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Application of Image Processing to Determine the Tomato Fruit’s Ripeness
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Abstract: This study aims to apply image processing techniques in determining the level of fruit maturity based on
color and the relationship of color changes with physical and chemical properties in Servo F1 varieties of tomatoes.
This research has been conducted at the Laboratory of Agricultural Product Chemistry, Department of Agricultural
Technology, Faculty of Agriculture, Sriwijaya University, Indralaya. This research was conducted from February
2019 until July 2019. This study used a descriptive method. The measured parameters are color, texture, moisture
content, total sugar, and total acid. The results showed that the use of image processing methods can help the process
of fruit sorting by looking at the relationship between the percentage of red color with the age of picking, the physical
and chemical properties of the fruit. The percentage of tomato fruit red color on average ranged from 5.99% for
picking age 25+1 days AFB (After the Flowers Bloom), 36.3% for picking age 29+1 days AFB, 67.41% for picking
age 32+1 days AFB, and 76.85% for picking age 35+1 days AFB. The coefficient of determination of the relationship
between the percentage of red color with the age of picking, texture, water content, total sugar, and total acid was
0.959, 0.908, 0.902, 0.835, and 0.750, respectively.

Keywords: Tomatoes, postharvest, sorting, image processing.

1. Introduction activities is sorting [3]. Sorting is the first treatment of
freshly harvested tomatoes to sort tomatoes based on

Horticultural ~ products are ~products  with size, weight, shape, flavor, and color according to

perishable properties so special treatment is needed at

the harvest and post-harvest stages [1]. Product prices
are determined by quality, not by quantity. Unlike the
consumption of food plants, the human body requires
the consumption of horticultural plants in small
amounts but if not met will harm health. Horticultural
products are a source of vitamins, minerals, and are not
preferred as a source of protein and carbohydrates.

Tomatoes are one of the horticultural commodities
which have the potential to be developed and cultivated
as having quite high economic value. This can be seen
by its superiority as one of the agricultural commodities
which is very beneficial for the body. According to [2],
the nutritional content in every 100 grams of fresh
tomatoes is vitamin A 1500 (IU), vitamin B 60 (mg),
vitamin C 40 (mg), protein 1 (g), carbohydrates 4.2 (g),
fat 0.3(g), phosphorus 5 (mg), and Ferrum 0.5
(mg). Tomato fruit as a vegetable commodity has a
profound market prospect in terms of prices that are
affordable by all levels of society, thus opening up
greater opportunities for market absorption.

The good quality of tomato production is
influenced by various factors, one of which is post-
harvest handling. Postharvest is an activity after
harvesting. One of the decisive post-harvest
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harvest age.

Manual sorting is usually used by farmers directly
by looking at coloras a standardization of fruit
maturity [4]. Manual identification is less efficient
because it has many shortcomings including the
limitations of humans to work, requires a relatively
long time, and a low level of sorting
accuracy [5]. Therefore we need a non-
destructive method for  sorting  effectively and
efficiently without damaging the fruit. One of them is
the image processing method that can be used to help
fruit sorting which produces uniform results by prices,
uses and types of markets suitable for tomatoes [6].

According to [7], image processing is a system
where the process is carried out with input in the form
of an image and the result is also in the form of an
image. Image processing is done to improve image
quality or image information presentation. Image as
one of the multimedia components has an important
role as visual information so that the image has
characteristics that are not owned by text data. Visual
observation is not done directly using the camera as an
image processor but images are recorded and then
processed using computer software so that they can be
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used to identify fruit maturity based on color
images [8].

Based on these problems, the research was
conducted by applying image processing to determine
the degree of ripeness of tomato varieties Servo F1.
This study aims to apply image
processing techniques in  determining  the  level
of fruit maturity based on color, and the relationship of
color to changes in physical and chemical properties
in Servo F1 varieties of tomatoes.

2. Method

The method used in this research is descriptive by
presenting data in graphical form.

2.1. Procedure

The work procedure performed in this study
consisted of image capture, image processing, color,
and measurements of hardness, water content, total
sugar content, and total acid content.

2.1.1. Image Capturing
According to [9] , the image capture procedure is

as follows:

1. Tomatoes are cleaned.

2. The white paper is prepared to be used as a
background.

3. Tomatoes are placed on white paper.

4. Tomatoes are photographed using a digital camera
for their images to be captured and stored in storage
memory in the form of a bitmap format.

2.1.2. Image processing
Image processing of tomatoes is done by a

computer program that has been created using the
Visual Basic programming language. According to [9],
when the program is run, four buttons are used, namely:
filter control (scan), image display control (load
picture), refresh control button, and program control
button (quit). The steps taken in image processing are
as follows:

1. The stored tomato image data is then displayed by
pressing the load picture control button in the
dialog box. The image of the tomatoes displayed
will be displayed on the graphic display module.

