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products has been widely reported. This application urges the need to develop an
analytical method that can provide reliable rhodamine B data with an easy operational
technique. Therefore, this research is aimed to develop an Arduino Uno-based TCS3200
color sensor and study its application to determine rhodamine B levels in syrup. The
design of the analytical instrument included TCS3200, an Arduino Uno microcomputer,

an Integrated Development Environment (IDE) software, a black box container, and a

tel: +62-85297492376
email: khairi@unsyiah.ac.id

Received: September 18, 2021
Accepted: February 1, 2022

DOI: 10.22146/ijc.69214
24 x 2 matrix display screen, where samples were prepared via absorption using wool

thread. With a linear range of 1-20 mg/L, our proposed colorimetric sensor had recoveries
0f 96.25-110.3%, which was better compared to that was obtained from the UV-vis (81.8-
100.6%) method. The detection and quantification limits of the sensor were 2.766 and
8.383 mg/L, respectively. The syrup samples used in this study were purchased from the
local stores in Banda Aceh. Based on the proposed TCS3200 color sensor, the highest
rhodamine B concentration from the syrup sample was 16.74 mg/L. The t-test analysis in
this study revealed that the Rhodamine B levels quantified using the newly developed
TCS3200 color sensor were not statistically or significantly different from the UV-Vis
spectrophotometer method.

Keywords: color sensor; TCS3200; rhodamine B; Arduino Uno; Zn(CNS),; IDE software

= INTRODUCTION Additionally, the synthetic dye may give a brighter color

. he fi .
As a form of consumer protection efforts, sensor to the food or beverage product [6]

As one of 30 synthetic dyes available, Rhodamine

technology for food or beverage products has been
developed intensely [1-3]. For example, Fourier Transform
Infrared (FTIR) spectroscopy has been employed to
separate halal and non-halal meatballs [4]. The color
spectroscopy method has also reported the detection and
analysis of synthetic dye rhodamine B in chili powder [5].
Dyes used in food products are derived from natural and
artificial chemicals. Synthetic dyes are widely used
cost-efficient and available.

because it is more

B is considered as a dangerous dye, where its use in food
or beverage products has been prohibited. Nevertheless,
Rhodamine B is often used in processing industries,
papers, [7-8]. Moreover, it could be
employed as a ligand to bind metal ions [9]. However, in

and fabrics

Indonesia, rhodamine B is still very popular as a food
coloring agent, including in iced syrup. The syrup is
intentionally added with rhodamine B, so the products
obtain a more attractive appearance [10].
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Methods that have been previously developed to
identify rhodamine B in food ingredients include thin-
layer chromatography (TLC) [11], voltammetry [12], and
the standard method using UV-Vis spectrophotometer
(the best option for identifying compounds with color).
UV-Vis
drawbacks; not portable, complicated, and expensive [13].

However, spectrophotometry has several
Hence, this study tried to overcome the stated drawbacks
by developing a simple measurement method using a
portable sensor.

The sensor system developed in the present work
was based on the TCS3200 color sensor constructed by the
console to overcome external noise and program library
modification [14]. The TCS3200 color sensor has been
widely reported for different applications, including
measuring levels of cyanide [14], nitrogen [15], and heavy
metals [16]. In the case of colorimetric sensors, analytes
should first be reacted with a complexing agent to cause a
color change [17-18]. In this study, the sensor detects
color degradation from tissue paper that has been spiked
with reagents, so its sensitivity is specifically improved for
rhodamine B analysis. The reagent used was Zn(CNS),,
which can cause a color change from red to purple due to
the formation of the rhodamine B-Zn-thiocyanate ((RhB)
complex 2Zn(CNS),) [19].

The color intensity contributed by the presence of
rhodamine B was converted through the sensor output
pin in the form of a square signal in which its frequency
depends on the concentration. The box's signal with
varied frequency was then processed using a
microcontroller on Arduino Uno. In this processing, four
filters were used, namely green, blue, red, and no filter. In
this case, no filter was excluded because the three
parameters were sufficient to represent the color
degradation of rhodamine B in the sample [20]. Filter
settings were performed by providing low and high logic
in the Arduino IDE program, following the reported
study [21].

The distance between the sample and the 8 x 8 diode
array was set at 3 cm, following the sensor system's
geometry. The console's color was made black so the color
could be absorbed fully, and influence from the
degradation of colors that enter the diode array could be

avoided. After obtaining the concentration of
rhodamine B using the Arduino Uno-based TCS3200
color sensor, the results were compared with the
standard UV-Vis spectrophotometric method. Finally,
the analysis results were compared to obtain the data on
sensitivity and accuracy of the newly developed sensor
[22].

m EXPERIMENTAL SECTION

Materials

The UV-Vis
spectrophotometer (Thermo Fisher Scientific, Selangor
Malaysia), a color sensor TCS3200 (ICTAOS/AMS), a
console, and an Arduino Uno (wavgat). Syrup samples

materials used were a

tested for rhodamine B levels were procured from local
stores in Banda Aceh. The standard rhodamine B was
purchased from The National Agency of Drug and Food
Control of Indonesia (BPOM RI). All other chemicals
used, i.e. NH,OH, NaOH, HCI, C;HsOH, CH;CO:Na,
ZnCl,, CH;CO:H, and KCNS, were obtained from
Merck (Selangor, Malaysia) in analytical grade.

Hardware Design

The hardware design was initiated by developing a
console for the TCS3200 color sensor, then connecting
the output port of the color sensor via a jumper cable to
the Arduino Uno microcomputer to process frequency
data and convert it into 8-bit RGB digital data. There
were 256 color digit variations for each RGB color
component that was sortable and distinguishable by the
processing. These color digit variations were displayed
on the computer screen and converted to reduce color
variations. These color variations were also recorded in
xls format (MS Excel) (Fig. 1).

Development of the TCS3200 Sensor Console

The TCS3200 console sensor was designed in black
to absorb all color wavelengths. The distance between
the diode array and the color object was 3 cm. The
console was arranged in such a way that light from
outside could not enter. The TCS3200 sensor was
positioned opposite the color sample, which was
absorbed into a filter paper. Four LED units with white

Muhammad Syukri Surbakti et al.



632 Indones. J. Chem., 2022, 22 (3), 630 - 640

Fracessing

Ardulre Ling

FCiLapiop

Fig 1. Schematic diagram of hardware design

wavelengths would hit the filter paper, and the intensity
light reflected the diode array following the color intensity
of the sample.

