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Abstract

In this work, the optimal process to improve the efficiency of microwave drying of rice is studied. The optimal
conditions for reducing the crack rate and improving the head rice rate are analyzed according to the principle
of the orthogonal experiment. The optimization method of the rice microwave drying process parameters is pro-
posed to simultaneously consider the two indicators, namely, crack and head rice rates, based on the grey system
theory. The grey correlation degree analysis is carried out on the process conditions of the microwave drying rice.
The result shows that the main factor affecting the integrity rate of the rice grain is the vacuum degree, and the
main factor affecting the crack rate is the loading thickness. The grey correlation degree curve of head rice and
crack rate fluctuates greatly, and the correlation between the two indexes is high. According to the grey correla-
tion degree, the optimal parameters are microwave power of 500 W, vacuum degree of 0.02 MPa, and loading
thickness of 0.027 m. The head rice and crack rate are both optimized when drying under the parameters. The
results provide a guiding method for the study of the correlation degree between drying indexes and provide a

method basis for the further selection of the best drying process.
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Introduction

After harvest, the rice may have high moisture content
and high activity and still maintains strong respiration.
Under the respiration, the rice itself may produce a
substantial amount of carbon dioxide and heat, thereby
sharply increasing the temperature while consuming
considerable nutrients. When the temperature reaches
a critical point and is in a suitable temperature range,
harmful bacteria in the rice may multiply in large num-
bers, accordingly the rice may deteriorate and rot in a
short period of time (Luo et al., 2020; Zhang et al., 2019).
Rice needs to be fully dried before storage to avoid these
problems. Traditional drying methods, such as flame, hot
air, steam, and electric heating, are for external heating
and drying. When the heat is absorbed by the surface of
the material, it may penetrate the interior through heat

conduction, and the heating and drying may be real-
ized. However, microwave drying is a method of internal
heating. This approach has the advantages of fast drying
rate, uniform temperature distribution, cleanliness, and
high product quality (Khan et al., 2020) and overcomes
the uneven heating of the medium, low efficiency, high
consumption, and other disadvantages caused by tradi-
tional drying methods. Compared with traditional drying
methods, microwave drying slow down the deteriora-
tion of texture quality and gelatinization characteristics
of rice, and reduces the consumption of nutrients such
as starch during storage (Yuan et al., 2018). Microwave
drying technology has been gradually applied to the pro-
cessing of agricultural products.

During microwave drying of rice, the molecules are in a
microwave electric field with a short oscillation period
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and a high frequency. Polarization occurs, and the mol-
ecules are neatly arranged along the direction of the
microwave electric field. The molecules rotate as the
direction of the alternating microwave high-frequency
electric field changes. These molecules produce violent
collisions and frictions. Part of the microwave energy is
converted into molecular kinetic energy and expressed in
the form of heat (Figure 1), thereby resulting in the sharp
increase of the water vapor pressure in the rice. Under
the pressure, the water in the rice is gradually evaporated
to dry the rice (Zheng et al., 2018).

Research on the microwave drying process of some agri-
cultural products has been carried out worldwide. Yang
et al. (2016) conducted orthogonal experiments on cassia
leaf oil by using ultrasonic-microwave drying equipment.
Jahanbakhshi et al. (2020) found the kinetics and qual-
ity properties of pistachios under different microwave
powers and ultrasound (US) pretreatment at different
times. They obtained the optimal process conditions for
extracting cassia leaf oil from ultrasonic-microwave dry-
ing. Song and Wang (2020) performed microwave drying
of the purple potato chips, discussed the drying char-
acteristics under different process conditions, and pro-
posed a drying kinetic model. Taheri et al. (2020) used
microwave fluidized bed dryers to dry and disinfect the
seeds of red lentils and studied their microwave drying
kinetics. Abbaspour-Gilandeh et al. (2019) investigated
the drying kinetics of walnuts including specific energy
consumption, shrinkage, and walnut kernels’ color in the
ultrasonic microwave. Barreto et al. (2019) studied the
use of continuous cycle microwave vacuum pulse heat-
ing to produce oil-free potato snacks and evaluated the
drying kinetics and product physical properties. The
technology of microwave drying of rice was optimized
by orthogonal experiment, and the influence degree of
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Figure 1. Principle of microwave drying of rice.
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different factors was studied. Moreover, this work ana-
lyzes the experiment with grey correlation theory and
studies the influence of each influencing factor on micro-
wave drying of rice and optimal process conditions.