2. Filtering the image of tomatoes is done by pressing
the scan button. Filtering of the image of tomatoes
is done to find the value of the projected area and
color area of the tomatoes.

3. After the filtering is complete, measurement data
are recorded so that the projected area and color area
values will be listed.

4. The RGB value is obtained by hovering the
mouse over the part where you want to know the
RGB value. RGB values are displayed on the red,
green, and blue labels while the color of the mouse
pointer is displayed on the color display box.

5. The quit button is pressed to end the program.
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2.1.3. Color Measurement
According to [10], the color measurement
procedure using a color reader is as follows:

1. The color reader is calibrated first using a standard
white plate.

2. The optical head is affixed to the white plate so that
the white part of the plate faces the light source.

3. Select the reading scale menu (L*), (a*), (b*), then
the button is pressed so that it reads a value (L*),
(@*), (b®).

4. The sample is then measured by attaching the
optical head to the tomatoes, then pressing the
START button.

5. The measurement results will read the values (L*),
(@*), and (b*) of the sample.

2.1.4. Hardness Measurement
According to [8], the measurement of the hardness

of tomatoes using a texture analyzer is based on the

level of resistance of the fruit to needle penetration

from the texture analyzer. The procedure for measuring

the hardness of tomatoes is as follows:

1. The needle-type probe is mounted on the texture
analyzer.

2. The sample is placed just below the needle-
type probe.

3. The texture analyzer speed isthen set (trigger,
distance, speed).

4. The probe will press the surface of the sample.

5. The peak load and final load numbers in units of
gram  force (GF) listed on  the display
are recorded.

2.1.5. Moisture Measurement

According to [11], the measurement of water
content in tomatoes was carried out by the
thermogravimetric method using an oven. The working
principle used is to evaporate the moisture content in

the material by heating, then weighing the material to a

constant weight. The procedure for measuring water

content (bb) is as follows:

1. The aluminum dish is dried in the oven for 30
minutes and cooled in a desiccator for 15 minutes
then weighed using an analytical balance.

2. In the form of tomatoes, 2 grams are taken which
are weighed using an analytical balance.

3. The material is then put into a cup that has known
weight.

4. The material is heated in an oven at 105°C for 6
hours.

5. The material is then cooled in a desiccator for 15
minutes.

6. The stage is repeated until the weight is
constant with consecutive weighing differences of
0.2 mg (0.0002 g).

2.1.5. Total Sugar Measurement

Sugar is the main component of dissolved solids
[12]. Measurement of ~ sugar  content  on Servo
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F1 tomatoes was carried out using a
refractometer. According to [13], the measurement
procedure to find out the sugar content is as follows:

1. Tomatoes are cut for meat, then crushed with
mortar.

2. Tomatoes that have been crushed are taken as much
as 5 g and placed in a beaker glass then the juice is
taken as much as one drop of the sample.

3. Tomato juice is placed on a refractometer prism that
has been calibrated with distilled water.

4. The ON button on the tool is pressed and the total
sugar contained in the fruit will automatically
appear.

2.1.6. Measurement of Total Acid

Measurement of total acid titration performed
using acid-base. According to [8], the total acid
measurement procedure is as follows:

1. Tomato flesh is crushed using a mortar and then
weighed as much as 5 g and 100 ml of distilled
water is added while stirring.

2. The material is put into a measuring flask for 100
ml dilution.

3. 25 ml of material is taken from the dilution process
and put into Erlenmeyer then given a PP indicator
of 1-3 drops.

4. Titration using 0.1 N NaOH solution until pink
color appear.

5. Then the initial and final NaOH solution volumes
are recorded.

2.2. Observation Parameters

2.2.1. Color Percentage

According to [14] color model is a coordinate
system specification used to facilitate color
specifications in the form of a standard. The best-
known color model on computer equipment is RGB
which consists of 3 colors namely, red, green, and
blue. The color percentage will be obtained by
the color readerusing the CIE (Commission
International de l'eclairage) system with
L*, a*, b*, coordinates,and the use  of image
processing. The L* (Lightness) coordinate states the
degree of brightness of the fruit, coordinates a*
represent the degree of the greenness of the fruit,
and b* represents the degree of yellowing of the fruit
where each value is obtained automatically from the
instrument. While the color obtained from the image
processing program is produced from a comparison of
the selected area and projection area through the
filtering process [8]

2.2.2. Water content

According to [11], water content is measured
using the thermogravimetric method. Water content is
the percentage of the water content of a material that
can be expressed based on wet weight or dry
weight. Calculation of water content using the
following formula:
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Moisture Content (bb) — A—B X100%% -veeeens (2.1)
A

Information :
A = weight of material before drying (g)
B = weight of material after drying (g)

2.2.3. Fruit Hardness

According to [8], fruit hardness is the solid value
of an ingredient. The hardness of this fruit can affect
the level of fruit maturity. The measurement of fruit
hardness is done by using a texture analyzer, which has
a diameter of 1 mm and a cone height of 5 cm.

