
Comparison of Color Quality Measurement
Using Chromameter and Image Processing

for Dehydrated Strawberry Products

Farisa Adelina Sitanggang, M. Maksum Machfoedz,
and Mohammad Affan Fajar Falah(B)

Department of Agroindustrial of Technology, Universitas Gadjah Mada, Yogyakarta, Indonesia
{mmaksum,affan_tip}@ugm.ac.id

Abstract. Color is one of the important parameters to consider regarding to qual-
ity and perception of consumers acceptance in agro-industrial products. However,
standard color measurement using colorimeter have an expensive cost and the
need for trained individual to operate, then, other measurement can be done using
image processing approach for lower cost and simple operation. The purpose of
this research is to compare color measurement of the dehydrated strawberry using
Chromameter, which is a standard tool with image processing approach that made
in the box as an alternative color detection measurement.

Dehydrated strawberry products are made by a combination of osmotic dehy-
dration and drying using tray dryers and have some characteristics. Parameter
of color measurement on dehydrated strawberry products is carried out using a
Chromameter and the Image Processing Approach in Box. The parameter of color
quality of the products was measured in lightness (L*), redness (a*), yellowness
(b*) and using equation were calculated for color change (�E*) and hue angle
(h°). Comparison of the color measurement results obtained were analyzed using
statistical analyses of Statistic Package for Social Science (v.22.0, International
Business Machines Corporation, New York) and calculated the root mean square
error (RMSE) method and then resulted data value were checked statistically for
the Independent T-Test for parametric andMann-WhitneyTest for non-parametric.

Based on the results, color measurement using for the parameter of redness
(a*) and color change (�E*) from Chromameter and the Image Processing App-
roach in Box were similar and not significance difference between these tools.
Another color parameter of lightness (L*), yellowness (b*), and hue angle (h°)
were significantly different between these tools. For the RMSE calculation, the
results for the lightness component (L*) are 7.39; the redness component (a*) is
1.41; yellowness component (b*) of 2.27; the discoloration component (�E*) is
2.04 and the hue angle component (h°) is 5.92. These low value of the RMSE
indicate that Image Processing Approach in Box can be detected color of the
dehydrated strawberry and their changes of the color especially redness (a*) and
color change (�E*) well, but the accuracy level still need to be improved.
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1 Introduction

Strawberries (Fragaria x ananassa) are considered as one of the fruit commodities with
high economic value and high nutritious fruit, and as a non-climacteric type of fruit,
strawberries are harvested when the fruit has turned red [1]. Consumers also favor this
fruit because of its healthy and beneficial contents to the body, which contains vitamin c,
potassium, folic acid, high antioxidants, and considered as a low-fat fruit [2]. Aside from
the advantages mentioned above, strawberries also possess disadvantages such as, prone
to defectiveness (easily damaged) and a relatively short shelf-life especially in tropical
environment. At normal tropical air temperatures, strawberries can only had 3–4 days
shelf-life after harvest, whereas if it’s longer, then the strawberries will start to become
defective. Moreover, strawberries mechanical influences and environmental conditions
in the tropics can also accelerate the deterioration of the quality in strawberries.

The problem of fresh strawberries that are rapidly decaying and short shelf-life,
further postharvest handling is important, one of the method to make an extended shelf-
life is as drying process. Drying is the process transferring heat energy from the drying
medium into the material to reduce the moisture content of the material by evaporating
the water in the material. Therefore, the development of microorganisms that can cause
decaying is hampered [3]. However, the drawback of the drying process is that the
application of high temperatures during the process can cause a decrease in quality such
as alterations in color, shape, texture, and loss of nutritional content in the material
[4]. One of the efforts to maintain the nutritional content of the dehydrated material
is by using the osmotic dehydration method. Osmotic dehydration is carried out by
immersing the material that will be dehydrated, in a high concentration (hypertonic)
solution, such as sucrose, glucose fructose, glycerol, etc. After conduction the osmosis
dehydration method, the strawberries are dehydrated using tray dryers. Therefore, the
result of osmotic dehydration and drying with tray dryers will produce a product, namely
dehydrated strawberries.

