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Abstract: Moisture and total sugar content are two important internal qualities of Huizao. In order to explore their correlation
with external qualities, a novel method of moisture and total sugar content analysis was proposed based on surface images.
Firstly, five geometric features and seven texture features of Huizao were obtained to be the external quality indexes by digital
image processing technology. Secondly, the wrinkle degree as an important index was extracted by marked watershed
segmentation algorithm. According to the external quality the Huizao samples were grouped, and the moisture and total sugar
content were determined through physical and chemical methods. Lastly, the moisture and total sugar content and twelve
external indexes were all processed by step discriminatory analysis. Meanwhile, the regression models of moisture content
with short diameter, contrast, and wrinkle degree and total sugar with wrinkle degree were established. The coefficients of the
model were 0.9992 and 0.9978 respectively, and all the significance was less than 0.01, which show that the regression equation
and regression coefficient effect are highly significant. The results indicate that the moisture and total sugar content of Huizao
are greatly correlated with the wrinkle degree. The moisture and total sugar content are the highest when the wrinkle degree is
at 2 to 3 grade, and they decrease gradually with the wrinkle degree increasing. Moisture content shows positive correlation
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with the size of Huizao.
reference for improving Huizao grade diversity.

The results of model analysis agree well with the experimental results, which can provide valuable
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1 Introduction

Moisture and total sugar content are the main indexes of dried
Jujube internal quality!”. Traditional methods for detecting fruits
moisture and total sugar content mainly depend on physical and
chemical analysis. Analyzing the material based on specific
physical and chemical reactions and metrological relationships has
the characteristics such as high precision, cumbersome operation,
time-consuming, destructive and high reagents cost™". Presently,
many fast non-destructive testing technologies are gradually
replacing the traditional chemical testing in some fields, especially,
image processing technology based on machine vision has been
widely used in the determination of moisture and total sugar
content™”).  Wattanavicheanand et al.’®) analyzed maturity of 'Kao
Nampheung' pummelo by measuring both size and density of oil
glands on the fruit surface with a developed image processing
program. The experimental results showed that the average size
and density of oil glands had positive and negative quadratic
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correlation with fruit age, respectively. A vision sensing device
was developed by the production system engineering laboratory of
Okayama University in Japan, and the gradient filter was used to
process the image of equipment to evaluate the surface glossiness
of eggplant. Distinguishing various glossiness states of the fruit
was made possible by analyzing the specular reflectance of the fruit
surface”.  With the image texture eigenvalue analysis as the main
technology, Li et al.l'” explored a real-time measurement method
of using process material image to show the moisture content of
apple during freeze-drying process under vacuum freeze-drying
condition, and proved that the moisture content can be monitored
on line based on texture features of fruits and vegetables. The
relative error of the model was less than 3%.

There are few studies on the internal quality of dry Jujube with
image processing technology, some researches are focused on the
internal quality of fresh Jujube. Xue et al.!'"! tested the external
natural damage and internal soluble solids content of Huping
Jujube through models by using hyperspectral imaging technology.
Lee et al.l'*'¥ took with the size and maturity of Yezao as the
grading indexes, in which the maturity index was determined by
the surface color, and proposed a color space conversion and color
distribution analysis technology. Linear calibration system of
surface color and maturity was established and the robustness is
relatively high.

The external characteristics of dried Jujube, such as color,
shape and texture, are also the reflections of their internal quality!"¥.
How to extract the external characteristics of dry Jujube by
effective methods, establish the correlation between external
characteristics and internal quality, and reflect the internal quality
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of red dates based on the external characteristics is significantly
important to reduce the difficulty of grading, improve the grading
speed and increase the diversity of the grade. In this study, the
correlation between moisture and total sugar content with surface
texture characteristics of Huizao were explored under the same dry
conditions, and step discriminatory analysis was proposed to
analyze the total sugar and moisture content of Huizao to realize
the fast non-destructive detection of Huizao internal quality.

2 Materials and methods

2.1 Experimental set-up

The experimental materials were 300 Xinjiang Akesu
Ruogiang Huizao without obvious defects, which were harvested in
middle September 2016. The diameter of these Huizao samples
was 18-28 mm and the surface texture differed from smooth to
wrinkle. In order to avoid the impacts of external environmental
variables on the quality of Huizao, all the samples’ conditions were
the same, such as varieties, origin place, climate, cultivation and
dry conditions. The instrument used was composed of three parts:
1) Image acquisition device: MER-200-14GC color CCD camera
with frame rate 14 fps, OPT-C2514-5M lens with 25 mm and F1.4,
OPT- RIA211 color LED ring light source; 2) Moisture detection
equipment: HB43-S compact halogen moisture detector produced
by METTLER TOLEDO Company; 3) Total sugar measurement
equipment: thermostatic water bath, thermostat electric furnace,
beater and some chemical reagents.