Software Design

Construction of the software design was initiated
with a blink test on the Arduino Uno system to determine
the response and performance of the microcomputer. The
software used was Arduino IDE with available open-
source libraries - C programming language. The program
library was modified to enable the required color filters,
Arduino Uno pins, the required display format, and data
storage mode (Fig. 2).

Rhodamine Analysis Using TCS3200 Color Sensor

Construction of the calibration curve for rhodamine B

Briefly, the rhodamine B solution was added with
3.0 mL of Zn-thiocyanate. Then, the standard solution
(RhB),-Zn(CNS), with different concentrations measured
the RGB value with the TCS3200 color sensor and
absorbance with UV-Vis at the maximum wavelength
obtained. The solution was prepared with 100 mg/L
rhodamine B as the stock solution, which was then diluted
using distilled water into standard solutions with varying
concentrations ranging from 1 to 20 mg/L. These
solutions were prepared to determine the maximum
wavelength of rhodamine B and as a database for the
TCS3200 color sensor. Following that, a solution of 1 mL
ZnCl, 2 M and 2 mL KCNS 2 M as a reagent was made to
detect the presence of rhodamine B, as suggested by a
previous report [23].

!

B rlanl | S L0 i

fow Rl - U Yol Pl

Fig 2. Display of the Arduino IDE Software main menu

Determination of rhodamine B level using the
TCS$3200 color sensor

The standard curve of (RhB),-Zn(CNS), was
obtained by measuring the RGB values of the standard
solution (RhB),-Zn(CNS), using the TCS3200 sensor.
The concentration of rhodamine B used was 1 to 20
mg/L, which were priorly reacted with reagents.
Measurements were carried out three times, and the
concentration was averaged. Thereafter, RGB values
were converted into a color index, namely Hue,
Intensity, and Saturation (HIS). Conversion of RGB
values to HIS values was carried out using the following
Equations.

R

Red color index (Ip) =———— 1
) =3 767s L)
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G
Green color index (In)=—— 2
Ie) =2 7G+3 @
B
Blue color index (Ip) = ——— 3
x (1) R+G+B 3

The HIS color model was designed to resemble the
perception of human vision, while the RGB values
resembled the image of the display system [20]. The
results of the calculation of the HIS value were then
plotted as the dependent variable (y-axis) to the variation
of concentration (RhB),-Zn(CNS), (x-axis).

TCS3200 color sensor method validation

Method validation included accuracy, precision,
sensitivity, and linearity, which were conducted based on
the suggestion from a previous report [22].

Syrup sample preparation

Samples of commercial red syrup were purchased
from local stores in Banda Aceh. Each sample (10 mL) was
taken and put into an Erlenmeyer which was subsequently
mixed in 20 mL of 25% ammonia solution (dissolved in
70% ethanol) for 24 h and evaporated on a hot plate. The
evaporation residue was dissolved in 10 mL distilled water
containing acid (10 mL distilled water and 5 mL acetic
acid 10%). Wool thread (15 cm) was dipped into the acid
solution and simmered for 10 min until the dye colors
appeared on the wool thread, then lifted. The wool thread
was then washed with distilled water, and the wool thread
was dissolved in ethanol 70% and heated to a boil (Fig. 3).
This solution was used as the sample, per suggestion by a
published work [24]. The wool thread was used to extract

Fig 3. The extraction of rhodamine B from commercial
red syrups using wool thread. Wool thread was dipped
into the dissolved syrup residue for 10 min (a).
Rhodamine B-containing wool thread before re-
immersed to ethanol 70% and boiled (b)

rhodamine B-containing samples in an acidic
environment. A comparative study has reported that
wool thread has the highest dye adsorption as compared
with silk and nylon [25]. Adsorption of dye analyte in
wool thread is determined by its O- and N-containing
functional groups, which has been reported in many
published papers [26-28]. The dyed wool was then
immersed in ethanol 70% and boiled until its original
color returned. The obtained solution was analyzed for
its rhodamine B levels using the TCS3200 color sensor

and a reference method — UV-Vis spectrophotometry.
Quantitative Analysis

The prepared sample was added with Zn-
thiocyanate and then dipped in filter paper. Rhodamine
B levels were measured using the TCS3200 color sensor
[29]. The concentration was obtained based on the linear
equation obtained from the calibration curve.

Method Comparison using Two-Way t-Test

Results of the samples between the TCS3200 color
sensor and the UV-Vis spectrophotometry method were
compared [30]. In addition, a two-way ¢-test was carried
out to see the significance between the newly studied
TCS3200 color sensor method and the reference method
using UV-Vis spectroscopy by calculating the ¢ value for
each method and then comparing it with the ticoretical.

m RESULTS AND DISCUSSION
Maximum A of Rhodamine B Complex

The complex (RhB),-Zn(CNS); was produced to
give rhodamine B a specific color, allowing easier
analysis. The solution of rhodamine B, which was
initially red, turned to purple and was then measured
using a UV-Vis spectrophotometer at a wavelength
ranging from 574 to 600 nm. The UV-vis absorbance
(RhB),-Zn(CNS),
scanned from 574 to 600 nm is presented in Fig. 4.

corresponding to the complex

Based on the measurement results, the UV-Vis
spectrometer spectrum of (RhB),-Zn(CNS), showed a
maximum absorption (0.442 au) at a wavelength of
590 nm. The difference in wavelength between
rhodamine B and (RhB),-Zn(CNS), is due to a shift in
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Fig 4. UV-Vis spectrometer spectrum of (RhB),-Zn(CNS), showing a maximum wavelength at 590 nm

wavelength towards the bathochromic direction caused
by substitution, solvent effects, and the influence of the
chromophore group [31]. The successful formation of the
(RhB),-Zn(CNS)s complex was indicated by a color
change from red to purple and a shift in wavelength. The
equation for the reaction between rhodamine B and
Zn(CNS); can be seen in Fig. 5.

Based on the graph, we can see three regression
equations obtained from each RGB index value, namely Ir
y = 0.0028x + 0.3411; I y = 0.0032x + 0.3513 and Is y = -
0.0058x + 0.3059. The values of the determination
(R») 0.9792,0.9700, and 0.9729
respectively. The R index had the best determination
coefficient (R?) of 0.9792. Therefore, the regression

coefficient were

equation for the R index was used to determine the
concentration of rhodamine B in the sample.