2.2.4. Total Sugar Levels

Measurement of overall sugar content is done
using a refractometer. Measurements were made three
times, then the values were averaged. The scale on the
refractometer will automatically show the total value of
dissolved solids expressed in °Brix .

2.2.5. Total Acid Levels

Measurement of total acid content was carried out
using the acid-base titration method. Calculation of
%acidity is calculated as acetic acid with the equation:

9%Acidity — Ynaon XN o XBMXFP 1 100% ....(2.2)

Information :

Vworn = Vvolume of NaOH solution used for
titration(ml)

Nnzon = normality of NaOH solution (mol/ml)

BM = molecular weight

FP  =dilution factor

W =weight of material (mg)

2.3. Observation data
Data obtained from this study will be analyzed and

is associated with parameters that have been

done. Analysis of the data from this study are:

1. Analysis of the relationship between color and
water content.

2. Analysis of the relationship between color and fruit
hardness.

3. Analysis of the relationship between color and total
sugar.

4. Analysis of the relationship between color and total
acid.

3. Results and Discussion
3.1. Image Processing

Program image processing (image processing) is
built using the programming language Visual Basic
6.0. According to [15], image processing is a process
for observing and analyzing an  object
without damaging the observed object. The process
and analysis involve visual perception with input data
and output data obtained in the form of observed object
images. In agriculture, this program is used for post-
harvest processes, namely sorting.
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This program can be used to calculate the area of
projection, wide color content,and measure the
intensity of red, green, and blue or RGB from tomatoes.
According to [16], the RGB color model is a color
model based on the concept of adding strong primary
light namely red, green, and blue. This program
consists of several control buttons including image
display control (Load Picture), filter control (Filter),
repetition control (Refresh), and control exit program
(Quit). The appearance of the image processing
program is presented in Figure 1.

& Image Processing

RGB color

Projection Area | Load Picture

Selected Area | Scan

Percentage of thoosen color from projection area
Refresh Qurc

Figure 1. Display image processing program.

Image display control functions to display images
that have been stored in storage memory. Filter
control functions to  filter images. Repeat control
functions to return the filtered image to its original
shape. The exit control functions to exit the
program. In this program, there is also a graphic
display module that functions to display images and the
percentage of colors red, green, and blue.

The development of color models is currently
being done a lot, but the image processing process that
is often used is the RGB color model. This is because
computers generally use the RGB color model in
presenting colors so that later the color processing
value that will be generated is the RGB color
model. The image of tomatoes is taken using a digital
camera and stored in JPG format. For the image
filtering process, the image format must be changed
first to the BMP format. This is because the image
processing program can only be read by changing the
format of the image to the bitmap form. Results of
filtration of tomatoes Servo F1 on 4 maturity levels can
be seen in Figures 6, 7, 8, and 9.
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Figure 2. Display of old tomatoes at the

picking age 25+1 days AFB.
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RGB color
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Scan
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Projection Area [

Selected Area It |

Percentage of choosen color from projection area

Figure 3. Display of medium-ripe tomatoes at

the picking age 29+1 days AFB.
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Selected Area | I ]
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Figure 4. Display of ripe tomatoes at the

picking age 32+1 days AFB.
3 Image Processing -
RGB color
221
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H s
Projection Ares [ r 1 &]
Selected Area r—-« Scan J
Percentage of choosen color from projection area :‘
Retresh | Que

Figure 5. Display of over-ripened tomatoes at

the picking age 35+1 days AFB.
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Figure 6. Display of old tomatoes at the
picking age 25+1days AFB after
filtering.
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Figure 7. Display of medium-ripe tomatoes at
the picking age 29+1 days AFB after
filtering.
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Que
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Figure 8. Display of ripe tomatoes at th
picking age 32+1 days AFB after
filtering.
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Selected Area 24460 | 109090) Scon
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Figure 9. Display of over-ripened tomatoes at
picking age 35+1 day AFB after
filtering.
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Load Picture l

Visually, the level of tomato ripeness can be seen
from the age of picking and the color of the skin of the
fruit. Tomato fruit with a picking age of 25+1 day AFB
is still fully green, tomato fruit at age 29+1 day AFB
begins to turn reddish yellow, and fruit that has 32+1
day AFB picking a color is bright red while the tomato
fruit whose age is picking is 35+1 day AFB red dull.

