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Abstract

Microfluidics can process small amounts of fluids by using microscopic channels with microscale
dimensions ranging from tens to hundreds of micrometers. Many researchers have recently been
working on smaller analytical equipment, such as micro flow cytometers. These gadgets offer
numerous advantages, including portability, low cost, and low power consumption. It can also be
integrated with other microfluidic devices for multitasking applications. In this study, the
fluorescein dye was estimated using a lab-builtfully automated microfluidic fluorometric system.
The developed system contained a microfluidic chip with two lines, each four centimetres long
and with a volume of 15 pL. In this setup, two Arduino UNO (R3 version) microcontrollers were
programmed using homebrew software. The first was to manage the two improvised peristaltic
pumps, which successfully introduced the fluorescein dye to the water stream automatically,
replacing the manual injection. The volume of the fluorescein sample was modified by varying the
fluorescein line's run time. The second one was utilized to record the output signal. The method
accurately identified fluorescein concentrations up to 0.01 pg/mL and 0.999 as a regression
coefficient for six points. The RSD% (Relative Standard Deviation) for ten 0.08 pg/mL
fluorescein measurements was 0%, and the detection limit was 1x10™ pg/mL. The suggested
method can measure 300 samples per hour while decreasing the amounts of reagents and waste.
This microfluidic fluorometric system has the potential to be used for fluorescent dye assays in a
variety of applications.

Keywords: Automation  instruments, Microfluidic  applications, Lab-made microfluidic,
Fluorometric system, fluorescein dye

Introduction

In the last 15 years, the microfluidic field has  devices enable us to efficiently manipulate the
been one of the most rapidly rising branches  separation environment, which has been
of technological and scientific research, with ~ widely employed as a tool in this segment [6-
the events of these studies increasing 8].Hence, due to the microfluidics
significantly, as evidenced by published potentialities, the flow automation system's
papers in this field. Microfluidics technique = methods are well recognized in analytical
has  emerged in  various technical chemistry. Automation makes microfluidic
developments in a very short period [1,2].This  systems an attractive option for analysis by
idealized method includes sample treatment, minimizing costs and risks, managing high
analysis, lower reactant volume, reaction and  throughput analysis, and lowering
separation  periods [3-5].Because = of  contamination risk. It also decreases human
microchannels and compactness, microfluidic  errors while increasing precision and
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reproducibility [9-13]. Microfluidic
techniques have been successfully applied in
biotechnology [14-16]. Microfluidic scientific
technology deals with tiny channels with
small fluid volumes ranging from tens to
hundreds of micrometres up to (10°-10"°L).
The most repetitive, routine, and time-
consuming job was manually injecting
samples into the carrier stream of flow
injection analysis FIA and microfluidic
devices [17,18]. Therefore, in the present
work, it was decided to replace it by
automatically introducing the sample using an
open source, offered with handmade software.
In this investigation, two microcontrollers
UNO Arduino types were used, one to control
the speed of the built mini-pump and the other
to select the appropriate volume of sample by
varying the run time. The other
microcontroller served as a data recorder,
using a custom Software Lab Fluorometric
Signal (LFS) to measure the fluorescence
signals. The data were shown as peaks on a
laptop using Microsoft Excel 2016 to record
the signals as peak height, which
corresponded to the fluorescein sample
concentration [19-26]. Fluorescence in
chemical compounds has a variety of valuable
functions and  applications, including
mineralogy, chemical sensors (fluorescent
technique), medicine, dyes compounds,
fluorescent labelling medical detectors, and
fluorescent lamps in general [27-29].0ne of
the primary benefits of flow analysis is that it
is easily automated. The great reliance on
automating chemical analyses, including the
delivery of reagents and samples by
electromechanical procedures linked to
microcomputers, makes these systems
automated [30,31]. Currently, electronic
manifolds, novel materials, and fabrication
methods, such as 3Dprinting, are being used to
figure out and develop flow system devices,
which offer some advantages over predictable
manufacturing techniques, allowing for the
fast and effective fabrication of refined