Measurement using UV-Vis Spectrophotometer

The standard curve of (RhB),-Zn(CNS), was
measured at a wavelength of 590 nm by a UV-Vis
spectrophotometer. The concentration of rhodamine B
that was used ranged from 1 to 20 mg/L, which was
priorly reacted with reagents. Measurements were
carried out three times and averaged for each
concentration. The absorbance measurements can be
seen in Fig. 6. The regression equation y = 0.0023x +
0.0773 had a determination coefficient (R?) of 0.9927.
Hence, it can be concluded that the concentration was

.45 - y & 0000 + D 3513
A% = a7
0.4 M ._4—"_'_'__.-'-.
Y el _— :
e g y = 00K + 03411
i5 = R = [ OFas
0
£ L
T M“‘\f'—"“-_\q__,
— Y -
f.a
—_—i
¥ = 00058+ 0 304
0154 ——m A% = [GTG
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(] 1 4] 15 b 1] 25
[Rhedamine B] {mgl)
Fig 5. Calibration curve for (RhB),-Zn(CNS),
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directly proportional to the absorbance, meaning that the
absorbance for the complex (RhB),-Zn(CNS), was
dependent on rhodamine B concentration.

Method Validation

Accuracy

The accuracy of the proposed sensor method was
based on the recovery (%), representing the value
proximity of the standard concentration solution to the
actual concentration. The concentrations of (RhB),-
Zn(CNS); used were 1, 10, and 20 mg/L for the analysis
with TCS3200 and UV-Vis color sensors. The actual
concentration values and the percent recovery values
from each method can be seen in Table 1. The recovery %
calculation for the TCS3200 color sensor was still within
the allowable error range of 90-110% [32]. However, at a
concentration of 1 mg/L, UV-Vis had a recovery value
below the permissible range (81.8%). Therefore, our
proposed method was suggested to have better accuracy
levels at a low

for determining rhodamine B

concentration (1 mg/L).

Precision

The precision was determined to see the proximity
of the value changes in the repetition process. The
precision value was derived from the standard curve
with a respective concentration of (RhB),-Zn(CNS), (1,
10, and 20 mg/L), expressed by the variation coefficient
(VC). The precision values for both methods based on
intra-day and inter-day repetition are presented in Table
2. The variation coefficient value obtained by the two
measurements increased with the decrement in the
concentration of the standard solution. The method is
accurate if it provides a variation coefficient value of less
than 2% [32]. Nonetheless, inter-day repetition yielded
higher variation coefficient, especially when rhodamine
B concentration was 1 mg/L.

Linearity

Linearity is the functional area of sample
measurement. The linearity of measurements using the
TCS3200 color sensor and UV-Vis spectrophotometer
for a concentration range of 1-20 mg/L is depicted in
Fig. 5 and 6, respectively. Several studies used a

0.
0.8 y = 00255k + GOTTS
Rt = { 9827 -_
= O 530 /
m 0,400
= ]
5 2
% D.300 =
- -
i 0. 20 !,.-'!': 3
oo { =
0.0} - - - ~ -
4, | 1 15 20 23

[Rhodamine B] (mgiL)
Fig 6. Calibration curve for (RhB),-Zn(CNS),

Table 1. Recovery percentages of TCS3200 sensor and UV-vis spectrophotometer

Actual concentration

Concentration (mg/L) (mg/L) Recovery (%)
TCS3200 UV-Vis TCS3200 UV-Vis
1 1.030 0.818 103.5 81.80
10 11.03 10.06 110.3 100.6
20 19.25 19.03 96.25 95.15
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Table 2. VC values of TCS3200 sensor and UV-vis spectrophotometer obtained from intra-day and inter-day repetition

[Rhodamine B] (mg/L)

Intra-day variation coefficient (%)

Inter-day variation coefficient (%)

TCS3200 UV-Vis TCS3200 UV-Vis
1 0.291 0.721 7.966 8.563
10 0.268 0.521 1.294 1.664
20 0.253 0.357 0.509 0.851

non-linear calibration curve because the sensor system
formed an exponential response [33]. However, in the
present study, the quantitative analysis was conducted
based on linear regression.

Sensitivity

The sensitivity value is shown from the slope of the
complex standard curve of (RhB),-Zn(CNS), for each
method. Based on the linear regression standard curve
equation, the slope value for the TCS3200 color sensor
measurement method was obtained from the regression
equation y = 0.0028x + 0.3411, which was 0.0028. While
the slope value for the UV-Vis spectrophotometer
measurement method was obtained from the regression
equation y = 0.0253x + 0.0773 is 0.0253. Based on the
constructed standard curve, we calculated the limit of
detection (LOD) by multiplying the standard deviation of
response by 3.3 and dividing with the slope. Meanwhile,
the limit of quantification (LOQ) could be obtained by
multiplying the standard deviation of response by 10 and
dividing it with the slope. The LOD obtained for the
TCS3200 color sensor and UV-Vis spectrophotometer
was 2.766 and 1.715 mg/L, respectively. These values
explain why the inter-day precision for the 1 mg/L
rhodamine B sample obtained for both methods exceeded
the acceptable maximum variation coefficient (< 2%). As
for the LOQ, the values reached 8.383 and 5.196 mg/L for
the TCS3200 sensor and UV-Vis spectrophotometer,
LOD and LOQ in UV-Vis
spectrophotometer suggest its superiority in comparison

respectively. Lower

to the TCS3200 color sensor, in terms of sensitivity.

Quantitative Analysis Using the TCS3200 Color
Sensor

Samples were measured using a series of tools that had
been readily connected to the TCS3200 color sensor. The
measurement was carried out by dipping the filter paper

into the sample solution to which 3 mL of Zn(CNS),
reagent had been added, then dried and measured using
the TCS3200
Measurements were carried out three times on each

color sensor in dark conditions.
sample with 3 cm-long distance between the sensor and
the sample. Such distance was given to allow even
distribution of the emitted light from four Light
Emitting Diodes (LEDs) to the sample and the
photodiode, in which the sample could emit a current
proportional to the basic color of received light.

Table 3 shows that the RGB value obtained from
each sample is a code to indicate a specific color. The
HIS value in the table was obtained using Eq. (1-3). The
Ir value was used to determine the concentration of
rhodamine B in the sample because it had the best R
(0.9792) among the others (Fig. 6). The total
concentration of rhodamine B obtained from the
measurement using the TCS3200 color sensor based on
the Ir value can be observed in Table 4, showing the
concentration of each sample with five repetitions. The
red index value obtained from Eq. (1) has the same
function as the absorbance value, the dependent variable
in determining the concentration. Therefore, the
concentration of rhodamine B in the sample was
calculated by substituting the red color index value of the
sample into the standard curve regression equation
(RhB),-Zn(CNS)4 R index.