The average results of measurements made
using image processing obtained a red percentage of
5.99% for the old category tomatoes at the picking age
25+1 days AFB, 40.15% for the category of medium-
ripe tomatoes with picking age 29+1 days AFB,
66.34% for ripe tomatoes with 32+1 days AFB, and
75.67% for over-ripened tomatoes with 35+1 days
AFB. The graph of the relationship between the
percentage of red with the age of picking can be seen in
Figure 10.

100 -
2
.o 80 1 75,67
oS 60 -
=2
£S5 40 - 40,15
88 L. y = 7,7692x - 197,25
5 R? = 0,9596
e 0 0 & : : .
20 25 30 35 40

Picking age (days)

Figure 10. Relationship between picking age
and red percentage

Figure 10 shows the coefficient of
determination obtained from the linear relationship
between the age of picking with the percentage of red
color is equal to 0.968, which means that the age of
picking tomatoes can be predicted from the value of
the percentage of the red color. The percentage results
also indicate that the bush in the longevity of picking
and the percentage of red color on tomatoes will
increase. The largest percentage of red color is found in
tomatoes with the age of picking 35+1 day AFB which
is equal to 75.67 % while the smallest percentage of red
color is found in tomatoes with the age of picking 25+1
day AFB which is 5.99%.

Changes in fruit skin color are often an indicator
of the ripeness process. The color change experienced
by tomatoes is caused by a change in chlorophyll due
to photosynthesis and respiration [17]. This change is
catalyzed by the  chlorophyllase  enzyme.
Changes in taste in fruit are caused by the formation of
sugars, organic acids, and other volatile compounds
derived from sucrose translocation from leaves.

3.2. Color

In the cooking phase, various physical and
chemical changes are very clear, especially the color
changes inthe skin color. The ripening process in
tomatoes is characterized by a change in color from
light green to gradually yellow. When optimal ripe, the
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color of the tomatoes will turn bright red. Color is the
first factor that humans see when choosing food so it
can be said that color becomes a part of the
most important sensory properties of food [18]. Color
analysis of tom at Servo F1 is done using L*, a*, and
b* coordinates.

3.2.1. The value of L*

The value of L* indicates the brightness based on
white. The higher the brightness of the fruit peel
measured, the value of L* close to 100. Conversely, the
darker the peel, the value of L* approaches 0. The
results of the measurement of the average color
intensity of tomato lightness ranged from 45.70% to
50.47% with the coefficient of determination obtained
from the graph of the relationship between the age of
guotes and brightness that is equal to 0.641. The
average value L* of tomatoes can be seen in Figure 11.

51 -
50 -
49 -
¥, 48 -
47 -

46 1 45,70
45 T T T 1

20 25 30 35 40
Picking age (days)

y =0,3819x + 36,124 50,47

R?=10,6419

48,77

Figure 11. Relationship  between picking age
and L* value.

Based on Figure 11 the brightness value for each
picking age is 45.70 for picking age 25+1 days AFB,
47.30 for picking age 29+1 days AFB, 50.47 for
picking age 32+1 day AFB, and 48.77 for picking age
35+1 day AFB. The highest lightness value lies in the
age of picking 32+1 day AFB and the lowest brightness
value is found in tomatoes with the age of picking 25+1
day AFB. The level of brightness of tomatoes has
increased during the maturation process of the fruit, but
in the category of maturity, the level of brightness has
decreased namely at theage of picking 35+1
day AFB. According to [8] the value of lightness in
sweet star fruit has decreased because the fruit is
getting more mature which means the process of
respiration is decreasing.

3.2.1. The value of a *

The value of a* indicates red or green coordinates,
and the resulting value can change (-) or (+), where the
value of +a is from 0 to 100 for red, and -a is from 0 to
-80 for green. The results of measuring the intensity of
a* obtained a correlation of 0.688. The average
measurement results of tomatoes ranged from -2.13 to
19.93. The average a* value of tomatoes associated
with picking age can be seen in Figure 12.
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2135¢
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Figure 12. Relationship between the picking age
and the value of a*.

Based on the graph above it can be seen the value
of a* -2.13 which shows the tomato fruit with the age
of picking 25+1 day AFB is closer to the green color
coordinates, then the value of a* continues to increase
for tomatoes with the age of picking 29+1 day of AFB
and 32+1 days AFB of 19.43 and 19.57 to reach the
largest a* value, namely tomatoes with picking age
35+1 days of AFB of 19.93. According to Apriani’s
study (2017), the value of a* for sweet star fruit at the
lowest picking age is closer to the greening coordinates
and then continues to increase along with the picking
age.

