned on the dryer plenum.

Applying the model of Eq. (6), the results of
experimental data from Corréa et al. [27] and Kumar
et al. [28] at 30, 40 and 50 °C were analogous.

Kumar et al. [28] obtained 96% of germination,
drying at 30 °C, 92% at 40 °C and 90% at 55 °C, and
this proposed germination model (Eq. (6)) resulted in
93%, 92% and 87%, respectively.

Corréa et al. [27] drying canola seed at 30 °C and
40 °C, obtained final germination of 94% and this
proposed model presented germination of 92%-93% at
the same temperature.

The experimental drying and simulation was
extended up to 10 h, however, the maximum
recommended moisture content for long storage
period of canola seeds would be 8%.

Drying at 51 °C, the average temperature was
40.2 °C after drying canola seed for 6 h and the
germination maintained at 91%. If drying at 61 °C, for
4 h, the average temperature was 43.2 °C, and final
germination was 89%.

If the drying has to be concluded only after the top
layer (L;) reach the air temperature, for drying at
51 °C, the final germination was 88.4% and for 61 °C,
the drying process results in 85% of germination,
reaching 5% of moisture content, and the seeds may
suffer breakage during handling.

These situations present an important tool for the
seed drying operators for any species to predict drying
time to prevent germination reduction, determining

the parameters for the proposed model.

The seed grower may control the drying process
through a simple computer program or a worksheet
developed for several drying conditions, introducing
the drying conditions as input data to the model of
sealed storage model for the selected seed species, and
finish the process when the final moisture or the
minimum germination is achieved.

The estimated germination for drying at 51 °C
enhances the validation of the experimental data, for
the safe viability the seed drying process. Even for
drying process at 61 °C, assuming that the final
moisture content is of 8%, the model achieved the
proposed objective.

4. Conclusions

The proposed model for canola seed quality
adjusted very well the experimental data, for a wide
range of drying conditions.

The model of seed quality to evaluate germination
losses in drying process is an important tool for the
seed companies.

Seed germination evaluation during drying is a
useful tool for seed quality preservation achieved by a
simple model to estimate the germination for the
given experimental drying conditions.
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