2.2 Measurements
2.2.1 External quality detection

The external quality of Huizao mainly includes geometric
features (long diameter, short diameter, circumference, area, fruit
shape index, etc.) and texture features (wrinkle degree). These
external quality indexes were realized by digital image processing
based on MATLAB platform.

Firstly, the 300 Huizao samples were numbered from No.l to
No0.300. Then the environment and parameters of the image
acquisition device were adjusted: object distance is 25 cm, light
intensity is 35 000 Ix, and exposure time is 2250 us.  In this study,
the complementary light theory was used to capture the images of
Huizao under cyan light environment. In order to collect the
texture information of the entire surface of Huizao as much as
possible, three images of each Huizao were collected, which can
show the entire surface of Huizao, and the average value of the
three images represents the information of one whole Huizao.
The specific image processing is shown in Figure 1.

e. Clipped image f. De-noised image g. Filtered image

Figure 1

(1) Geometric features

The binary processing (Figure 1c) of the fixed threshold (7 =
200) was performed by the G (Green) channel (Figure 1b) of the
original image (Figure la), and the length and width of target area
minimum enclosing rectangle!”” (Figure 1d) approximately
represent long diameter L and short diameter /# of each Huizao, the
shape index is the ratio of long diameter to short diameter.

The circumference P of Huizao is the sum of all the pixels in
the contour, and the area A is the number of all the pixels in the
target area.

(2) Texture features

The three principal approaches used in image processing to
describe the texture of a region are statistical, structural, and
spectral.  Statistical approaches yield characterizations of textures
as smooth, coarse, grainy, and so on. Structural techniques deal
with the arrangement of image primitives, such as the description
of texture based on regularly spaced parallel lines. Spectral
techniques are based on properties of the Fourier spectrum and are
used primarily to detect global periodicity in an image by
identifying high-energy, narrow pecks in the spectrum!®. The
texture of Huizao is irregular and there is no periodic, so the texture
analysis method based on the statistical properties of brightness
histogram was chosen. The main manifestation of Huizao texture
is uneven wrinkle on the surface, which is a space texture. Based
on this property of Huizao texture, a method to describe the texture
of Huizao was proposed based on the marked watershed
segmentation algorithm!'”?"! for extracting wrinkle area.

The background of the original image occupies too much area.
In order to minimize the amount of information to be processed and
to increase the speed of the algorithm, the G-channel gray-scale
image was clipped along the external rectangle, which is the
binarized Huizao contour, and the clipped image is shown in Figure
le. Morphology denoising (Figure 1f) and local range filtering
(gradient amplitude image Figure 1g) were performed on the
clipped images. Foreground mark (Figure 1h) and background
mark (Figure 1i) were processed on the denoised images, and then
the magnitude image was modified to the final segmentation
function by the minima imposition of the marked image area, and
finally the watershed segmentation (Figure 1j) was performed.
The wrinkle of Huizao was finally marked in the form of regions,
and the wrinkle degree was described by the number of regions.

The mean, contrast, R (normalized red component), third
moment, uniformity, entropy and wrinkle degree were used as
seven indexes to measure the texture information of the Huizao.

c. Binary image d. Minimum enclosing rectangle

i. Background markers  j. Segmented image

h. Target markers

Acquisition algorithm of external qualities
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2.2.2 Internal quality testing

The weight of single Huizao pulp is about 1.94-7.17 g, which
is not enough to measure the moisture content and total sugar at the
same time. It is necessary to classify all the Huizao samples, and
the principle of classification is to make the external quality of
Huizao in the same group as close as possible.

First of all, taking the wrinkle degree as the classification index,
all Huizao samples were divided into 6 grades by using the
K-Mean clustering algorithm®?!! (Figure 2a). The descriptive
frequency statistics of wrinkle degree of all Huizao samples was
carried out, as shown in Figure 2b, the results tended to the
Gaussian distribution. Therefore, the number of subclasses of
each grade should also be different. Then, the clustering analysis
of each grade was processed based on the comprehensive indicators
of geometric characteristics. At last, after removing the Huizao
that cannot be in a separate group, all the rest Huizao were divided
into 29 groups. The number of 6 grades is 3, 6, 7, 5, 5 and 3
respectively. The kernels of Huizao were cut out by knife, and the
pulp was diced into ground pulp, which were mixed in sealed bags,

and then 29 samples were obtained.
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Figure 2 Charts analysis on the index of wrinkle degree of Huizao

The moisture content of Huizao was measured by HB43-S
compact halogen moisture detector. When detecting, clean
aluminum sample plate was put into the detector and the detector
was calibrated and returned to zero automatically. Picking 3g
Huizao samples into the aluminum sample plate and the instrument
started heating automatically. =~ When it was heated to the
maximum temperature of 105°C and the number was stable, the
moisture content was recorded.