3.2.2. The value of b*

The value of b*is a value that indicates the
yellowish and bluish degree of a sample. The value
of+b is from 0 to 70 for yellow and -b is from 0 to -70
for blue. The results of the measurement of b*in
tomatoes ranged from 10.67 to 28.33 and a coefficient
of determination value of 0.902 was obtained. The
average b* value of tomato fruit can be seen in Figure
13.

30

28,33
25 y =-1,7301x + 71,225
R2=0,9023
¥, 20 -
15 -
10 . : 40,67

20 25 30 35 40
Picking age (days)

Figure 13. Relationship between picking age
learned the value of b*.

From Figure 13 wecan see the relationship
between the age of picking and the value of b*, where
the value of b* has decreased. This is because the
higher the age of picking, it affects the level of ripeness
of the tomatoes so the skin color of the tomatoes tends
toward red and dark. Where the largest b* value
obtained lies in the picking age 25+1 day AFB is
28.33, while 10.67 on the picking age35+1 day AFB,
and on the age of picking 29+1 days AFB and32+1
days AFB amounting to 16.17 and 13.47.
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2.3. Texture

Changes in tomatoes during ripening can be seen
based on hardness or texture indicating a change in
composition[19], the process of respiration results in
the breakdown  of  carbohydrates into simpler
compounds so that the fruit is soft. The decrease in the
value of violence is caused by the preparation of cell
walls due to the breakdown of insoluble protopectin
into pectin which causes softening of the fruit.

Hardness values are conducive ta right with units
of grams of force. The higher the value of hardness, the
softer tomatoes. This is indicated by the depth of needle
penetration in  tomatoes. The results of the
measurement of the texture of tomatoes with four levels
of picking age ranged from 79.93 to 248.07 grams
force (gf) and from the graph also obtained
the coefficient of determination of the relationship
between the age of picking with a hardness that is
0.862. The results of the average hardness testing
on fruit tomatoes can be seen in Figure 10.

300 -
=250 1 24807 y = -16,188x + 645,35
2,0 - R2 =0,8623
<
E 150 -
100 - 0.93
50 T T T 1
20 25 30 35 40

Picking age (days)

Figure 14. The relationship between picking
age and texture

The decrease in hardness in fruit is an impact of
the maturation process due to the process of
degradation of pectin to protopectin which causes
turgor cell wall pressure [20]. This is caused by the
increased performance of enzymes in the cell wall,
namely pectinmetilesterase, which functions to
degrade cellulose and hemicellulose together with an
increase in the rate of respiration towards the climax
peak.

3.4. Water content

The average value of water content obtained
from measurements ranged from 84.89% to 94.77%.
The highest water content value of tomatoes is found at
the age of picking 35 days AFB while the lowest water
content is found at the age of picking 25+1 days AFB.
The average analysis results of the water content
of Servo F1 tomatoes at the age of picking can be seen
in Figure 11.
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£ g5 | 94,77
|5
= 90 -
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= 85 - 84,89 y = 0,9336x + 60,787
g 80 R2=10,9646
20 25 30 35 40

Picking age (days)
Figure 15. Relationship between picking age
and water content

Figure 15 shows the value of the coefficient of
determination obtained from the relationship between
general picking with water content is0.964. The
coefficient of determination can indicate that the water
content of tomatoes can be predicted from the age of
fruit picking. The riper the tomatoes will get ripening
picking age, and the water content of tomatoes will
increase.

3.5. Total Sugar Levels

Maturation of the fruit will cause an increase
in simple sugar levels to give a sweet taste. An increase
in total sugar is caused by the accumulation of sugar as
a result of starch degradation, whereas a decrease in
total sugar occurs because a portion of sugar is used for
the respiration process [21]. The average results of the
analysis of sugar levels on the age of pickings can be
seen in Figure 16.

= 47 3=00388x + 3,1621
3 4671 Re=09426 4,6
245
< XA
554,4 1 4,4
g 43 4,3
5 42 42
a1 : : : -
20 25 30 35 40

Picking age (days)
Figure 16. The relationship between picking
age and total sugar levels.

Figure 16 shows that the average results of
measuring total sugar ranged between 4,2 °Brix to
4,6 °Brix, where the chart has a value ofthe
coefficient of  determination of the relationship
between age picking with a total sugar content of
0.942. Based on the graph, the value of total sugar
increases with maturity. Total sugar levels have
increased due to changes in polysaccharides consisting
of pectin, starch,and hemicellulose into simple
dissolved sugars [21].