devices [32]. One of the critical phases in
automating flow analysis systems 1is
controlling flow direction and rate with
programmable peristaltic pumps [33]. Food
safety analysis demonstrates that it plays a
significant role in governing food corruption
and management. Many effective strategies
for multiplex optical bioassays (MOBAs) such
as microfluidic chips, microplate, signal-
resolution modes, and SPR chips were used to
distinguish luminescence, fluorescence,
colorimetric, surface plasma resonance as
signal tags, and in the case of enhancing
complex capacity and detection
throughput.Microfluidic selection chips with
multichannel manner would be a promising
method to overcome the physical limits of
immunochromatographic elucidation.
Microfluidics is a highly competent and
sensitive technology that has many advantages
in the detection of food pollutants such as
foodborne pathogens, heavy metal ions,
pesticides, toxic materials, and so on,
especially when combined with a variety of
submicron fluid powerful methods, making
food analysis and detection more accurate and
efficient [34,35]. The goal of this studyis to
create a tiny fluorimeter as a detector for a
fully automated microfluidic system using
components accessible on the local market
and 3D printers.

Materials and Methods
Materials

All  solutions were made with
deionized/distilled water, which were used
throughout the experiment. The peak height
was the average of three subsequent peaks.
Fluorescent solution (0.01 mol/L) was
made by dissolving (0.332 g) of
fluoresceinmaterialin a litre of distilled water,
and the stock fluorescein sodium salt dye
solution of 0.001 mol/L was made by
dissolving 0.094 g in an appropriate amount of
deionized distilled water, and then the volume
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was made up 250 mL, and then this stock
solution was diluted to a series of
concentrations. The working solutions were
prepared on a daily basis and keptin the dark
in the container covered with an aluminium
foil to prevent photo-degradation. The
measured value was the average of three
successive peak heights [36,37].

Instrumentation
The chips for microfluidics

The Microfluidic chips were made of
Polydimethylsiloxane (PDMS) (double-line
microfluidic chips), and the two channels were
drilled with a tool (RONGXIN). The volume
of the channels was measured using a
Hamilton syringe and concentrated fluorescein
dye. The volume was 15 pLfor each channel,
with a total volume of 30 pLfor both the
carrier stream and the fluorescein sample

(Fig. 1).

Figure 1.The Microfluidic chips designed for automation system.

Mini-Pump

The components used in the design of
the two peristaltic pumps (INTLLAB 12V DC
DIY) for  withdrawing carrier and

reagentcontrolled with Driver Motor(L298N)
are shown in Fig. 2(a). The two Arduino UNO
microcontrollers were utilized,the first to
manipulate the two lab-made peristaltic pumps
and the second for using a homemade
program; Lab Fluorometric Signal (LFS). The
device power control wasmaintainedby Power
supply, On/off button, andTwo button Air
suction.

Lab-made Fluorimeter

Fig. 2(b) shows the key components of
the laboratory-made fluorimeter. It was
made up of LED lamp 28 V as a source,
Flow cell450 pL (Helmma), Photocells
sensor as a detector, and an Arduino
microcontroller to work as a data logger to
record the peak height on the screen of a
laptop supplied with Microsoft Excel 2016
that corresponds to fluorescein concentration
[22-26].

Procedure

Fig. 3 depicts the manifold utilized by
the lab-build Fluorometric —microfluidic
system to fully automate the determination of
fluorescein. The volume of fluorescein was
changed through adjusting the sucking time by
selecting the appropriate run time from the
program view. The fluorescein sample was
mixed with the carrier stream (water) by
sucking it into the chip and allowing it to pass
through the flow cell. The diode LED detector
was used to measure the fluorescein signal.
This data was recorded on the laptop using a
microcontroller and homemade software to
function as a data logger. The result was
produced as peaks with heights proportional to
fluorescein  concentrations. For  several
seconds, which was controlled by the UNO
microcontroller via the program Lab LFS. The
dual-channel microchip was utilized to
transport the material to the flow cell, which
was installed in the lab-built fluorimeter.
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Results and Discussion
The Conditions

A few reports showed that one of the
fluorescent spectra depicted a maximum
emission wavelength of 512 nm and a
maximum excitation wavelength of 494 nm

[32-34]. In order to achieve excellent
performance, the physical and chemical
characteristics of the lab-made fully

automated microfluidic system were altered
[23]. The flow rate is an important physical
parameter, particularly in  microfluidic
devices. Fig. 4(a and b) shows the effect of a
flow rate of the career stream (water) on the
peak height of (0.08 pg/mL) Fluorescein. In
the range illustrated in Fig. 4, peak height
increases with decreasing flow rate; 2 mL/min
was chosen for further investigation. This is
due to the increased dispersion in the
microfluidic system caused by the mixing of