Following the analysis, we found that samples A, B,
and C contained rhodamine B with an average of 1.74,
16.74, and 5.10 mg/L, respectively. However, sample A
had a rhodamine B concentration lower than the LOD
of both the TCS3200 and UV-Vis spectrophotometer
(2.766 and 1.715 mg/L, respectively). In this case, the
response generated from sample A could not be
differentiated from that of the blank standard. Hence,
the presence of rhodamine B in sample A could not be
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Table 3. RGB value samples

637

. RGB Measurement HIS Value Measurement
Repetition Color
R G B Ir Is Iy
1 232 213 224 0.346 0.317 0.334
< 2 233 213 224 0.347 0.317 0.334
% 3 233 212 224 0.348 0.317 0.334
§ 4 231 211 222 0.343 0.312 0.330
< 5 230 210 223 0.346 0.316 0.336
A 231.8 211.8 2234 0.345 0.316 0.334
1 206 108 215 0.389 0.203 0.406
m 2 206 107 216 0.388 0.202 0.407
% 3 206 108 216 0.386 0.203 0.407
§ 4 205 106 215 0.389 0.201 0.408
e 5 206 107 215 0.388 0.203 0.407
D 205.2 107.2 2154 0.388 0.203 0.407
1 222 173 228 0.356 0.278 0.366
O 2 221 173 227 0.355 0.278 0.365
% 3 221 172 226 0.357 0.276 0.366
§ 4 220 171 227 0.355 0.276 0.367
@ 5 220 172 228 0.354 0.277 0.367
F 220.8 172.2 227.2 0.355 0.276 0.366
Table 4. Sample concentration value of TCS3200 color sensor
ition (mg/L —
Sample (X) 1 . Repetit 03 (mg/L) y : X (mg/L)
A 1.75 2.10 2.46 0.67 1.75 1.74
B 17.10 16.75 16.03 17.10 16.75 16.74
C 5.32 4.96 5.67 4.96 4.61 5.10

confirmed by either method. As for sample C, the
calculated concentration was lower than the LOQ of the
TCS3200. Although its presence was confirmed, its
quantitative concentration value was not reliable.
Therefore, for the following analysis of comparing
TCS3200 with UV-Vis spectrophotometer, samples A and
C were excluded.

Comparing Methods Between the TCS3200 Color
Sensor with UV-Vis Spectrophotometry Using the
Two-Way t-Test

Method comparisons were carried out to see whether
the TCS3200 color sensor had similar results to a UV-Vis
spectrophotometer. The prepared samples were measured
for five repetitions with UV-Vis at a wavelength of 590 nm
and TCS 3200. Concentrations of rhodamine B in sample
B were 16.74 and 17.26 mg/L for measurements using

TCS3200 and UV-Vis spectrophotometer, respectively.
T-test (a = 8.95%) performed on the obtained data
revealed that the tegperimental a0d tiheoretical Values were 1.21
and 2.31, respectively. Therefore, Hy is accepted because
the value of texperimental < tincoretical. Ho States that differences
of data obtained from TCS3200 and the UV-Vis
spectrophotometer are not meaningful or significant.
This analysis validates the high concentration of
rhodamine B in sample B, calculated using TCS3200. It
is worth mentioning that high concentrations of
rhodamine B exposed to the human body could cause
adverse health effects [34].

m CONCLUSION

The analytical performance of the newly developed
TCS3200 color sensor was satisfactory, considering that
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the analysis could be run in situ and available at an
affordable cost, and the components were free to access.
The results showed that the color gradation only occurred
in the R (Red) component, while the other components,
G (Green) and B (Blue), were not concentration-
depended. The t-test results showed that tegerimena <
tineoretical SUGEesting the absence of statistical significance
between the results obtained from the TCS3200 color
sensor and the UV-Vis spectrophotometric method. The
syrup samples procured from the local stores in Banda
Aceh were tested qualitatively and quantitatively and was
found to contain rhodamine B with high concentrations.
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First Rank) and indexed by Scopus since 2012.In 2018 and 2019 (Volumes 18
and 19, respectively) Indonesian Journal of Chemistry publish four issues
(numbers) annually (February, May, August, and November). Due to the large
number of qualified papers accepted, to speed up the publication of the
scientific and valuable research results, since 2020 (Volume 20) Indonesian
Journal of Chemistry increase the frequency of issues to be six numbers
annually (February, April, June, August, October, and December).
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What have we done to improve the quality of our

journals?

As a consequence of being indexed on Scopus and ESCI, the manuscripts we
received increased during the 2010-2019 period. Details were given in Fig. 1.
This increase is a formidable challenge. On the one hand, we are under pressure
from authors who demand short review times and short waiting times for
publication. On the other hand, we must strictly maintain the quality of the
articles we publish (Fig. 2).

Number of Manuscript Received vs Accepted
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Figure 2. Rate of Article Acceptance (%) (2010-2019)

The following are the steps we have taken to guarantee and improve the quality
of the published article:
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1.Since 2017 we have used the Open Journal System (OJS) on all article
management functions and facilities to manage articles more
conveniently. The editors can supervise each other through the system.
Also, editors can quickly monitor the performance of reviewers and
authors.

2.We implement a more stringent filter at an early stage to reject
inappropriate manuscripts to proceed to the review process. We have
determined a minimum standard for articles to continue the review
process.

3.We conduct strict plagiarism checks on manuscripts that we deem
appropriate to proceed to the review process using professional
software.

4. We hold editor training and discussion forums to improve editors' ability
to handle manuscripts and synchronize mindsets in decision-making.

5. We invite editors with proven expertise from various countries and they
are willing to help us voluntarily

6. We invite scientists from various countries as reviewers. Therefore, we
really thank you for their commitment to voluntarily reviewing the
articles.

7.We evaluate the review results from reviewers. As a result, our review
time is relatively long; the average for the 2015-2019 period is 4-5
months (Fig. 3).

8.We do the copyediting stage carefully for articles that have been
accepted. This step is needed to prevent substantial errors that are
missed in the review process. Copyediting is also very useful to improve
the readability of articles, the feasibility of illustrations, the suitability of
citations and references, etc. This process takes an average of 3-4 weeks.

9. We improve the quality of the layout of articles with stringent standards
so that the appearance of each article in each volume becomes uniform.
We always try to shorten the time for article layout while maintaining
quality.

10. We carry out the proofreading stage by the author and editor as a final
check uploading the article in an online system —the time required at this
stage is, on average, 2-3 weeks.

11. Finally, we post it in the "articles in press" section. Author and editor still
have a chance to make revisions if they find unnecessary errors.