The high concentration solution used was a strawberry concentrate solution made
from fresh strawberries, sucrose, and distilled water. The use of sucrose will help prevent
the dehydrated material from coming into contact with oxygen so that it will reduce the
rate of enzymatic browning that will occur at the end of the drying process. In addition,
in terms of taste for dehydrated fruit, sucrose is more acceptable because it gives a sweet
taste, but is not suitable for use on vegetables [5]. While the use of strawberry juice
concentrate is to enrich the dehydrated fruit with bioactive ingredients which during the
process will be lost [4]. Strawberry concentrate solution used in the osmosis dehydration
process had a concentration of 50°Brix. Brix degrees are degrees used to express the
level of dissolved solids such as sucrose in a solution. Dissolved solids such as sucrose
or sugar have hygroscopic properties, where solids will enter and will bind to free water
in foodstuffs, thereby reducing water activity in the ingredients [6].

Quality parameters in fresh and processed food products that can be visually seen by
consumers are called sensory characteristics. The sensory characteristics of food prod-
ucts consists of color, appearance, shape, taste, and texture [7]. Changes in texture and
color in dry food products also an allurement for consumers [8]. In ref. [9], color attribute
on dry food is one of the most important quality parameters in terms of initial accep-
tance for consumers. However, the color measurement tool, namely the Chromameter,
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has several drawbacks such as the expensive price of the tool and the necessity of for
human resources to operate it. In addition to the Chromameter, color measurement can
also be done with alternative artificial color detection tool such as the Image Processing
Approach in Box, and also unknown the level of suitability of the tool for dehydrated
food products is yet to be known compared to the Chromameter. The objective of this
research is to analyze the comparison on the color measurement on dehydrated straw-
berry using standard method of Chromameter with the Image Processing Approach in
Box, as an alternative low cost and simple color detection tool.

2 Materials and Method

A. Sample Preparations

In ref. [10] the dehydrated strawberry samples are in the form of slices made with
a combination of osmosis dehydration and tray dryers. Fresh strawberries that will be
made into dehydrated strawberry products are cultivated in the Inggit StrawberryOrchard
located in theAgrotourismArea ofBanyorotoVillage,KetepPass, Sawangan,Magelang,
Central Java. The strawberry variety that is cultivated and used is California with a
characteristic in the form of a cordate, medium size, bright green leaf surface, and has
a rather long preservation life span [11].

The process of making dehydrated strawberries begins with osmotic dehydration,
which conducted by soaking strawberries in a strawberry concentrated solution made
from a mixture of strawberries, sugar, and aquadest. The strawberries are soaked in
the concentrated solution and stirred for 60 min using a Magnetic Heated Strirer (IKA
C-MAG HS7, IKA, China). Then dehydrated in a tray dryer (MKS-FDH6, Maksindo,
Indonesia). Tray dryer is a drying machine consisting of shelves with holes that serves
as a medium for hot air circulation [12]. Drying process is carried out for 9 h at 70 °C.
Afterwards, the dehydrated strawberries are stored in a desiccator for 36–48 h to reduce
the water content contained in the strawberries. Storage condition of the samples were
not environmentally controllable, where air temperature and relative humidity in the
room could be fluctuated (Fig. 1).

Fig. 1. Dehydrated Strawberry Product Visual a) Front Side; (b) Back Side
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B. Measurement of Color Components

The color notation system used is from the Commission International de I Declaration
(CIE)with themeasured color components being lightness (L*), redness (a*), yellowness
(b*), and advanced color parameters, namely discoloration (�E*) and hue angle (ho).
The L* value indicates a change in brightness with a value range of 0 (black)–100
(white). Value of a* signify the red-green mixed chromatic color with a positive a (a+)
from a range of 0–+100 for red, and a negative a value (−a) ranging from 0–80 for green.
Meanwhile, the b* value represent the chromatic color of the blue-yellow mixture with
a value of +b (b positive) from 0–+70 for blue, and −b (b negative) from 0 to −70 for
yellow [13].