Materials and Methods
Experimental method

Rice with full and no empty husk from the same spe-
cies and region was used as the experimental material.
Specific initial moisture content of 25% (error must not
exceed 2%) of rice was obtained by soaking before the
experiment. The experimental equipment includes a
microwave vacuum drying oven, an electronic analyti-
cal balance, a capacitive grain moisture meter, and a rice
huller.

The moisture content of rice needs to be calculated in the
drying experiment. The moisture of rice is shown as dry-
based and wet-based moisture. In this study, wet-based
moisture is used as moisture content. Wet-based mois-
ture is divided into the ratio of moisture mass in rice to
total rice mass (Jiang et al., 2019; Li et al., 2018b; Zhou
etal., 2019):

M, ="M 3009 1)
m

t

where, M_ is the moisture content of wet-based rice, m, is
the quality of rice at the drying time t, and m, is the qual-
ity of the dry matter in rice.

About a hundred grains of rice were randomly selected
from dried rice, and the head rice rate was calculated by
counting the complete number of shelled rice grains, and
the crack rate was calculated by observing the number of
cracks on the surface of the fine rice grains.

Experimental equipment includes microwave vacuum
drying oven, electronic analytical balance, capacitive
grain moisture meter, and huller. A microwave vacuum
drying oven is used for drying rice in the orthogonal
experiment. An electronic analytical balance is used to
weigh the quality of rice. A capacitive grain moisture
meter is used to measure the initial moisture content of
rice. A huller is used for hulling the selected rice.

The microwave drying experimental analytical process
(Figure 2) includes preprocessing, orthogonal experi-
ments, and grey correlation analyses.

Orthogonal experiment
An orthogonal experiment is an experimental method to
study the multifactor level, and it is based on orthogonality
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Pre-treatment of
the experiment
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Figure 2. The experimental analytical process of microwave drying.

from the comprehensive test to select parts with uniform
dispersion and symmetrical comparability characteris-
tics for experiments; then, a line chart is drawn according
to the results, and conclusions will be correspondingly
obtained (Li et al., 2018a; Liu et al., 2018; Yang et al., 2016).

With the index of the percentage of head rice and brown
rice crack rate, the orthogonal table L (3*) was used,
and three levels were selected for the experiment (Deng
et al., 2018; Tang et al., 2019). The settings of factors and
levels are shown in Table 1. Microwave power refers to
the power of the microwave during rice drying. Vacuum
degree refers to the pressure inside the chamber when
the rice is dried. Loading thickness refers to the thickness
of rice in the drying container.

Table 1. Orthogonal experimental factors and levels.

The initial moisture content of rice was measured by a
capacitive grain moisture meter before each experiment.
The influencing factors were controlled according to the
orthogonal experimental table, and the rice was dried in
a microwave vacuum drying oven. The rice was weighed
after drying. Some grains were randomly selected from
the rice and hulled with a rice huller. Thereafter, the rice
grains were observed and analyzed, and the head rice and
crack rates were calculated. The experimental steps were
repeated according to the orthogonal experimental table.

Grey correlation analysis

The original data matrix and initial value sequence of the
head rice and crack rates are established according to
the data obtained from the orthogonal experiment. The
sequence difference and extreme difference between the
indicators are calculated. The grey correlation coefficient
and grey correlation are calculated and drawn into a line
chart. The correlation between the head rice and crack
rates is determined, the extreme difference analysis is
carried out, and the optimal process parameters are fur-
ther obtained from it.

The grey system refers to a system with some unknown
information, which can be further elaborated by grey

Level Factor
Microwave Vacuum Loading
power (W) degree (MPa) thickness (m)
1 300 0.02 0.015
400 0.04 0.027
500 0.06 0.038
12
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variables (Xie and Chen, 2018; Xie and Xin, 2014). The
grey correlation analytical method is part of the grey sys-
tem theory, and the grey correlation is the measure of the
size of the association between different things and indi-
cators (Shinde Anil and Pawar Prashant, 2017; Sun et al.,
2018). This method quantitatively describes the mutual
influence and change between things and indicators (i.e.,
the size, direction, and speed of change). If the changes
between things are same as those between indicators,
then they are more correlated; otherwise, they are less
correlated (Ding et al., 2018). In this study, the two indi-
cators, namely, head rice and crack rates are calculated to
determine the correlation between them. The similarity
between the curves of the head rice rate and the crack rate
is used to determine whether the two are closely related
according to the central idea of the grey correlation ana-
lytical method. The correlation of the corresponding
indicator is great when the two curves are close, and vice
versa. The grey correlation analytical method is as follows.