12. We are taking into account the waiting time between articles accepted to
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publish, which is sharply increased in the 2015-2019 period (from 4.3 to
8.8 months), see Fig 2. Through careful calculation, we manage the
number of articles for each year's publication. Therefore, we increased
the number of articles gradually from 43, 51, 68, 100, and 120. In 2020,
we plan to publish 150 articles, which is distributed into 6 issues. The
distribution of countries of origin of the authors for the 2015-2019
period is shownin Fig. 5
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Figure 4. Average of waiting time from accepted to published (in months)
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Figure 5. Distribution of Authors' Countries of Origin (2015-2019)

Posted: 2020-07-08

Publication Frequency and call for paper

After publishing four issues since volume 18 (2018), the number of submitted
papers increases significantly. Therefore, to speed up qualified articles to be
published internationally, Indonesian Journal of Chemistry publishes six issues
(numbers) annually (February, April, June, August, October, and December)

since 2020 (Volume 20). Therefore, we invite all authors to submit your qualified
https://jurnal.ugm.ac.id/ijc 6/14
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manuscripts of original research articles, reviews, short communication in our
Journal. Within two months (longest) from submission, the decision of
acceptance or rejection has been made. Submission is only via online.

Posted: 2019-12-17
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bocat stores in Bendin Acch. Based an the fropssed TES3AN cofor somr the kiphest
steadkainiras B corcaniahion frove the dprnp seple was 257 gL The B best wahysis Ly
this sty reveatad thae the Bfasdanivee B bevel quanrified asng the nendy developed
TERIZN eolor savgor waere Ml stedistically o signffcantly differcn? frem e £9-V0
spectruphotuesctor methd,

Keywareds: codor aoweor; TS G shodameine B Ardufos Lo £ e CWEL [DE sftware

8 INTRODUCTION

Acditionally, the symthetic dye may give & brighter calar
ta the fred e heverape progdoct [6],

As a form of consumer protechan effors, sensor
technclogy for food or beverage products has ke
desveloped Intensely [ 1-3]. For example, Fourter Transform
[nfrared (FTIR] spectroscopy b been employved
sepatale badal and non-halal mearballe (4] The color
specirascopy method has also reported the delection and
aivalyss of evmthetic dve thadaimue B i chilh powder [5)
Drwves imseed im fisod products are derived froan natisfal deul
arfifictal chemicals. Synithetic dyes are widely used
because 11 = more oostefficient and  available,

As one of 30 synthetic dyes availshle, Rhodamine
B s conspdered as a dangermus dye. where i85 use i fond
o bewverae prodiscts has been prohititad. Meverthelkss:,
Rhodamine B i often used v processing mdustries,
papers, and fabrics [7-8]. Moreower, il could be
enipliped ws a ligand oo bind meftal jons B8], However, in
[ndomesia, rhodunine B b siill very popular as a foed
caloring agent, inclheding in iced syrup. The syrap is
intenginnally added with rhodamine B, socthe prodocts
obtain a more attractive appearance |10 .
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Mutheds that have b presioushy devedsped to
idlentty chsdaimine B b food ingredienes inclufe thin-
layer chromategraphy {TLC) [EL], voltamemetry [12], and
the stamdard methed osing UV-AVis spectrophotometer
{the best aption for ientifying comprunds with colar).
Howewer,  17W-4is 1F-e~:tmphﬂu'urn.etr:.' hias  weveral
drawbacks not portable, complicated, and expensive [13],
Henge, this study irled to overconse the etabed drawbacks
by develaping a simple measurement method usng a
partable sensor.

The sensor ysiem developed in the present wark
wiis based pathe TCS3200 color senser constructed by the
conzale te pverconie external nindse and progrmm library
madification [14E The TCS20 color sesor has. [<en
widlely rc'pnrhed for different n'p|'.\li|:i'rin-n:. mr.'lun:lina
mgaskiring levels of cyanisde [14] nitrogen [15], ool heavy
metals (B8] [0 the case of colodseteic sensors, anabytes
ahivuled ferst be reacbed with o compleximg agent o cause a
color chamge [17-18]. In this stady, the sensor detects
color degradatbon from Ussue paper bat e been spiloed
with reagents; soibs semsitivity is specifically improved for
rhndamine B analysis The reagent sl was i),
which can canse a color clangs fram red o puepls doe e
the formation of the thoedasmine B-Za-thiocprsite ((RhB)
corplen 28n(CHNEL) [139,

The color intensany contribited by the prosence ol
rhirdmine B owas converted tieoagh the sensor oatpul
pin in the form of & square signal in which its frequency
depends an the concenfrition, The hox's signal with
varied  frequency was  then  processed  esing a
micrmconirnder on Anfuwinag Une In this processing, four
Filters wer g veed, naoe 1y green, blise, red, and so filter, In
this case, wo filter wae excduded because the theee
pammeters were  suflicient o represent the colar
degradation of modamine B in the sample [20]. Rilter
settings wete perimmed by providing low and high logic
in the Arduine IDE program, following the reported
sy [21]

The distaise between the sample and the 8 = 8 dicde
Array was st al 3 ocim, follwwing the demsor systems
geunietny. The console's color was made black =0 ibe color
cmibd  be absorbed  failly, and  ifluence rom  the
degradation of colors that enter the dinde array could be

63l

avordad  After  obtainiap gvz copcentraton  of
thiodaming B usirg e Arduinn &ul-lmud. TSI M0
calor sensor, the results weere compored with the
stanmadnnd LIW-Wes .-.?tch'nghn'rnmm'i: methad. :I-"rnﬂllj.
the analysis results were compared to obtain the data on
semsitivity and acouracy of the newly developed sensor
[22]

s EXPERIMEMTAL SECTIOM
Materials

The materials  used  were a  UV-Wis
spectrophotoaseter (Thenno Fsber Scientific, Selangor
Malaysia), 0 color sensor TCS3I00 {ICTAOQSAMS), a
consale, and an Andaing Une Ceavgar). Syrup somples
tested for thadamine B levels were procured from local
stores in Bandn Aceh. The standard rhodamme B was
prirs hasesd Trodn The Matbonal sgency of Diag and Foosd
Cantrel of [ndoressn (RFOM R, ALl ather chemicals
ised, Le, NHOH, NaOH, HCL CyHaOH, CHaCO N,
Z2aCh, CHAZOH, aiwd KCMS, swere obtained froim
Merck (Selanpor, Malaysta) inanalytical grade.