3.6. Total Acid Levels

The total acid contained in
the fruit will generally decrease during
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the monitoring process, so the older the picking age the
lower the total acid content contained [8]. The average
amount of acidity in tomatoes Servo F1 ranges from
0.36 % t01.19%, where the chart obtained by the
coefficient of determination of the relationship between
age picking acid sometimes a total of 0.877.

P
~
J

y = -0,0754x + 3,1793
R2=0,8773

[y
N
I

1,19

o o o
N OO ©O -
I I I I

Total acid level (%)

o
o

25 30 35 40
Picking age (days)

Figure 17. Relationship between picking age

and total acid levels.

N
o

The maturation process will cause a decrease in
organic acids and phenolic compounds to reduce the
taste of acid and bitterness. The acid content will
decrease with more fruit. This is because the acid is no
longer formed and the acid is used as an energy source
in the process of respiration. Acid levels will increase
to a maximum, and after reaching the peak with more
ripe fruit, the acidity will decrease [17].

3.7.Relationship between Red Color and Color
Intensity (L*, a*, b¥)

According to [17], fruit maturity can be
characterized by a loss of green color because the
chlorophyll content of ripe fruits will decrease. The
green color of tomatoes is caused by the presence of
chlorophyll which plays a role in the process of
photosynthesis during ripening. The loss of green color
in the fruit is caused by the enzymatic breakdown of
chlorophyll little by little, caused by the activity of the
enzyme chlorophyllase which will change chlorophyll
to chlorophylloid so that the green color will fade and
the appearance of carotenoid. The main pigment in
tomatoes is carotene and lycopene ([21]. By the
research of [22], during the ripening process of the
conjoined citrus fruit, the synthesis of carotenoids
was very rapid, this is because the substances caused
during the breakdown of chlorophyll can be used for
carotene synthesis.
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Figure 18. The relationship between the
percentage of red with L*.

Figure 18 shows the relationship between the
percentage of red color and the color intensity L*. The
degree of brightness (L*) in tomatoes tends to form the
same pattern with their relationship to picking age. L*
values range from 0 to 100 where 0 for black and 100
for white. The smallest L* brightness value obtained at
the percentage of red color is 5.99%, which is equal to
45.70, the value continues to increase, but the largest
percentage of red color is 75.67% brightness has
decreased to 48.77 smaller than the percentage of red
color 66.34% which is equal to 50.47. A decrease in the
value of brightness is caused by the maturation of the
fruit that has passed ripe, so the color of the fruit
becomes darker.
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Figure 19. The relationship between the
percentage of red with a*.

Figure 19 shows the relationship between the
percentage of red with the color intensity a*. The
degree of greenish color (-a) tomatoes are getting less
and more positive as the percentage of the red color of
the fruit increases. The more positive the value
of a* the green color of the tomatoes disappears and
turns red. At the smallest percentage of red color is
5.99% the value of a* is-2.13 and at the largest
percentage of red color is 75.67% the value of a*
i5$19.93. The value of a*increases indicating the
change from green to red.
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Figure 20. The relationship between the
percentage of red with the value
of b*.

Figure 20 shows the relationship between the
percentage of red color and the color intensity of b*.
The measurement results show that the percentage of
red color is 5.99%, the degree of b* obtained is 28.33,
and begins to decrease in the percentage of red color is
40.15%; 66.43%; and 75.67%, with degrees b* each
obtained 16.17; 13.47; and 10.67. Decrease in value of
b* due to the content so that the green color of tomatoes
will turn red.

3.8. Correlation between Red Percentage and Texture

The relationship between texture and percentage
of the red color of tomato fruit can be seen in Figure
4.21. On the graph, it can be seen from the graph that
the percentage of red color is 5.99 %, it has a hardness
value of 248.07 ¢f, the percentage of red color
is 40.15 %, the hardness is 122 gf, the percentage of red
color is 66.34% is 107.93 gf, and the percentage of red
color is 75.67% have a hardness of 79.93 gf. The
results of tomato filtering showed that the harder the
texture of the fruit, the smaller the percentage of red in
the fruit. This shows that the hardness of fruit can be
predicted by the percentage of red fruit.
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Figure 21. The relationship between the
percentage of red color with
texture

The hardness value of tomatoes decreases, this is
because tomatoes are getting ripe. Changes in texture
occur in tomatoes from hard to soft due to the process
of wilting due to respiration and transpiration [21]
. The process of respiration will result in the breakdown
of carbohydrates into simpler
compounds, which causes tissue rupture in the fruit so
that the fruit becomes soft. Whereas in the process of
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transpiration there will be water evaporation which
causes the fruit to wilt and constrict so that the
fruit becomes soft. This can occur because some of the
water in the fruit has evaporated so that the fruit's
rigidity decreases.