Advanced color parameters known as �E* indicates value changes or differences
in the appearance of dehydrated strawberries as a result of L * a * b value and the ho

value is the result of the color identity used to distinguish one color from another and
ranges from 0° (total red), 90° (yellow), and 180° (green) [14]. The two advanced color
parameters can be calculated by the formula:

Hue Angle = h = tan−1
(
b∗
a∗

)o

(1)

�E =
√

�a2 + �b2 + �L2 (2)

C. Color Measurement Instrument

Observations were carried out for 32 days and measurements were conducted every
2 days until the 26th day. On the 27th day until the 32nd day, the samples were measured
every day. The samples used aggregate to 4 samples with each sample’s data being
collected at 2 different points. The data used is the average value of color measurements
from the four sample (L*, a*, b*, hue, dan �E*).

1) Chromameter

Chromameter fundamentally works using a sensor that mimics on how the human eye
works in perceiving colors and afterwards quantifies color by measuring the three basic
components of color known as primary colors (red, green, and blue) [15]. Color mea-
surement is done by sticking the tip of the chromameter receptor (shaped as a flat surface)
on the dehydrated strawberry. During the measurement, the flat part of the instrument
must be completely covered. If there is any light that accidentally enters from the side
of the optics, the reading value produced by the tool will be inaccurate. This research
used Chromameter (CR-400, Konica Minolta Sensing, Japan).

2) Image Processing Approach in Box (IPAB)

The Image Processing Approach in Box used in this research is a modified tool of the
Quality Detection Tool Without Fruit Damage from [16]. The Image Processing App-
roach inBoxbasicallyworks as a digital image processor,which in ref. [17], is the process
of digitally observing and analyzing an image using a computer. Color measurement is
done by taking pictures using a camera installed in the Image Processing Approach
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in Box which afterwards the obtained images are processed using the Graphical User
Interface (GUI) on MATLAB (R2015a).

D. Statistical Analysis

The color measurement data obtained are statistically analyzed using Statistic Package
for Social Sciene (v.22.0, International Business Machines Corporation, New York) for
the independent t-test (parametric) or the MannWhitney Test (non-parametric) to deter-
mine the average differences of two independent populations/groups of data. Prior to
carry out statistical analysis, a normality test was first performed on each color compo-
nent data. Tests are carried out to determine whether the data is normally distributed or
not. In this research, the Shapiro-Wilk method is used for the normality test. If the data
for each color component is normally distributed, then the test will continue with the
independent t-test. However, if the data is not normally distributed, the test will continue
with the Mann Whitney Test.

E. Accuracy Test

The calculation of fallibility is necessary to determine if the tested model has a high
level of accuracy or not. Calculations are conducted by Microsoft Excel (Office 16,
Microsoft Corporation, Washington). Calculating the prediction of fallibility can be
done by four methods specifically themean absolute error (MAE), the root means square
error (RMSE), the mean square error (MSE), and the mean absolute percentage error
(MAPE) [18]. The greater the fallibility value, the lower the accuracy of the model. In
this research, the accuracy test used is the root mean square error (RMSE).

RootMean Square Error (RMSE) is the square root of the average amount of squares
obtained from the difference between the actual value (y) and the observed value (yi) in a
number of (n) data. RMSE portrays how spread out the difference between sortilege and
measurement values are [19]. Mathematically, RMSE, can be calculated by the formula
below:

RMSE =
√√√√1

n

n∑
i=1

(y − yi)2 (3)

The calculation of RMSE uses the root operation where the result of the fallibility
valuewill have the same value scale as the realized value or the sortilege value. Therefore,
the RMSE indicator is easier to understand compared to MSE indicator. To find out the
RMSE value obtained is propitious or not, it can be calculated by the formula as written
down below:

Scatter Index (SI) = RMSE
Rata − Rata Nilai Observasi

× 100% (4)

If scatter index (SI) < 5%, the model can be said to have a very good accuracy. If SI
< 10%, the model can be said to have a good accuracy, and if SI > 10%, it can be said
that the model has a low accuracy [20].
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3 Result and Discussion

A. Color Quality Parameter Measurement
1) Lightness (L*), Redness (a*), and Yellowness (b*)

The average comparison regarding the lightness (L*), redness (a*), and yellowness (b*)
component between Chromameter and the IPAB can be seen in Fig. 2.

a. Lightness (L*)

The results based on Fig. 2 exhibit the average lightness of dehydrated strawberries
obtainedwith IPABhas a higher value than theChromameter. The average lightness value
obtained using the Chromameter ranged from 36.47–37.63. Whereas the lightness value
obtained from the IPAB ranged from 41.73–46.68. According to the data mentioned, the
lightness value showed fluctuating results and tend to decrease during storage. Changes
in the lightness value indicate a change in the color of dehydrated strawberries to be
darker than before. This discoloration can occur due to environmental conditions during
storage and the occurrence of metabolic processes in dehydrated strawberries.

In ref. [21], research with the same combination method on the color component as
measured by the Chromameter, the lightness value ranged from 29.43–31.34 with nine
repetitions in the middle of the dehydrated strawberries. Then in ref [10], the lightness
value obtained ranged from 23.56–32.08 with twelve repetitions in the middle of the
dehydrated strawberry, while in the latest study the lightness value ranged from 23.22–
23.33 with three repetitions on dehydrated strawberry skin [22]. The difference in the
results obtained can be caused by environmental conditions of storage and metabolic
processes that occur in dehydrated strawberries. Storage temperature greatly affects the
lightness value obtained, because heating affects the stability of anthocyanin pigments.
Fruits with red skins usually contain a lot of anthocyanin pigments. Anthocyanins are
active antioxidant pigments that can protect plants from visible light radiation in the
solar spectrum [23]. The higher the storage temperature of strawberries, the degradation
or decrease in anthocyanin levels will be greater because heating affects the stability of
anthocyanin pigments.

Lightness value result are tested whether it’s normally distributed or not with the
normality test. If the data is normally distributed, thereforewill continue to the difference
test known as independent t-test (parametric). However, if the data is not normally
distributed, the Mann-Whitney test (non-parametric) will be carried out. The results
of this analysis test indicate whether there are any differences between the results of
color measurements using the Chromameter and IPAB. Based on statistical analysis
utilizing independent t-test for comparative test, it was shown that there was a significant
difference between the lightness component value using the Chromameter and the IPAB
(p < 0,05). The difference in the lightness value component produced by the two tools
has a significant value of 0.05. The outcome of this statistical analysis were accordance
[24], where in this research, there was a difference in the lightness component with a
significant value of 0.01 [24]. This IPAB were also received copyright from directorate
general of intellectual property right of ministry of law and human right in 2020 with
recording number 000192384 [25].
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Fig. 2. Lightness (L*), redness (a*), yellowness (b*) of dehydrated strawberry that measure using
chromameter and image processing approach in a box (IPAB) for 32 days storage in a tropical
temperature condition without controlled.

This research indicates the difference in the value of the lightness component pro-
duced by the Chromameter and the IPAB, was caused by the distinction in the light
source. In addition, there is an interaction effect of light on the object being measured,
such as reflection, absorption, scatter and shadow as a result of light blocked by certain
parts of the object. The light source used in the Chromameter is Xenon lamp, while
IPAB’s light source consist of four 7-Watt Phillip LED lamp. In addition, there is an
interaction effect of light on the object being measured, such as reflection, absorption,
scatter and shadow as a result of light blocked by certain parts of the object.

b. Redness (a*)

The result based on Figure 2 indicates, the average result of the redness of dehydrated
strawberries obtained with IPB has a value that is not too different from that of the
Chromameter. The redness value obtained from the four samples using the chromameter
ranged from 10.34–15.15, whereas IPAB the redness value obtained ranged from 10.98–
15.45. From both tools, the redness value indicates that the four samples of dehydrated
strawberries have a dominant color of red. During storage, the redness values of the
tools signify fluctuating results and tend to decrease. Occurring changes in the value of
redness indicate a decrease in the red color of dehydrated strawberries.