Hardware Dasign

Thee hanbware design was inigied by developing a
cansale far the TCSINM color senzor, then oonnecting
the output pom of the color sensor via a jumper cable ta
the Arduine Uno miccocomputer to process frequency
data and comvert If inta &bt RGH digtal data. Thers
were D06 color dight varstkns for each BGR color
camporsnt Chat was sortable and Sistinguishable by the
pricessing. These color digil variations were displayed
ot i coaniputer soteen and comverted to edoce color
varialions, These color vardGons were dlse recorded in
xls bormat (ME Em::l] :F'ﬁ' 1L

Cevelrpment of the TC53200 Sensor Comsole

The TCS3 200 consale sensor was designed in black
i ahsorh all eolor wavelempths, The distance between
the diods seroy and the coler ohject was 3 om, The
cansale was amangad mosuch a way that light from
ibzile coudd not enter. The TCHI200 semsor was
positiened  appaste the color sinple, which was
absorbed into 3 [lier paper. Four LED units with while
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wavdlengths would bt the Olter paper, and the Intensiy
light pefloctad the diodearray following the coler intemsity
ol thie sample.

Sofoware Design

Cossruction of the softwane design was initiaed
with a blink test on the Arduing Uno system b d eterming
the response and performance of the micracemputer. The
saftware wsed was Arduino IDE with availshle open
source librariss - C programming langnage. The progran
library ves imodified 1o enable the teguired color Bliers,
Arduino Vs pens, the reguired display formmt, and data
slomage mode (Fig, 20

Rhcdaming Analysls Using TOS3200 Colar Sensor

Conrstruction of the calibration cunve for rhodemine §

Brtelly. the thodamiine B solution wias sdded wih
A0 mL el El-ﬂiiu-.'}'amu:. Then, the siandard solution
[Bhi -l UL with different conceniraiso ns measured
the RGH walie with the TCS320 color sensor and
ahsorhance with UV.Vig at the moximum wavelangth
chiained The solutbon was prepared with 10800 mg
rhedamine B as the stoclselution, which was then i duced
caing disrilled water into standard sohunons with varping
concentrations rnging from | to 20 mg/l. Thess
solutions were prepared 10 determine the maximon
viarelength of rhodumine B amd as a datsbase o the
TR colnr sensar. I:-::-Jh:-wmg1h::u:. A salutwn of | mL
ZnCl 2 Mand 2 mL KCHS 2 M as a reagem was made
detect the presence of rhodamine B, a5 ﬂgﬂ;ﬂstﬂﬂ b'l. a
prrovioss report [23]

Inidomes. [. Chesi,, 2022, 22 (3}, 630 - 640

I
]
u

Fig 2. Dizplay of the Arduuse 1DVE Software mabi i e

Determinotion of rhodomine B level using the
TCSI00 color sensor

The sandard curve of [RhB)-Zn{CHELG was
ohtained by measuring the RGE vahies of the standard
sodution (Rl Znl C35) asing the TCSIM00 sensor.
IThe concentration of thodamine B wsed was 1 1o 20
mp'l, whikh were prioely reaced with  reagents,
Measurements were cartled out theee times, and the
concentration was averaged. Theredfter, BRGE values
wers converted inte & oolor bndex, damely Hus,
Imtensity, and Samiration (HIS), Consersion of RGR
valaes bo FILS values was carried out using the following
Eantinmns

R
Rl okoe indis il 1 » ———— 11l
okt index {lg ] = o
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Glmcnlr.-:LnduH“j._----.G_ 12
R4+G+B

B

LR i 3
The HI5 colar madel was desigied o mesemble the
peroeption of human vision, while the RGE valmes
resembled the image of the display system |2]. The
results of the calculation of the HIS walue were then
plotted s the dependent variable (y-axis) bo the variation

o concemtration {RhB-Fnl CHS)L (-anis).

TCS3200 codor sensor mwethod validetion

Methed validation induded scouzacy, precsion,
sensbtieity; and Hnearty, which were conducted based on
L suggestion fraom a previcus repoel [22]

Syrup somp e preparation

Samples of commercial red syrup were purchased
from local storesin Banda Aceh. Each sample (10 mL ) was
taken and poggnia an Edenmever which was sabsequently
mixed i 20 mL of 25% & i solation (dissalved
7ok ethaisel) For 24 h and evaporated ona kot plage. The
evaporatien Tesldue was dissalvad in 10 mL dis1illed water
contaming ackd {10 el destilled water alldﬂml agetic
acid 1tk Waool thresd {15 am) was dEpped mEoe the acil
solution and simmered for 10 min until the dye colors
appeared on the woal thresad, then Tified. The wool thread
wwas then washed with distilled water, and the waood thread
was dissolved in ethannd 70% and heated toa hoil (Fig. 5),
This salutboss wns nsed a5 the sample, pei suggestion by a
prithlished wark [24]. The winal theead wias tised fo exiract

Filue codor inges (1, b=

Fig 3. The exractzon of rhodamine B from commercial
red syrups using woal theead, Wieal thread was dippsd
inio the dissolved syrap restdue for 10 min (o).
Bhodamine RK-contsiniog  wool  thread  hefore  re-

immessed e ethasal X% and boiled (b

63

thodamine  B-containtig  sanpls s an  seldic
envimnment. A coenparaiive siody has reporied that
wicsil thread has the highest dye adsorption 25 compared
widh silk and mylom |25]. Adsorphon of dye analyte in
wiail thread is determined by its O- and MN-contaming
fumcticnal growps, which has been reported in minmy
pablished papers [26-28] The dyad wool was then
imvmersed in ethamol Y08 and botled untsl its origisl
color retunsed. The chiained solution was analyzed for
its rhodamine 0 levels wsing the TCE3200 color semsar
and & reference method - UV-Vis spectopbitometry.