3.9. Correlation between Red Percentage and Moisture
Content

The mean measurement results of the relationship
between the percentage of the red color of Servo F1
tomatoes and water content ranged from the percentage
of the red color of fruit 5.99% with a moisture content
of 84.89% to the percentage of the red color of 75.67%
with a moisture content of 94.77%.
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Figure 22. The relationship between the
percentage of red color with water
content

Figure 22 shows the increase in the percentage of
red color with water content increasing in each picking
age. The value of water content of Servo F1 tomatoes
is 84.89% in the percentage of red color 5.99 %, the
moisture content of 89.58% in the percentage of red
color is 40.15 %, the moisture content is 90.61% in the
percentage of red color 66.34 %, and 94.77% moisture
contentin  the  percentage of red color
75.67 %. According to sweet starfruit, water content is
increasing along with the loss of green color that turns
yellow, which ranges from the percentage of yellow
fruit 21.37% with a moisture content of 78.15% to
the percentage of yellow color 73.26% with a moisture
content of 80.72%.

3.10. Correlation between Red Percentage and Total
Sugar Levels
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Figure 23. Relationship between the
percentage of red color with total
sugar content
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Figure 23 shows the relationship between the
percentage of red color with sugar content in tomatoes
increases at each picking age. The percentage of the red
color was 5.99% the total sugar value obtained was 4.1
°Brix, the percentage of the red color was 40.15% with
a total sugar value of 4.3 °Brix, the percentage of the
red color was 66.34% the total sugar value was 4.4
°Brix, and at the percentage of the red color, 75.67% of
the total sugar value obtained was 4.6 °Brix.

3.11. Correlation between Red Percentage and Total
Acid Content
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Figure 24. The relationship between the
percentage of red color with total
acid levels.

Figure 24 shows the relationship between the
percentage of red color and acid levels decreasing with
increasing picking age. The highest total acid value of
1.19 % in the percentage of the red color is 5.99 % and
the total acid value of t is 0.36% in the percentage of
the red color, 75.67 %. A decrease in acid content is
inversely proportional to the increase in the percentage
of red color in tomatoes.

4. Conclusion

The conclusions that can be drawn from this
study are as follows:

1. The age of picking tomatoes has a linear
relationship with the percentage of the red color
with the resulting coefficient of determination of
0.959.

2. At each picking age the percentage of color
L* continues to increase and decreases at the age of
picking 32+1 day AFB, from 50.47 to 48.77, while
the color of a* tomatoes increased from -2.13 to
19.93, the color of b* tomatoes decreased from
28.33t0 10.67, texture decreased from 248.07 gf to
79.93 of water content increased from 84.89% to
94.77%, total sugar levels increased from 4.1 °Brix
to 4.6 °Brix; total acid levels decreased from 1.19%
to 0.36%.

3. The percentage of red color with texture, water
content, total acid, and total sugar has a linear
relationship with the rice coefficient determinant
value of 0.930 each 0.900, 0.815, and 0.741.

4. It is suspected that there is a correlation between
the hardness value, water content, total acid, and
total sugar that can be predicted from the age of the
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picking and the percentage of tomato red color
obtained from the image processing program.

5. Suggestion

For further research, lighting arrangements in the
room should be done during the process of capturing
images.

Reference

[1] Samad, M.Y., “Pengaruh penanganan pasca
panen terhadap mutu komoditas hortikultura,”
Jurnal Sains dan Teknologi Indonesia, vol. 8 no.
pp. 31-36, Apr. 2006

[2] Tugiyono, “Tanaman
Agromedia Pustaka, 2005.

[3] Yultrisna and Sofyan, A., “Rancang bangun alat
sortasi otomatis untuk buah tomat menggunakan
aplikasi image processing,” Jurnal Teknik
Elektro. vol. 5, no. 2, July 2016 ISSN 2252-
3472.

[4] Kitinoja, L and Kader, A.A., “Praktik-praktik
Penanganan Pascapanen Skala Kecil Manual
Untuk Produk Hortikultura,” (translated by
Utama, .M.S.), Bali: Universitas Udayana, 2002

[5] Fitrada, D., “Aplikasi Image Processing untuk
Menentukan Tingkat Mutu Buah Naga
(Hylocereus undatus) Secara Non-Destructive”
Bogor: Fakultas Teknologi Pertanian Institut
Pertanian Bogor, 2010.