We set the series of the system to be (Pagar and Gawande,
2020):

X' =(X(1)), X(2),-+-+-X(n)) 2)

where, n is the number of experiments of microwave dry-
ing of rice; and X(1), ..., X(n) is the series of head rice and
crack rates after each microwave drying experiment.

The correlation coefficient between the head rice and the
crack rates is as follows (Gao et al., 2018; Sun et al., 2018):

P mainm/}in‘Xo(ﬁ)—Xa(ﬂ)‘+pm§1xm;1x‘xo(ﬁ)—xa(ﬂ)‘
r =
w ‘Xo(ﬂ)fxa(ﬁ)‘+pm§1xmﬁax‘xo(ﬂ)*Xa(ﬁ)‘

®3)

The grey correlation degree between the head rice and
the crack rates is as follows (Zhang et al., 2018):

Optimization method of microwave drying process parameters for rice

Results and Discussion
Orthogonal experiment

Nine samples and conduct microwave drying experi-
ments were prepared according to Table 1. The initial
moisture content of each group of rice samples was con-
trolled at 25% + 2%. We control the influencing factors
according to the orthogonal table used in Table 2 and put
the rice into the microwave vacuum drying oven to dry
for 8 min. Thereafter, we remove the rice and sufficiently
cool it before weighing. We randomly select 100 grains of
rice. The grains were hulled with a rice huller. The head
rice and crack rates were calculated, and they were ana-
lyzed as inspection indicators. The results of the experi-
ment are shown in Table 2.

Analysis of the crack rate results

The mean value and range of the crack rate are calcu-
lated according to the orthogonal experimental results
shown in Table 2 (Deng et al., 2018; Guo et al., 2017).
The calculated data are shown in Table 3, and the histo-
gram is plotted as shown in Figure 3. Table 3 and Figure 3
demonstrate that the range of crack rate at the loading
thickness level is equal to 0.042, at the vacuum level is
equal to 0.041, and at the microwave power level is equal
to 0.031. The loading thickness and vacuum degree have
a great influence on the crack rate of the microwave dry-
ing rice. The crack rate of rice under the influence of vac-
uum degree fluctuates from 17.3% to 21%. Meanwhile,
the crack rate of rice under the influence of the loading
thickness fluctuates from 15.6% to 19.8%. The fluctua-
tion range of crack rate is approximately 4% under both
factors. The microwave power has the least effect on the
rice crack rate, which fluctuates from 17.1% and 20.2%.
Specifically, the loading thickness and vacuum degree
have a great impact on the crack rate. A low crack rate
is good to maintain the optimal quality of rice. Thus, the
optimal conditions for microwave drying rice are as fol-

r(xy,X,) :lzn:ra (8) (4) !ows: the microwave power is ETOO W, tbe vacuum degree
ngs5 is 0.02 MPa, and the loading thickness is 0.038 m.

Table 2.  L,(3%) Orthogonal table and experimental results.

Serial no. Microwave power (W) Vacuum degree (MPa) Loading thickness (m) Head rice rate Crack rate

1 300 0.02 0.015 7% 18.20%

2 300 0.04 0.027 79% 15.20%

3 300 0.06 0.038 78% 18%

4 400 0.02 0.027 83% 19.20%

5 400 0.04 0.038 70% 14.30%

6 400 0.06 0.015 75% 20%

7 500 0.02 0.038 83% 14.50%

8 500 0.04 0.015 85% 21.20%

9 500 0.06 0.027 74% 25%
Quality Assurance and Safety of Crops & Foods 13 (3) 13
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Table 3. Orthogonal experimental analysis of the crack rate.