Quanticative Analysis

The prepared samgle was sdded with Zn-
thiscyanate and then dipped in filter paper. Rhodamine
B levels wrere mepsured wiing the TCS 5200 colar sersor
[25]. The concemtratien was obtaised bazed on the linear
e ation olitadined frorm the calibration cue,

Method Comparison using Two-Way t-Test

Resalts of the samples between the TUS3200 calar
sepsoramd the UY-Vis spectrophetomstry ecthod were
comparesd [30]. Lo wddition, a two-way f-test sl oo rhedd
gtk b see the significance between the pewdy studied
TCS3200 color seisor method and the reference methid
sing LIV spectroscoqy by calonlating the fvalee for
wach mvithod and then compariig (0 with the e

s RESULTS ARND DISCUSSION
Maximum A of Rhodamine B Complex

The complex (RhBI-ZnfCN5) was prdoced 1o
give thoedamine B a specilic colwr, allowing easier
ambyais The solution of thedamine B, which was
iniizlly red turned to purple and was tben measured
wming o UV.Vis spectrophotameter at a wavelength
rangng frem 5374 10 &0 o, The UV-vis absorbance:
carresponding 1o the (BhB-Zo{CMEL  complex
scannad from 574 to 600 mm 15 presented i B, 4

Based an the seasurement results, the UW-Wis
spectrometer spedrm of (Hhﬁ];-ﬁ[l:_'}-iﬁh showed a
mazimum shserption (IL44E an) al a wavdlength of
500 mEm. The difference in wWaveleagth between
rhisdamine B and [RhBi-FnlCXE1 is diee o a <hilt in
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Fig 4. UV-Vis spectrometer spectrum of (RhB); - ZnfCNE), showing & maximum wavelength at 590 nm

wavelength towards the bathochiomic direction caused
h':.- swhsbtuibon, salvent effects, and the influersce of the
sheenwphore group [311], The sicessfil formatien of the
[BhB)-£nlChE) comploy wes dndicated by o colar
clenge lrom red wo pucple and a shifll in waveleagth. The
eguation for the reaction betwesn rhodomine B and
ZnilCXN5h cai be wen in Fig. 5

Based on the graph, we can see three regression
equations shitained from eech RGHE index value, namely L
yo= (L O28x o+ DA4EL; by = 032 » 03503 and [py = -
DisEy + 030548 The walues of the determbmtion
coefficient (R swere 09790970, end 05739
cespectively, The B index bad the best determiation
coefiscient (RY) of 09792 Therefore, the megressiom

L ]

F isdex was used o determine the
rhelamine B kn the urr!:He.

Measurement using UV-¥is Spectrophotometer

The gandard curve of (RhE-En(CHS) was
mcasired o 8 wavelsngih ol 5590 nm by oo UY-Yis
apectraphatosneter. The concentration of Fhodimine B
that was used ranged froma L io 20 mg'l, which was
priorly reacted with reapents. Meosurements wers
carrbed  ixil
concentration. The ahsorbance measurements cam e
seen in Hp & The regression equation ¥ = (LKL =
0778 had & determinatbon coefficient (B of (L9937,
Hence, (Ecan be coneloded that the concentratson was

ajuation for
concentratinn

thiee  (Emes and  asveraged Jor esch

w o LR = (R 1
1t = LB

e

= 0000 + 05411
= DU

&

1 1%
[Fnogamine E] {regiL)

Fig 5. Calibration curve for [RBEB L -Ea{CN5],
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directly proportnal e the abso bance, meanimg that the
absathance for (ke comphex (RhB)L-EaiCRNSL was
dependent on rhodamine B concentration,

Method Valdation

Aecuracy

The accuracy ol the propesed sensor methesl wis
based om the TECOvery 5%, ummtinE the value
promimiry of the standard concentration selution 10 the
actual concentration. The concentrations of (RhE}
ARlCH A used were |, 10, and 20 sl for the amalyss
with TCS3200 and UV-Vis celor sensees, The dctisal
concentration valnes amd the percent secovery values
froon each methisd can be seenin Table 1. The recovery %
calculstion bor the TER3200 color sensor was siill within
the allwabds ernar range af $0-110% [32], However, at a
conceniration ot | rn.3.l'L. UY-Vic had a recovery vatue
bedow the permissible mnge (S14%) Thersfore, our
proposed method was suppestod to hove better accuracy
far determinimng  chodinine B lovels a1 a4 low
conceniration |1 mayLL

635

Precision

The precision was determined 1w see the proximity
o the valus chonges in the repetition process.. The
precison valoe was derved from the standard aarve
with a I'HE-HIiH-'E concentration of {RhE)-Fni{E), {1,
L, and 200 mplL ) expressed by the variatbon coefficuent
(VI The precizion valwes for both niethods based on
inbra-day amd Eree-day repetition are presented in Tahle
2. The vartation cocfficsent valie obtamed by the twa
measuiernents Mereased with the decrement o the
concenirativn of the standard selutbon. The method is
accamte if it provides @ variation costficient value of less
tham 2% [41], Monetheless, imter-day repetition yielded
higher variation coefficient, especially when chodamine
B coneenration was | mg/'l
Linearity

Linearity ks the [unctional area of sample
maasirernesl The Usearty of smessarements using the
TCS3200 colar semsor and UV-Yi spectropholome ter
for a concentration range of 1-20 mg/L is depicted in
Fig. 5 amd 6, respectively. Several siudies used a

]
(=] =i 1255 + 073 "
o DT et
500
§ 0400
0300
ik, ]
0101
{1l )i ¥ - T ¥ !
[V ES o LH] 20 a4
|Riedarsing B] |mpil

Fig 6. Calibrution curve for |RhBL-ZniCHN3L

Table 1, Bexovery percentiges of TCS3200 senzor and UV-vis spectrophoiometer

Aciml mncenration

Repowery (%)

Caoncentration | mgiLi {eagrly
CTCSMIN  UV-Vin  TCSI UV-Vi
I (RIE (LT E ] 1055 ] MK
L 11.03 (RHTE] LD 1L
2l IH.EIﬁ. I.'.;l‘_FL"l N%E Py

Mulansinad Syukri Surbakii f al




636

Inidomes. [. Chesi,, 2022, 22 (3}, 630 - 640

Table 2 VT values od TES32M sensar and U'Y-vis spectrophotometer obtained from intra-day and inber-day repetition

[Bhodamine B imgiL]

Intra-day variatinn coefficient (%)

[nter-day variatiom coefiicient (%]

TCS3200 UV Vi TCs3200 UV Vis

] EL]] 1721 7966 8563
i 0 268 1521 294 it
n 8253 0,357 0509 851

nen-linear calibrtion curve becanse the sensor system
farmed on expamential response [35], However, in the

prosent study, the quantitative analyiis wins comdaicd
hased an linear regression.