Total sugar content was tested according to GB/T
10782-20062.  The principle is to calibrate the Fehling reagent
and 10 mL Fehling mixture is determined to be equivalent to the
quality of the glucose. The Fehling mixture solution was added to
Huizao immersion filtrate to do the titration, and the total sugar
content in the sample was calculated by the volume of the test

solution, the mass of the sample, the dilution ratio and the 10 mL
Fehling mixture equal to the glucose quality. The calculation
formula is:

_Ax6250 149 )

1

where, X is total sugar content in the sample, g/100g; 4 is 10 mL
Fehling mixture that equals to the glucose quality, g; m is the
quality of the sample, g; ¥ is the volume of the test solution
consumed during the titration , mL; 6250 was the dilution ratio.

3 Results and discussion

3.1 Experimental results

Based on the test results, taking size and wrinkle degree as the
independent variables, the qualitative analysis of the moisture
content and the total sugar change was carried out, and it was
shown in Figure 3.
Huizao.
However, there is no obvious correlation between the total sugar
content and the size. The moisture content and total sugar of
Huizao are the highest when the wrinkle degree is between grade 2
and grade 3, and then decrease while the wrinkle degree increases.
The Huizao in grade 1 have the highest degree of R (normalized),
but the moisture content and total sugar content are relatively low,
which is due to fruit plumpness and low elasticity caused by early
picking.

3.2 Step discriminatory analysis

Step discriminatory analysis®®”
analysis method, which is a process of continuous screening
variables and repeating “introduction” and “elimination” of the
Every time when one of the most important variables is
introduced, it is checked whether the previously introduced
variable becomes non-significant with the introduction of the new
variable, and the variable that is not significant in the discriminant
is eliminated. The process repeats till all the variables in the
discriminant are very significant and there are not variables that
influence the significance. Step discriminatory method is with
small amount of analysis and calculation and good practical results.
It is still a widely used variable selection method.

The external quality of all the Huizao in one sample are almost
the same, so the average value of each external quality of each
sample is taken as the external quality value of the sample, and 29
sets of data are formed with the measured moisture and total sugar
In the IBM SPSS Statistics v21 environment, the results
in Table 1 were obtained by step discriminatory analysis with 12
quality indexes as the independent variables and moisture content
and total sugar as the dependent variables.
wrinkle degree contributes the most to the total sugar content,
which indicates that the total sugar is mainly related to the texture
index. The moisture content is mostly bound up with the short
diameter, wrinkle degree and the contrast, which shows that the
moisture content is related to the geometric and texture indexes.

(1) Moisture content analysis

The moisture content, short diameter, contrast and wrinkle

The moisture content is related to the size of
The larger the size, the higher the moisture content is.

is a multivariate statistical

variables.

content.

It can be seen that the

degree were analyzed by multiple nonlinear regression analysis.
According to the idea of “transforming nonlinearity into linearity”,
the ternary polynomial fitting was carried out, and the number of
polynomials is gradually increased and finally the model is ternary
cubic polynomial:

S=a\N+a;N*+a;N* + aseN+asWN+agWeN )
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Figure 3 Correlation curves of moisture content, total sugar and
size, wrinkle degree

Table 1 Results of step discriminatory analysis

Depgndent Model Ir}put . Method
variable variables  quantity
Moisture ! Short diameter Stepping (criterion: Probability
2 Wrinkle of F-to-enter<0.050, Probability
content
of F-to-remove>0.100)
3 Contrast
Stepping (criterion: Probability
Total Sugar 1 Wrinkle of F-to-enter<0.050, Probability

of F-to-remove>0.100)

The model of moisture content after fitting is:
§=-0.02159N—0.00014N>+0.000371N>+0.012422 WN~—
0.00015¢N+5.75x107 WeN 3)
where, a|, ay, a3, a4, as, ag are polynomial coefficients; c is standard
deviation; N is wrinkle degree; W is short diameter, mm; S is
moisture content.

The fitting results are listed in Table 2, the residual error of all
data is in the interval range of -0.02 to 0.015. And the distribution
is shown in Figure 4. The correlation coefficient R* is 0.9992
which shows that all the variation of the moisture content can be
explained with the three indexes by the regression relation. The
value of insignificance F is close to zero, and the regression
equation fitting and regression coefficient are extremely significant.