[6] Trisnawati, N.W., Mahaputra, K., and
Sugianyar, M., “Laporan Akhir Kajian Sistem
Pemasyarakatan Teknologi Pasca Panen
UMKM Mendukung Pengembangan Agribisnis
di Provinsi Bali” Balai Pengkajian Teknologi
Pertanian Bali, Bali, 2011.

[7] Basuki, A., Palandi, J.F., and Fatchurrochman,
“Pengolahan Citra Digital Menggunakan Visual
Basic ” Yogyakarta : Graha IImu, 2005.

[8] Apriani, S., “Penerapan Image Processing
Untuk Mengetahui Tingkat Kematangan Buah
Belimbing Manis (Averrhoa Carambola L.)”,
Palembang: Universitas Sriwijaya, 2017.

[9] Priyono, A., Rejo, A., and Kuncoro E. A,
“Aplikasi Teknologi Pengolahan Citra pada
Perubahan Warna Buah Jeruk Selama Proses
Degreening,” Skripsi. Palembang: Universitas
Sriwijaya, Indralaya, 2008.

[10] Putri, C.H., Rejo, A., and Kuncoro, E.A,
“Penerapan Teknik Image Processing Untuk
Menentukan  Tingkat Kematangan Buah
Tomat, ”  Skripsi, Palembang: Universitas
Sriwijaya, 2003.

[11] AOAC, Official Methods of an Analysis of
Official Analytical Chemistry. Washington D.C.
The United State of America, 2005.

[12] Santoso, B. B., and B. S. Purwoko, “Fisiologi
dan Teknologi Pasca Panen Tanaman

Tomat, ”  Jakarta:

http://dx.doi.org/10.22135/sje.2022.7.2,80-90 89



http://dx.doi.org/10.22135/sje.2022.7.1

Article

[13]

[14]

[15]

[16]

[17]

[18]

Hortikultura,” Indonesia Australia Eastern
Universities Project, 1995.

Seventilofa, 1.N.O., and Meikapasa, N.W.P.,
“Karakteristik Total Padatan Terlarut (TPT),
stabilitas likopen dan vitamin C saus tomat pada
berbagai  kombinasi suhu dan  waktu
pemasakan,” Ganec Swara, vol. 10, no. 1, pp.
81-86, March 2016

Gonzalez, Rafael, C., Woods, and Richard, E.,
“Digital Image Processing,” New Jersey:
Prentice-Hall, Inc., 2002.

Ahmad, U., “Pengolahan Citra Digital dan
Teknik Pemrogramannya, ” Yogyakarta: Graha
IImu, 2005.

Prabowo, D. A., and Abdullah, D., “Deteksi dan
perhitungan  objek  berdasarkan  warna
menggunakan color object tracking.
Pseudocode, vo. 5, no. 2, pp. 85-91. Sept. 2018,
https://doi.org/10.33369/pseudocode.5.2.85-91.
Pantastico, E.R.B., “Fisiologi Lepas Panen,
Penanganan dan Pemanfaatan Buah-buahan
dan Sayur-sayuran Tropika dan Sub Tropika, .
(translated by Kamarjani). Yogyakarta: Gadjah
Mada University Press, 1986.

Abdi, Y.A., Rostiati, and Kadir, S., “Mutu fisik,
kimia dan  organoleptik  buah  tomat
(Lycopersicum Esculentum Mill) hasil pelapisan
berbagai jenis pati selama penyimpanan,” Jurnal
Agrotekbis, vol. 5, no. 5, Oct 2017, ISSN 547-
555.

[19] Safitri, D., “Colour Reader,” Jambi: Universitas

[20]

o

Jambi, 2014.

Billy, L.E., Mehinagic, G., Royer, C.M.G,,
Renard, G., Arvisenet, C., Prost, F., and Jourjon,
“Relationship between texture and pectin
composition of two apple cultivars during

Vol. 7 No. 2, 80-90

[21]

[22]

storage,” Journal Postharvest Biology and
Technology, vo. 47, pp. 315-324, March 2008.
Winarno, F. G., and Aman, M., “Fisiologi Lepas
Panen, ” Jakarta: Sastra Hudaya, 1991.
Handoko, D., Napitulu, B., and Sembiring, H.,
2000. Penanganan Pasca Panen Buah Jeruk.
Balai  Pengkajian  Teknologi  Pertanian
Sumatera Utara, Medan.

http://dx.doi.org/10.22135/sje.2022.7.2,80-90 90



http://dx.doi.org/10.22135/sje.2022.7.1
https://doi.org/10.33369/pseudocode.5.2.85-91