In ref. [21], research with the same combination method on the color component as
measured by the Chromameter, the redness value ranges from 23.20–28.33 with nine
repetitions in the middle of the dehydrated strawberry. Then in ref. [10] the redness
value obtained ranged from 19.82–47.52 with twelve repetitions in the middle of the
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dehydrated strawberry, the lightness value ranged from 10.64–10.87 with three repeti-
tions on dehydrated strawberry skin [22]. The difference in the results obtained can be
caused by respiration rate and some enzymatic processes that still occur in each product
after drying. The rate of respiration that occurs affects the stability of the anthocyanin
pigment contained in the product during storage.

Redness value result are tested whether it’s normally distributed or not with the
normality test. If the data is normally distributed, therefore will continue to the differ-
ence test known as independent t-test (parametric). However, if the data is not normally
distributed, the Mann-Whitney test (non-parametric) will be carried out. The results of
this analysis test indicate whether there are any differences between the results of color
measurements using the Chromameter and IPAB. Based on statistical analysis using
independent t-test with the purpose of comparative test, it is shown that there is no sig-
nificant difference between the value of the redness component using the Chromameter
and the IPAB (p > 0.05). There was no significant difference on the redness component
between the Chromameter and the IPAB with a significance value of 0.172. Through the
statistical analysis, the results shown are in accordance with the results of [24], where in
this study there was no difference in the redness component with a significance value of
0.248. Regarding the measurement of the redness component, IPAB can measure color
decently and has a sufficiently high accuracy [24].

c. Yellowness (b*)

The result based on Fig. 2 indicates the average yellowness of dehydrated strawberries
obtained with IPAB has a very fluctuating value and higher than the Chromameter. The
yellowness value obtained from the four samples using a Chromameter ranged from
7.61–8.37.Whereas, the yellowness value obtained using IPAB ranged from 6.60–11.37.
From the two tools, the yellowness value indicates that the four samples of dehydrated
strawberries have a dominant color of yellow. During storage, the yellowness values of
the tools showed fluctuating results and tend to decrease. Occurred changes in the value
of yellowness indicate a decrease in the yellow color of dehydrated strawberries.

Research with the same combination method on the color component as measured
by the Chromameter, the yellowness value ranged from 12.54–18.95 with nine repe-
titions in the middle of the dehydrated strawberries [21]. Then in [10] the yellowness
value obtained ranged from 11.92–38.85 with twelve repetitions in the middle of the
dehydrated strawberry, while the yellowness value ranged from 3.25–3.42 with three
repetitions on the dehydrated strawberry skin [22]. The average b* value of all samples
of strawberries was lower than the value of a* - chromameter because the skin of the
dehydrated strawberry samples measured had more red color than yellow.

Yellowness value result are tested whether it’s normally distributed or not with the
normality test. If the data is normally distributed, thereforewill continue to the difference
test known as independent t-test (parametric). However, if the data is not normally
distributed, the Mann-Whitney test (non-parametric) will be carried out. The results of
this analysis test indicate whether there are any differences between the results of color
measurements using the Chromameter and IPAB. Based on statistical analysis using
independent t-test with the purpose of comparative test, it was shown that there was a
significant difference between the yellowness component value using the Chromameter
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and the IPAB (p < 0,05). The difference in the value of the yellowness component
generated by the two tools has a significance value of 0.05. Therefore, the outcome of
this statistical analysis is not consonant with the outcome, where in this research there
was no difference in the lightness component with a significance value of 0.225 [24].