Serial no. Microwave power level Vacuum degree level Loading thickness level Crack rate
1 1 1 1 18.20%
2 1 2 2 15.20%
3 1 3 3 18%

4 2 1 2 19.20%
5 2 2 3 14.30%
6 2 3 1 20%

7 3 1 3 14.50%
8 3 2 1 21.20%
9 3 3 2 25%
Mean value 1 0.171 0.173 0.198

Mean value 2 0.178 0.169 0.198

Mean value 3 0.202 0.210 0.156

Range 0.031 0.041 0.042

0.30

Mean value 1
) Mean value 2

0.25 Mean value 3
Range

0.20

0.154

0.10—

0.05—

0.00 y T

Microwave power level

Figure 3. Columnar analysis of the crack rate.

The variance calculation of the crack rate is carried out
according to the results of the orthogonal experiments
(Deng et al., 2018; Guo et al., 2017), and the analytical
data are shown in Table 4. The quadratic sum of crack
rate deviation under varying microwave power values
is 0.002, that under different vacuum degrees is 0.003,
and that under diverse loading thicknesses is 0.004. This
finding shows that the order of the influencing degree of
different factors on the crack rate is as follows: loading

Vaccum degree level

Loading thickness level

thickness>vacuum degree>microwave power. The result
is consistent with the range analysis.

Analysis of the head rice rate

The average and range of the head rice rate are calculated
according to the results of the orthogonal experiments
(Deng et al., 2018; Guo et al., 2017). The calculated data
are shown in Table 5, and the analytical histogram is pre-
sented in Figure 4. Table 5 and Figure 4 demonstrate that

14
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Table 4. Crack rate variance analysis.

Factor Quadratic sum of the deviation Degrees of freedom F ratio F thresholds
Microwave power 0.002 2 0.667 5.140
Vacuum degree 0.003 2 1.000 5.140
Loading thickness 0.004 2 1.333 5.140
Error 0.01 6

Table 5. Orthogonal experimental analysis of the head rice rate.

Serial no. Microwave power level Vacuum degree level Loading thickness level Percentage of head rice
1 1 1 1 7%
2 1 2 2 79%
3 1 3 3 78%
4 2 1 2 83%
& 2 2 3 70%
6 2 3 1 75%
7 3 1 3 83%
8 3 2 1 85%
9 3 3 2 4%
Mean value 1 0.780 0.810 0.790
Mean value 2 0.760 0.780 0.787
Mean value 3 0.807 0.757 0.770
Range 0.047 0.053 0.020
1.0
| Mean value 1
Mean value 2
0.9 Mean value 3
T Range
0.8
0.7 =
0.6
0.5-
0.4
0.3
0.2+
0.1
0.0 | T | T '
Microwave power level Vaccum degree level Loading thickness level

Figure 4. Columnar analysis of the head rice rate.
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the range of the head rice at the vacuum level is 0.053, at
the microwave power level is 0.047, and at the level of the
loading thickness is 0.020. The vacuum degree has a great
influence on the head rice rate, and that affected by the
vacuum degree fluctuates from 75.7% to 81%. The micro-
wave power has a second effect on the head rice rate, and
that affected by microwave power fluctuates between
78% and 80.7%. The loading thickness has the least effect
on the head rice rate, and that affected by the loading
thickness fluctuates between 77% and 79%. The range
of the head rice rate fluctuations under the influence of
microwave power and the loading thickness is also small
and stable, with a difference of only approximately 2%.
During the microwave drying of rice, the percentage of
the head rice should be high to preserve the nutritional
value of rice. In terms of the head rice rate, the optimal
conditions for microwave dry rice are as follows: the
microwave power is 500 W, the vacuum degree is 0.02
MPa, and the loading thickness is 0.015 m.

The variance calculation of the head rice rate is carried
out according to the orthogonal experimental results
(Deng et al., 2018; Guo et al., 2017). The analytical
data given in Table 6 illustrate that the deviation qua-
dratic sum of the head rice rate under different micro-
wave power values is 0.003, that under various vacuum
degrees is 0.004, and that under diverse loading thick-
nesses is 0.001. The degree of influence of the different
factors on the head rice rate is sequenced as follows:
vacuum degree > microwave power > loading thick-
ness. The result is consistent with the range of analytical
results.