17

108 pL of Fluorescein sample. This set
volume of samples was handled by selecting
the appropriate sucking time using a UNO
microcontroller (R3) paired with custom
software [33,35]. Fig. 5(a and b) shows that
extending the sucking time increases the peak
height, which can be attributed to increasing
the sample volume and decreasing the
dispersion in the flow system at the previously
measured flow rate [37,38]. As a result, 108
pL was employed in the next experiment to
achieve good sensitivity and high sample
flow.Fig. 6(a and b) shows the resultsobtained
in the 10-100 cm tube length (0.2 mm i.d.)
range, indicating that extending the tube

length leads to higher mixing of the
fluorescent sample inside the carrier
stream.To ensure that the peak height

decreases with increasing tube length, a length
of 10 cm has been chosen for future work.
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Figure 6. (a) Effect of the tube length on the peak height, (b) Peaks obtained from the system

Standard calibration graph(curve)

In accordance with the set conditions
indicated in Tablel. The linearity range was
found to be between 0.002-0.01 pg/mL”, as
shown in Fig. 7(a and b). The five-point
regression coefficient was 0.999, the RSD%
for ten replicates of 0.01pg/mL fluorescent
was 0.0%, the detection limit was 0.0001
pg/mL™", and the dispersion in the proposed
system was 1.055The relationship between the
peak height and the concentration is given by
the equation y = 5150x - 0.5, where y and x
are the peak height and fluorescent
concentration, respectively, and R*=0.999 is
the regression coefficient. The sample rate
was 300 samples per hour and each sample

required (0.025mL) of 0.008 pg/mL’
'fluorescent (Figure 8 a and b).
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Figure 7. (a) Calibration plotfor fluorescein, (b) The obtained
peaks of the current design system

Table 1. Optimum conditions for Fluorescein determination.

Parameters Values
Total flow rate 0.5 mL/min
Chip volume 20 uL
Fluorescein conc. 0.008 pg/mL"!
Sample volume 25uL
Tube diameter 0.2mm

Accuracy

The conventional adds approach was

employed to investigate the suggested
system's correctness. Three fluorescent dye
representative  samples were  measured.

Fig. 8(a) and Table 2, illustrate the result
achieved for sample one; this result clearly
revealed that the system's accuracy was within
the correct statistical results [39-41]. The
accuracy of current results for the designing
system was evaluated by comparing them to a
previous study done by Namea and Al-
Sowdani in 2020 [36], which clearly displays
a comparison found that using a designed
automated  system  increased  sample
throughput and linearity, as well as the results
acquired in a simple, rapid, and reliable
manner.

Dispersion Coefficient
Fig 8. (b) depicts the calculation of the

dispersion coefficient in the proposed system's
manifold, which was 1.055.
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D =H°/Hmax ; D= 260 = 1.055

Table 2. The recovery studyusing standard addition method.

Found
Sample (:g(/ii?l) (ng/mL™) *Recovery
1 0.0015 0.0015 100+0.0
2 0.0025 0.0025 102+0.0
3 0.0035 0.0035 100+0.0
* The RSD for all results above equal to zero
20 y = 5285.7x+8.2857

R* =0.9988
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Figure 8. (a) Fluorescein (standard addition method), (b)
dispersion coefficient

Conclusion

The proposed approach was effectively
used to determine fluorescent dye samples
using the standard additionmethod, with no
interface effects. We used the standard
addition procedure, which proved to be fairly
accurate. It has several features that make it
easy to use, such as speed, simplicity, high
sensitivity, automation, and environmental
friendliness, which makes it effective and low
cost. This will allow us to study and analyze

other fluorescent compounds as well as
various disciplines of chemistry, including
biochemistry and biology research. In the
future, such as adding a biosensor guideline
based on peptide aptamers for spatial
recognition of comparing protein markers of
infections in natural fluids or fabricating a
microfluidic framework of a given topology
for label-free fluorimetric discovery of protein
structures, and we can even add more mini
pumps to study the fluorescent.
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