In this research, the difference in the yellowness component value produced by the
Chromameter and the IPAB was caused by the selection of a background color that
is not consonant with the object. With the utilization of digital images, such as used
in IPAB, variations in background color can influence the color measurements [26].
Furthermore, differences in the outcome obtained compared to previous research may
occur due to time differences on data retrieval. Data retrieval on previous research were
taken continuously every 30 minutes for 3 days, whereas in this research, data were
collected every 2 days and as of the 26th day, the data was collected every day.

2) Color Change (�E*) and Hue Angle (ho)

The average comparison regarding the color change (�E*) andhue angle (ho) component
between Chromameter and the IPAB can be seen in Fig. 3.

a. Color Change (�E*)

The result based on Fig. 3 indicates the average color change of dehydrated strawberries
obtained from IPAB has a very fluctuating value and higher than the Chromameter. The
color change values obtained from the four samples using a chromameter ranged from
2.91–5.00. On the other hand, color change value obtained from IPAB ranged from

Fig. 3. Color Change (�E*), Hue Angle (ho) of dehydrated strawberry that measure using chro-
mameter and image processing approach in a box (IPAB) for 32 days storage in a tropical
temperature condition without controlled.
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2.25–5.27. The �E* value obtained tend to be low which signifies the color difference
from the two sides of the dehydrated strawberries are not too distinctive.

In ref. [21], research with the same combination method on the color component
as measured by the Chromameter, the color change values ranged from 62.22–67.40
with nine repetitions in the middle of the dehydrated strawberries. Then in ref. [10] the
color change values obtained ranged from 70.51–73.39 with twelve repetitions in the
middle of dehydrated strawberries, while in the latest research the color change values
ranged from 0.12–0.28 with three repetitions on the dehydrated strawberry skin [22].
The difference in the results obtained can be caused by concentration of anthocyanin
pigments on the product during storage [27]. The range of color change values obtained
is very small which can be caused by reduced enzymatic processes caused by reduced
water content in dehydrated strawberries.

Color change value result are tested whether it’s normally distributed or not with
the normality test. If the data is normally distributed, therefore will continue to the
difference test known as independent t-test (parametric). However, if the data is not
normally distributed, the Mann-Whitney test (non-parametric) will be carried out. The
results of this analysis test indicate whether there are any differences between the results
of color measurements using the Chromameter and IPAB. Based on statistical analysis
using mann whitney with the purpose of comparative test, it is shown that there is
no significant difference between the value of the color change component using the
Chromameter and the IPAB (p > 0.05).The color change component value between
the Chromameter and the IP was not significantly different with a significance value of
0.417. This matter can occur due to lack of real difference in the redness component.
Calculations on the color change component value is related to the lightness, redness,
and yellowness component value.

b. Hue Angle (ho)

The result based on Fig. 3 indicates the average results of dehydrated strawberries
obtained with IPAB have a fluctuating value and higher than the Chromameter. The
hue angle values obtained from the four samples using a chromameter ranged from
27.77–37.37, whereas IPAB ranged from 25.30–40.11. From the two tools, the results
of the hue angle showed that the four samples of dehydrated strawberries possess a red
color.

In ref. [10], research with the same combination method on the color component as
measured by the Chromameter, the hue angle values obtained ranged from 0.63–1.59
with twelve repetitions in the middle of dehydrated strawberries, while in the latest study
the hue angle values ranged from 16.93–17.62 with three repetitions on the dehydrated
strawberry skin [22].

Hue angle value result are tested whether it’s normally distributed or not with the
normality test. If the data is normally distributed, thereforewill continue to the difference
test known as independent t-test (parametric). However, if the data is not normally dis-
tributed, the Mann-Whitney test (non-parametric) will be carried out. The results of this
analysis test indicate whether there are any differences between the results of color mea-
surements using the Chromameter and IPAB. Based on statistical analysis using Mann
Whitney for comparative test, it is known that there is a significant difference between
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the hue angle component value between the Chromameter and the IPAB (p< 0.05). The
difference in the hue angle component value produced by the two tools has a significance
value of 0.05.