Sensitivity

The ssmstivity valae b shown fram the dape of the
complx standard curve of (Rh-Za(CHSL for cach
methac. Based on the limear cegression standand curne
eiuation, thee slope viee for the TCS3200 color wnsor
measurement method was obinined from the regression
aqaation ¥ = (LKEEx ¢ 011, which was 10028, While
the slope value for the UV-Vis spectrophotometer
measiremsnt method wms obtamed from the regression
sgaation y = 53R + FF3 s 00253 Pased on the
consriected standard curve, we caledlated the lint of
detedtion {LOD) by multiplying the stamibard deviation of
respense by 1.3 and dividing with the sleps, Meanwhile,
Lhe liemdt of quan ti i cation [LOH)] could be oblained ].":f'
maultiplying the standsrd deviation of response by 10 and
dividing i with the slape. The LOI obtamed for the
TS0 codor sensor and UV-Vis spectrophotometer
was 76 and 1715 mp'l, respectively. These values
cxplain why the miee-day precision for the | ompfL
rhodamine B asmple sbiained for both meibods exceeded
the acceptable maximun: varation coeliicient {< 24). As
Far the LOC), the walees reached 5383 and 5 196 mg/L for
the TCS3ZM semsor and UW-Vis spectrephotometer,
respectively,  Lower LODY and L[OQ i UV-Vi
spectraphostiometer suggest s sapenority in comparisnn
tis thie TCRIA00 codor sermet, in betims of senstivity

Quantitative Analysis Using the TC53200 Color
Sansor

Sampkes were measiired winga serles of wols that had
b peadily codinected o the TR0 color sevsor. The
sl was Gastied out by dipping e Gleer paper

inte the sample solution 1o which 3 ml of Zn{CH5)
reagent had heen add=d, then dred and measored u:inH_
the TC53200 color  sensor i dak  conditions,
Bl easurements wers carreed ocul three bdmes on each
sanple with 3 cm-long slistance betwesn thie sensor and
the sample. Swch distonee wa given tooallew even
desribation of the emined light om o Ligt
Emitting [hodes [(LEDs) b0 the au.rn'p{e and  the
photodiode, in which e sample could emit a e
proportional bo the basic color of received light.

Table 3 shows that the RGE valees abtained fromm
cagh sanple Is a code 10 bedicate o specific color, The
HIS walue kn the table was abained nsing Bg. (1-3), T
[y walue was used o determing the concentratlon
thodamine B i the simple because § had the besy B
Q.‘??E:l amicnrg  the  others (Fig. 6L The oual
concentration af rhodemine B obtxined from the
measurement using the TESE00 color sensos bassd oo
the Iy valee cam be observed in Table 4, showing the
concentratan of each ample with five repetittons The
red [ndes volue oltalned ren BEg (1) haes b same
Fusctivn a5 1he alsorbanoe value, the dependient varsable
in detsrmiimeg the concentration  Thersfore, the
concentration of rhodamisne B i the wple Wik
caloubatad by sabsisiceyg the red color index value of the
sample into the standard oorve Tegresion equation
[RhBL-EnlCE), Kimdex,

Faoltowing the analysis, we found that samples A, B,
and C contained rhodaming B with &n average of 1.74,
1674, and 500 mg/L, respectively, However, sample A
b o rhodarndise B copoenieatbon lower thas the LOE
of both the TCS3200 and UV-Vis spectmphotonueter
[2.766 sl 1705 mgdl, respectively), In this case, the
respaime geoetated  [rom  cample A could nor be
difterentinted foom that of the blank standard. Hence,
the presence of rhodamine B msample A could not be
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Tahle 3. RGT value samples

_RGH Measremnent

HIS Value Memsurement

Repetition B 5 B L L e
1 i) 1% I 0Mé 037 03M
= 1 3 A et | 0347 1317 L334
.-E' 3 213 iz M 038 h317 334
E 1 211 211 i) 0340 3Lz (TR ETE
- ] 210 in et 054 h3ls i3e
p M1t 8 B4 036 038 0IM
| Do L8 115 0,35 (L2203 (043
e 1 08 i b [ (13K (h212 407
'} i 206 L0 216 {1388 208 (1 [y
E 4 W5 1] I3 0,35% 2 LT
e 5 06 1 215 03581 1203 407
7] 051 ¥z 2154 aam (1412 TR Teng
i 222 175 P 4% (278 L5
w 3 11 L7 . 0355 1278 345
.E' k] 111 172 M 0357 H 368
E ] m 111 Frrg 1.5% (278 TR
3 k] il 172 TE .35 1277 367
T NOS T2 2FD 0355 0% 034
Tahle 4. Hum]:l: comcentration value of TS50 color sensor
Sampe | Xh T > Wluu?{"wu Z = X (mgt)
A L5 210 28 &7 L75 .74
[ 1710 1675 1t 17.1a L7 167
c 531 48 SAT 4w d4sl S0

confirmed by either method. As for wample C, the
caloulatesd concentraflon was lower than the O of the
TCEX 200 .tlﬂ'm-uﬁh HE presence was confirmed, its
quantitative  concemiration  walee was not reliahle,
Therefore, for the following amdvsis of comparing
TR 00 with LV-Vigspecirophatometer, samples A and
2 were excladed.

Comparing Methods Between the TC53200 Color
Sansor with UV-is Spectrophotometry Using tha
Tiwo SWay ©-Test

flethend comparisons wers carried out o see whether
the TCE3H0 color sensor had similar resuls toa UV-¥is
specirophotometer. The prepared samples were measured
fior flve repetit bons with LY -Yis a1a wavelenggth of 590 am
and TCS 2200 Conceditrations of chodansine B i sample
B were 1674 and 1726 mg'l fir messurements using

TOS3200 and LIV Wi spurlmpthmeber. rﬂ]:ﬂ‘lmelr.
Tofest [o = 885%)1 performed on the obtained data
rirvialed ot the upwws #d bassw valies were 1.21
and 231, respectheely. Therefore, Fle s accepred becanse
the valie of Lo pprrsa % Uaoninen. Hi states that differences
of data obtaised from TCS3200 and the UWV-Wis
spectrophotometer are not meaningful ar signilicant,
Thiz analysiz walidates the high conceniration of
rhedamine B in sample B, calculated wsing TOSA200. It
is worth mentioning that high  concentmtions of
thodamine B eapesad to the human body coukl canse
ailfverse soalth effects [34],

s COMNCLUSION

The analviveal performance of the newly developed
TCSH200 colar sentor was stisfactory, considering that
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the analysis could be rum in siw and avalable at an
allonlalde cost, and the compusnenis wene free te access,
The results showed that the color gradation only eocurred
inthe B (Red) COMIpBanent, while the nther components,
G (Geeen) aid B {Blsel, were e cotcentration-
depended. The r-test resulie showed that topomem =
Liemipical SIGRESIIOE the absence of statistical :.i|._|,||.':f1L'.|.||.-'.|:
betwonn the results obtained frioem the TCRAZME dolor
sersor i the UV-Vis spectropbotometric method. The
syrup samples procured from the local stores in Handa
Aceh were tested qualitatively and quaneitaiively and was
found to contain ehodamine B with high concentratioss,
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