Table 2 Results of non-linear regression of moisture content

Regression Regression ~ Parameter Significance test ~ Determination
analysis terms estimation probability P coefficient R
N -0.02159 0.00795
N -0.00014 4.17E-14
F=5320.391 5
N 0.00037 0.00053
ionifi 0.9992
Significance 0.01242 0.00063
F=1.29E-33
cN -0.00015 0.00083
WeN 5.75E-07 1.93E-10
0.015 A

0.010

0.005

0

13: 15 17 9 21323 25 27 29

=0.005

-0.010 |

=0.015

[

~0.020Y
Figure 4 Residual plot of moisture content

(2) Total sugar analysis

A preliminary curve of the total sugar-wrinkle degree was
estimated with SPSS and it is shown in Figure 5. By combining
the fitting situation of all the curves in the picture and comparing to
the ANOVA table, it is concluded that the cubic function model
can better reflect the correlation between the total sugar and
wrinkle degree. Therefore, cubic curve fitting was done between
the total sugar and wrinkle degree, and the fitting results are shown
in Table 3 (before correction). R? is 0.5778, indicating that the total
sugar can’t be explained by wrinkle degree well. Significance F
is 6.66x10™, which is less than 0.05, shows that the regression
equation is significant. Seen from the model coefficient, only the
standard error of the constant term is relatively large and the
probability value P is 0.8758, lager than 0.05, which illustrates that
the constant term of the regression coefficient is not significant and
the regression model needs to be modified. On the premise that
the regression model is significant and the mismatch term is not
significant, and on the principle that significance influence value P
should be smaller and the extremely non-significant items are
removed, the regression model was cleared and a new regression

model was obtained after refitting the curve:
7=0.02544N-0.00032N*+1.2410°N? “)

where, T is total sugar; N is wrinkle degree.
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The statistics of testing the regression model is shown in Table
The correlation coefficient R is 0.9987 after
The model fitting degree is very high. The F value,

3 (after correction).
correction.
which is to test the significance of regression variance, increases
rapidly. Significance F is about 0 and it is much less than 0.05.
The regression equation effect and the regression coefficient are
improved significantly.

Table 3 Results of non-linear regression of total sugar

Regression Parameter ~ Significance test Determination

terms  estimation  probabilityp  coefficient R?
constant 4 308 0.8758
F=11.4089  term
Before N 0.0241 0.0068 0.5778
correction Significance ’
F=6.66E-05 M ~0.0003 0.0099
N 1.17E-06 0.0190
constant 0 R
F=6725.491  ferm
After N 0.0254 1.3E-21 0.9987
correction Significance
F-186E36 M -0.0003 2.66E-14
N 1.24E-06 5.61E-10
e © Observed
— Linear

—- Logarithm
— Reverse
—- Quadratic
== Cubic

— Compund

Total sugar

i == Power
-5

== Growth

— Exponential
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]

Figure 5 Curve estimation of total sugar-wrinkle degree

3.4 Model analysis

In the moisture content model, the variables of diameter and
contrast were fixed, and S-N shows a cubic function relationship.
When S is the maximum value, N value is between grade 2 and
grade 3. With the contrast and the wrinkle degree as two fixed
variables, S-W shows positive correlation, that is, the larger Huizao
has higher moisture content.
highest point of the total sugar is between the wrinkle degree of
grade 2 and grade 3, and then it decreases as the degree of wrinkle
The results of the model analysis are consistent with
The larger and

In the total sugar content model, the

increases.
the previous experimental analysis results.
smoother Huizao has better internal quality.

4 Conclusions

With the digital image processing as the main technical method,
the correlation analysis between internal moisture content, total
sugar content and external twelve quality indexes was carried out
by using the step discriminatory analysis, and mathematical models
of the moisture content, the total sugar and significantly related
external indexes were established. The results show:

(1) The moisture content is related to the short diameter,

For the Huizao with about the same
For the
Huizao with about the same wrinkle degree, the larger one has
higher moisture content.

(2) The total sugar content is mainly related to the wrinkle
degree, and the correlation is in accordance with the cubic function
model.

contrast and wrinkle degree.
size, the smoother surface, the higher moisture content is.

The Huizao with 2 to 3 wrinkle degree has more sugar,
and the total sugar gradually reduces as the degree of wrinkle
increases.

(3) The fitting effect of the two models is relatively good, and
the regression coefficient is significant, which can fully reflect the
correlation between the moisture content, the total sugar content
and the external quality. The results of the model analysis are in
good agreement with the experimental results.
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