In this research, the difference in the hue angle component value produced by the
Chromameter and the IPAB can be caused by a significant difference in the yellowness
component using IPAB. The calculation of the hue angle component value is related to
the redness and yellowness component value.

B. Analysis for Comparison of Chromameter and IPAB

The accuracy test used is the root mean square error (RMSE) because the indicator is
easier to understand than the MSE and calculations using the square root will show the
error rate on a small scale. In order to cognize how good the RMSE value obtained or
not, the scatter index (SI) calculation can be used.

1) Lightness (L*), Redness (a*), and Yellowness (b*)

The RMSE results will exhibit how straggle the difference in the lightness component
value produced by the IPAB compared to the Chromameter. Based on the calculations,
theRMSEvalue obtained regarding the lightness component using IPAB is 7.24,whereas
the SI value obtained is 16.38%. TheRMSEvalue obtained is beyond far from the value 0
and the SI value for the lightness component is>10%. The RMSE value of the lightness
component using IPAB exceeds the limit. Therefore, in this matter, the use of IPAB
regarding the lightness component value, has a poor accuracy.

The RMSE results will indicate how straggle the difference in the redness component
value produced by the IPAB compared to the Chromameter. Based on the calculations,
the RMSE value obtained for the redness component by using IPAB was 1.00, whereas
the SI value obtained was 7.63%. The RMSE value obtained is close to 0 and the SI value
for the redness component is <10%. The RMSE value of the redness component using
IPAB is within the limits. Therefore, it can be concluded that the redness component
value using the IPAB has an adequately high accuracy.

The RMSE results will show how spread out the difference in the value of the
yellowness component produced by the IPAB compared to the Chromameter. Based on
the calculations, the RMSE value obtained or the yellowness component using IPAB is
1.90, while the SI value obtained is 20.24%. The RMSE value obtained is beyond far
from the value 0 and the SI value for the yellowness component is >10%. The RMSE
value of the yellowness component using IPAB exceeds the limit. Therefore, the value
of the yellowness component using IPAB has a poor accuracy.

2) Color Change (�E*) and Hue Angle (ho)

TheRMSEresultswill showhowspreadout the difference in the color change component
value produced by the IPAB compared to the Chromameter. Based on the calculations,
the RMSE value obtained for the color change component using IPABwas 0.84, whereas
the SI value obtainedwas 22.90%. TheRMSEvalue obtained is close to 0 but the SI value
for the color change component is >10%. This occurs when the denominator is very
small while calculating the SI value. The RMSE value of the color change component
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using IPAB is within the limits. Therefore, the value of the color change component
using IPAB has an adequately high accuracy.

Through the RMSE results, it will be shown how straggle the difference in the value
of the hue angle component produced by IPAB compared to the Chromameter. Based
on the calculations, the RMSE value obtained for the hue angle component using IPAB
is 4.63. whereas the SI value obtained is 12.92%. The RMSE value obtained is beyond
far from the value 0 and the SI value for the hue angle component is >10%. By using
IPAB, the RMSE value of the hue angle component exceeds the limit and the value of
the hue angle component using IPAB has a poor accuracy.

Based on the comparative analysis that have been done, IPAB can measure several
color components with the average value obtained no different when compared to the
Chromameter and has a fairly high accuracy seen from theRMSEvalue close to zero [18],
on the redness component (1.00) and color change (0.84), and the scatter index value is
below 10% [20]. However, in the lightness, yellowness, and hue angle components, the
average value of themeasurement results is differentwhen compared to theChromameter
and the accuracy obtained is still relatively low with a scatter index value of more than
10%.

4 Conclusion

Based on the results of statistical analysis and accuracy tests, the results of measuring the
color of dehydrated strawberries using Image Processing Approach in Box exhibit that
the tool can favorably detect the color of dehydrated strawberries and their color change,
especially in the redness and color change components, compared to the Chromameter.
However, the accuracy still needs to be improved to reach maximum results.
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