Process parameter optimization

The optimal combination of the parameters for the head
rice rate is A3B1C1 (i.e., the microwave power is 500 W,
the vacuum degree is 0.02 MPa, and the loading thick-
ness is 0.015 m). The head rice rate is high under this
process parameter, and the brown rice after threshing
has mostly intact rice grains, but the crack rate of brown
rice also increases, which is not the optimal situation.
The optimal combination of parameters for the brown

thickness is 0.038 m). In this circumstance, the crack rate
of the brown rice is low, but its head rice rate is reduced.
These analyses are optimized for a single indicator. A set
of parameter combinations must be determined; such
combinations can consider the head rice and crack rates
simultaneously, which can be realized by establishing the
grey correlation model of the above-mentioned differ-
ent factor levels to a single target (Jong et al., 2019). The
grey correlation model can combine the head rice and
crack rates into a single target as a comprehensive eval-
uation index and carry out the search for a single target
to expect microwave drying of rice to achieve the optimal
process (Chen et al., 2017).

The results of the nine sets of experimental data are
treated as a grey system. The matrix is established using
the head rice and crack rate data in the orthogonal exper-
iment of the microwave drying of rice. When n = 1,

0.77 0.74
X(l): 0.182 H When n = 9, X(9): 025 ; and SO on.

The original data matrix is as follows:

[x]
077 079 078 083 070 0.75 0.83 085 074
~10.182 0152 018 0192 0143 02 0.145 0212 025

(5)

The reference data column is a relatively idealized opti-
mal process sample and the standard of the comprehen-
sive evaluation, which can be the best value (or the worst
value) of each indicator to form a reference data column.
Other reference values can also be selected according to
the evaluation purposes. The reference number series
recorded as follows:

(X)) = Xgp Xgpr o X} 6)

According to the meaning of the two evaluation indica-
tors of the head rice and crack rates, the maximum head
rice rate and the minimum crack rate are regarded as the
optimal values. The optimal values of the two indicators
are selected in nine groups of experiments to form a ref-
erence series:

rice crack rate is A1B1C3 (i.e., the microwave power is [X,]= 0.8500 7)

300 W, the vacuum degree is 0.02 MPa, and the loading " 10.1430

Table 6. Variance analysis of the head rice rate.
Factor Quadratic sum of the deviation Degrees of freedom F ratio F thresholds
Microwave power 0.003 2 1.125 5.140
Vacuum degree 0.004 2 1.500 5.140
Loading thickness 0.001 2 0.375 5.140
Error 0.01 6
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The initial value sequence is calculated on the basis of
the non-dimensionalization of the original data matrix
(Kong et al., 2018):

X!,
(X]=22

0i

8)

where, i is the number of the rows of the matrix, i = 1, 2; and
j is the number of the columns of the matrix, j=1,2,...9.

The calculation result is expressed as follows:

(x]
0.9058 09294 09176 09765 0.8235 08824 09765 1 08706
T|12727 10629 12587 13426 1 13986 10140 14825 17483
)
We find the difference in the sequence:
AB) = X, (B) - X, () (10)

where, a is the number of factors affecting microwave
drying of rice, a = 1,2; and «a indicates the number of
microwave drying experiments, f = 1,2,...9.

The calculation result is expressed as follows:

A
0.0800 0.0600 0.0700 0.0200 0.1500 0.1000 0.0200 0 0.1100
~10.0390 0.0090 0.0370 0.0460 0 0.570  0.0020 0.690 0.1070
(11)

The range between the indicators is (Sun et al., 2018):

M =maxmaxA,, (3)
¢ 7 (12)
m= mmmﬁon’a (B)

a

According to equations (11) and (12), the largest element
in the matrix is 0.15, and the smallest one is zero (i.e.,
M =0.15and m = 0).

The correlation coefficient between the crack and the
head rice rates can be calculated from the following for-
mula (Gong et al., 2019):

Optimization method of microwave drying process parameters for rice

where, p is the resolution coefficient, generally selected
within (0,1). If the resolution coefficient is small, then the
difference between the correlation coefficients is large,
and the distinguishing ability is strong. Generally, the
resolution coefficient is 0.5.

The correlation coefficient between the crack and the
head rice rates is calculated according to equation (13),
and the result is shown in Table 7.

The correlation of the reference series is determined by
nine correlation coefficients, and the grey correlation
between the crack and the head rice rates is (Pagar and
Gawande, 2020; Sun et al., 2018):

(14)

1 9
r(xo,xa)zglér(m (ﬂ)

The grey correlation degree between the crack and the
head rice rates is shown in Figure 5. The head rice rate
fluctuates between 0.7 and 0.85. Meanwhile, the crack
rate fluctuates between 0.14 and 0.25. In the first three
sets of experiments, the values of the head rice and crack
rates slightly fluctuated, and the curve was relatively flat.
Later, the value of the head rice rate reaches the first
peak and then rapidly decreases. This value reaches the
minimum value of 0.70, slowly rises to the maximum
value of 0.85, and then begins to decline. The crack rate
slightly fluctuates, goes through three troughs and two
peaks, fluctuates in the range of 0.15 to 0.20, and finally
rises to a maximum of 0.25. In summary, the grey cor-
relation curve significantly fluctuates and goes through
three peaks and two troughs. Finally, the curve rapidly
drops. The maximum grey correlation degree on the
entire curve is 0.8817, and the minimum is 0.4087. The
grey correlation degree greatly varies, but most values are
above 0.5, thereby showing that the correlation between
the head rice and the crack rates during microwave dry-
ing is relatively large. The optimal drying process can also
consider the head rice and crack rates.

The mean value and range can be obtained using the grey
correlation value between the head rice and crack rates
(Table 8). The result is good when the value of the grey
correlation between the head rice and the crack rates is

m+ pM large. The experimental parameter with the highest aver-
w(f)= (13) be regarded as the optimal
A, ( ﬁ) +pM age can be regarded as the optimal process parameter.
Table 7.  Correlation coefficients of the influencing factors.
Evaluation indicator Serial no.
1 2 3 4 5 6 7 8 9
Head rice rate 0.4839 0.5556 0.5172 0.7895 0.3333 0.4286 0.7895 1 0.4054
Crack rate 0.6579 0.8929 0.6696 0.6048 1 0.5682 0.9740 0.5208 0.4121
Quality Assurance and Safety of Crops & Foods 13 (3) 17
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Figure 5. Grey correlation of the influencing factors.

Table 8. Grey correlation analysis.

Serial no. Microwave power level Vacuum degree level Loading thickness level Grey correlation
1 1 1 1 0.5709
2 1 2 2 0.7242
3 1 3 3 0.5934
4 2 1 2 0.6972
5 2 2 3 0.6667
6 2 3 1 0.4984
7 3 1 3 0.8817
8 3 2 1 0.7604
9 3 3 2 0.4087
Mean value 1 0.630 0.717 0.610

Mean value 2 0.621 0.717 0.701

Mean value 3 0.684 0.500 0.684

Range 0.063 0.217 0.152

The maximum average value of the correlation degree
in the microwave power level is 0.684, in the vacuum
level is 0.717, and in the loading thickness level is 0.701.
The maximum average values of the correlation degree
under the vacuum of 0.02 and 0.04 MPa are both 0.717.
However, the increase in vacuum degree will lead to an
increase in the head rice and crack rates simultaneously;
thus, the vacuum degree is selected as 0.02 MPa. Under
the given experiment, the optimal combination of micro-
wave drying rice is A3B1C2 (i.e., microwave power of 500
W, vacuum degree of 0.02 MPa, and the loading thickness
of 0.027 m). Although the head rice rate did not reach the
maximum, and the crack rate did not reach the minimum
under this process condition, both have been consid-
ered. Accordingly, the process parameter combination

obtained by the grey correlation method has an improved
effect, and the optimization of the results of orthogonal
experiments has been achieved.

Conclusions

In this study, the experimental method of microwave dry-
ing of rice has been discussed. The process parameters
were evaluated by the orthogonal experimental method
from two indicators: crack and head rice rates. The result
shows that the optimal process parameters under the
two indicators were inconsistent, and the method could
only be optimized for one indicator. The grey correlation
analytical method was proposed. The grey correlation

18
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degrees of the crack and head rice rates under the differ-
ent loading thicknesses, microwave powers, and vacuum
degrees were calculated. The experimental parame-
ters with the maximum average value of the correlation
degree were taken as the optimal process parameters,
considering the head rice and crack rate. The optimum
technology is microwave power of 500 W, vacuum degree
of 0.02MPa, and loading thickness of 0.027 m. The opti-
mizations of head rice rate and crack rate are considered
simultaneously. The drying effect using the parameters
is better than that considering only the optimization of
a single index, and it is also a further optimization of
orthogonal experiment results.
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